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ABSTRACT 

Transparent conducting oxides (TCOs) form a 
unique class of materials, which possess high transparency 
in the visible region as well as high electrical conductivity.  
Sn doped In2O3 (ITO) is the best known TCO with 
conductivities ranging from 1000 to 5000 S/cm.  These 
find applications in LCD, photovoltaics and electrochromic 
devices.  MgIn2O4 is known to be a TCO1 with a band gap 
of 3.4 eV.  This crystallizes in the cubic system with a 
spinel structure.  Mg2SnO4 has a inverse spinel structure 
and is an insulator with a large band gap (~4.5 e.V).  The 
aim of the present study is to induce semiconducting nature 
in MgIn2O4 by doping with Sn and study its optical and 
transport properties.   
 
I INTRODUCTION 

 Transparent conducting compounds (TCOs) are 
compounds which in spite being high band gap materials, 
show almost metallic conductivity.  Some of the binary 
oxides such as In2O3, SnO2 and ZnO show this type of 
properties with electrons as the majority charge carriers.  
Sn doped In2O3 (ITO) is the commercially used TCO.  
These compounds find applications in flat panel displays, 
electrochromic devices etc.  In 1977 Shannon et. al found 
that ternary oxides containing Sn or In like Cd2SnO4, 
CdIn2O4, In2TeO6 and CdSnO3 also show TCO properties2.  
The conductivity in these compounds are assumed due to 
oxygen deficiency    

Ueda et. al have reported MgIn2O4-x to be one of 
the promising new TCO2.  This crystallizes in the spinel 
structure with a large band gap of 3.4 eV.  The conductivity 
in TCOs is due to the edge sharing InO6 octahedra.   
Mg2SnO4 is an insulator crystallizing in an inverse spinel 
structure with a band gap of ~4.5 e.V.  Recently, Kammler 
et. al. studied phase relations, transparent and optical 
properties in a novel transparent conducting spinel solid 
solution Cd1+xIn2-2xSnxO4

3 in which both the end members 
viz. CdIn2O4 and Cd2SnO4 are TCOs.  They reported that 
conductivity increased with Sn doping.   

In thermoelectric materials, the dimensionless 
figure of merit is inversely related to the thermal 
conductivity.  It is known that structures with more 
disorderliness generally have greater phonon scattering 
effect and hence lower thermal conductivity.  With this in 
view we have explored the thermoelectric properties of the 
Sn doped MgIn2O4.  We have also carried out the optical 
and resistivity studies on the compositions to know the 
band gaps and the conducting nature of the samples. 

II EXPERIMENTAL 
 
All the compounds were synthesized by 

conventional high temperature solid state reaction method.  
The starting materials 4MgCO3. Mg(OH)2.5H2O (A. R 
grade), In2O3 (Cerac 99.99%), SnO2 (cerac 99.99%) were 
taken in stoichiometric amounts and ground for half an 
hour in an agate mortar and pestle.  The finely ground 
powders were subjected to heat treatments at 900°C 12h, 
1200°C 24h with intermittent grinding.  The powders were 
palletized and sintered at 1300°C for 48h.  The phase purity 
was checked by powder XRD patterns (CuKá1 radiation) 
taken on Rich Seifert P3000, German make.  The diffuse 
reflectance spectra were taken on UV-Visible 
spectrophotometer (JASCO, Japan) with a 150mm 
integrating sphere attachment.   

The high temperature resistivity and thermopower 
measurements were done on a home built apparatus.  The 
furnace was heated at a rate of 1C/min and a temperature 
gradient of 2-3K was maintained across the sample for the 
thermopower measurements.  The resistivity measurement 
was done following van der Pauw four point probe method. 
 
III. RESULTS AND DISCUSSION 

The XRD patterns (Fig.1) show existence of solid 
solution for the compositions Mg1+xIn2-2xSnxO4 (0<x<0.4) 
above which, the phases crystallize in the Mg2SnO4 
structure.  The parent 

Fig.1: XRD patterns of the Mg1+xIn2-2xSnxO4   

                   (x=0,0.1,0.2,0.4,0.6,0.8,1.0)  



compounds with x=0, 0.1, 0.2 and 0.4 and the compound 
with x=0.4 are indexed on the basis of MgIn2O4 (JCPDS 
card no.s 73-2414) and Mg2SnO4 structures (JCPDS card 
no. 24-0723) respectively. Mg2+ and Sn4+ occupy the 
octahedral sites in the MgIn2O4 lattice because of their 
similar sizes. The lattice parameters show a decreasing 
trend with increasing Sn doping  following Vegards law 
(Fig.2a).  This is due to  
the smaller ionic radii of Sn4+ in the octahedral 
coordination when compared to In3+ ion4 .  This also 
confirms the incorporation of Sn4+ in the lattice.  

The band gaps measured from the diffuse 
reflectance spectra (Fig 2b) show an increasing trend with 
increasing Sn4+ concentration in accordance with the band 
gaps of the end members.  

Fig.2  a) Lattice parameter and b) band gap variation of the 
compositions (x = 0, 0.1, 0.2, 0.4, 0.6) 

 
The high temperature thermopower studies on the 

compositions with x=0, 0.1 and 0.2 are carried out in the 
temperature range 300K to 600K.  The parent compound 
which has electrons as the major carriers show an 
increasing trend in the thermopower with increasing 
temperature (Fig.3a) which indicates its metallic nature.  

  
 

Fig. 3 High temperature thermopower plots for 
compositions a) x = 0, b) x = 0.1, c) x = 0.2 

The composition with x = 0.1 shows decreasing 
thermopower with increasing temperature (Fig. 3b).  This 
shows that doping Sn4+ makes MgIn2O4 semiconducting at 
x = 0.1.  In case of x = 0.2 (Fig. 2c) also we find a 
semiconducting nature. This shows that even a small 
amount of Sn4+ is sufficient to make the metallic MgIn2O4, 
semiconducting. 

The resistivity measurements are done in the 
temperature range 300K to 600K for the compositions x=0, 
0.1, 0.2.  The resistivities of the samples increase with 
increasing Sn content (Fig. 4).  This is in accordance with 
the band gap increase.  In all the cases the resistivity plots 
show a semiconducting nature.  The sample with 
composition x = 0.4 is found to be highly insulating 

 
Fig 4. Resistivity variation with temperature for 

compositions a) x = 0, b) x = 0.1, c) x = 0.2 
 

The thermopower and resistivity data show that 
Sn doping in MgIn2O4 makes it semiconducting for x = 0.1 
above which, the resistivity becomes large.  The parent 
phase has a Seebeck coefficient of -1700µV/K and 
resistivity of 0.525Ωcm at 600K, which gives a power 
factor of 5.5 µW/cm.K2.  Due to the disorder in Mg2+ and 
Sn4+ in the octahedral sites, it is expected that the doped 
compositions have lower thermal conductivities than the 
parent phases and hence can result in the improvement of 
the dimensionless figure of merit. 
 
CONCLUSION 
 

We have carried out high temperature 
thermopower and resistivity measurements on Sn doped 
MgIn2O4 for the compositions x = 0, 0.1 and 0.2.  All the 
compositions show n-type conduction.  From the 
thermopower data we conclude that small amount of Sn (x 

  

a) b) 

a) b) 

c) 

a) b) a) 

c) 



= 0.1) is sufficient to bring about semiconducting property 
in MgIn2O4 The resistivity data show semiconducting 
nature for the parent phase as well as the doped 
compositions.  The Mg2+ and Sn4+ ions occupy the 
octahedral sites.  Though the resistivity comes down on 
doping, a cation disorder may set in which, can result in 
efficient phonon scattering thereby reducing the thermal 
conductivity of the doped compositions.  In this way we 
expect the doped composition to have lower thermal 
conductivity than the parent phase   
 
REFERENCE 
 
1 R. D. Shannon, J. L. Gillson and R. J. Bouchard, J. Phys.   
  Chem. Solids. 38, 877 (1977)  
2 N. Ueda, T. Omata, N. Hikuma, K. Ueda, H. Mizoguchi,   
  T.  Hashimoto and H. Kawazoe, Appl. Phys. Lett. 61(16),    
  1954(1992) 
3 D. R. Kammler, T. O. Mason and K. R. Poeppelmeier,  
  Chem. Mater. 12, 1954 (2000) 
4 R. D. Shannon, Acta Crystallogr. A32, 751 (1976) 



 
 

IT02 
 
 
 
 

Challenges in Tribological Coatings in Tubes 
A.Subramanyam, 

Indian Institue of Technology, Chennai 
  
 
 
 
 
Tribology deals with wear, friction and lubrication. Where ever there are two surfaces in motion 
(in mechanical or in biological systems) involves friction. The Tribological coatings are gaining 
importance where there are atringent requirements of design parameters: like in high speed 
motor bearings, artificial heart impellers, satellite gyros etc.  A large number of applications 
require the friction is to be minimized, if not eliminated. There is a special requirement of the 
wear and friction to be minimized in gun barrels. The wear resistance coatings also are required 
in oil pipes where corrosion is a serious problem. The challenge to the thin film coating 
community is how to deposit the wear resistance and lubricative coatings in the inner surfaces of 
tubes. These challenges are also addressed in complicated curvatures in biological and MEMS 
devices. The present talk gives the basics of the coatings in general and Tribological coatings in 
particular on the inner surfaces of tubes. The basic principles of Magnetron coatings, 
thermodynamics of film formation and adhesion are also addressed. 
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Ion assisted deposition of thin films is a popular technique to achieve good quality thin films in 
terms of crystallinity, micro structure and physical properties.  Ion flux and Ion energy play a dominant role 
in the process optimization.  While conventional ion guns are used in evaporation technique, their use in 
sputter deposition is limited due to geometrical and pressure constraints.  In this paper ion assistance on the 
growth of thin films of silicon nitride and titanium nitride would be discussed.  The ion assistance in the 
form of bias magnetron sputtering, unbalanced magnetron sputtering and ECR assisted deposition would be 
discussed.  These three techniques represent different degrees of ion flux and ion density.  Their effect on 
the microstructure evolution and properties of the deposited films would be analyzed in detail. 
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Planar integrated lightwave circuits featuring active elements are a recent addition to the modern all-optical 
wavelength division multiplexed (WDM) networks. Integrated amplifiers and lasers operating in the 
conventional band (1530-1565nm) are by and large fabricated using erbium or erbium/ytterbium doped 
active glass. Technologies such as ion exchange, thin film sputtering, silica-on-silicon, sol-gel, PECVD, 
femtosecond laser writing were proved valid for device fabrication. In this talk a review of the development 
in the field will be presented.  In particular, the design and fabrication of silver-sodium ion exchanged 
waveguides on Er-Yb phosphate glass and their lasing and amplifying properties are important.  We 
investigated the design issues related to the dependence of ion exchange on the spectroscopic properties. 
Optical nonlinearities in silver diffused waveguides resulting from nanocluster formation, which are 
promising for all optical switching devices, will be discussed.   
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A common deposition technique for thin silicon films, with industrial applications like solar cell 
and active matrix display production, is plasma enhanced chemical vapor deposition (PECVD).  Thin film 
semiconductor growth is a rather complicated process and influenced by a large number of parameters. 
Therefore the application of in-situ measurement techniques is of great interest.  There have been strong 
efforts to correlate the measured plasma parameters and the chemical precursor distribution in the gas phase 
with the deposited film properties 1. Another possible approach for in-situ process control and parameter 
optimization are direct measurements of the growing film properties. In this latter case non-invasive 
techniques, that do not require special test structures, are certainly of great advantage. Optical techniques, 
like spectroscopic ellipsometry 2,3 have been shown to give detailed information regarding the film 
structure.  Microwave reflection based techniques can be used to measure important semiconductor 
parameters like charge carrier mobilities and minority carrier lifetimes and  are common tools for silicon 
wafer inspection before processing. Here we will demonstrate the capabilities of transient 
photoconductivity measurements, based on the microwave reflection change of semiconductor films after 
generation of free carriers by short laser pulses 4,  for the in-situ characterization during PECVD growth of 
amorphous hydrogenated silicon (a-Si:H) and for the kinetics of the formation of various interfaces.  

The amplitude of the measured microwave reflection transients is proportional to the product of 
the number of photo generated charge carriers multiplied with their respective mobilities. In the initial 
phase of the growth of a-Si:H films on glass substrates we find consequently an increasing signal 
amplitude, observe interference peaks and can, by comparison of  the measured amplitude changes with 
modeling of the optical absorption, use the technique for in-situ thickness control. Even a-Si:H films with 
thicknesses below 3nm can be characterized regarding their electrical properties, where we still observe 
island-like growth. This means that we can get information about transport properties of films, where 
classical electrical measurements with contacts cannot be applied. Depositing relatively thick layers with 
different plasma conditions on top of each other and using short wavelengths for optical excitation, it can 
be shown that parameter optimization is possible in a continuous deposition sequence, without necessity of 
preparing a large number of single thin films. Another interesting application is the determination of active 
dopant concentrations. This type of measurements are based either on the change of the charge carrier 
mobility with doping or on the change of the charge carrier decay kinetics. Diborane CVD deposition 
without plasma ignition and a possible defective interface layer between intrinsic and p-type a-Si:H have 
been detected. During the formation of heterojunctions for solar cells, based on amorphous silicon 
deposited on crystalline silicon substrates, transient microwave detected photoconductivity  measurements 
permit to follow the kinetics of the initial crystalline silicon surface damaging and the subsequent defect 
passivation during amorphous silicon deposition in real time. A newly developed simulator enables us to 
model also the fast initial decay of the microwave transients 5.  
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ABSTRACT 

 
Alternate-current electroluminescent (ac EL) devices based on doped ZnS nanocrystals emitting blue, 
green and orange-red colors are reported. ZnS nanocrystals doped with Cu+-Al3+ and Cu+-Al3+-Mn2+ 
combinations were synthesized by wet chemical method at room temperature. The ZnS:Cu+,Al3+ 
nanocrystals show blue (462nm) and green (530nm) EL emissions depending upon the presence and 
absence of sulphur vacancies, respectively. The orange EL emission (590nm) is realized from 
ZnS:Cu+,Al3+,Mn2+ nanoparticles by way of  nonradiative energy transfer from AlZn-CuZn pairs to 
MnZn. The EL devices show low turn-on voltage of ~10V ac @100Hz. The mechanism of ac EL in 
ZnS nanocrystals has been explained wherein the excitation is attributed to the electric-field-assisted 
injection of electron-hole pairs from the surface regions into the interiors and their subsequent 
recombination therein causes emission.  

 
1. INTRODUCTION 

 
Novel optical, electronic and structural properties 

of semiconducting nanocrystals have acquired 
considerable importance because of their great 
potential for many versatile applications ranging from 
DNA markers to light emitting displays1-4. The success 
in converting these novel properties into 
technologically viable products lies in the ability to 
synthesize highly pure, well characterized nanocrystals 
(NC) and fabricate device structures based on them. 
Recently, it has been shown that hybrid organic-
inorganic light emitting devices consisting of 
semiconducting nanocrystals and polymeric materials 
can be constructed5. Further, quantum dot light 
emitting diodes based on single layer of CdSe6 or 
ZnS:Mn7 nanocrystals incorporated into hole injecting 
polymers have also been reported. All these studies are 
mainly based on the concept of realization of p-n 
junction in multi-layered structures, consisting of II-VI 
nanocrystals and organic polymers, operational under 
direct current (dc). In this letter, we report, the 
realization of alternate-current electroluminescence (ac 
EL) from doped ZnS nanocrystals showing blue, green 
and orange-red emission colors.   

 
2. EXPERIMENTAL 
 
2.1 Synthesis and Characterization 
 

ZnS nanocrystals doped with Cu+-Al3+ and Cu+-
Al3+-Mn2+ combinations have been prepared by an 
optimized aqueous colloidal precipitation method at 
room temperature8. Although the available literature on 
doping of Al3+ in ZnS phosphors reported only the high 
temperature (~9000C) doping processes9, the present 

work report incorporation of Al3+ as a coactivator in 
Cu+ activated ZnS nanocrystals through wet chemical 
reaction at room temperature in which the activator–
coactivator charge compensation conditions are 
effectively utilized to achieve the doping. During the 
co-precipitation reaction, substitutional occupation of 
Cu+ ion at Zn2+ site causes deficiency of one positive 
charge for the charge neutralization. This is 
compensated by the intake of one Al3+ ion (at Zn2+ site) 
having one excess positive charge. Therefore when co-
doped, Cu+ and Al3+ ions can occupy the nearest-
neighbor sites separated by one S2- ion so as to form an 
electrically neutral impurity complex (CuZn-S-AlZn). 
Strictly controlled reaction conditions, in which the 
copper is stabilized in Cu+ state rather than Cu2+, and 
the high surface reactivity of nanoparticles help to 
realize the doping. Further, to avoid any effect of 
halide ions, acting as another coactivator, we have used 
all halogen free chemicals for the synthesis. The 
stoichiometric ratio, X=[S2-/Zn2+], and doping 
concentrations were varied for each sample to realize 
the desired EL characteristics. Crystallinity of the 
samples, studied by using X–ray diffractometer-Philips 
XRG-3000 fitted with Cu-Ká (ë=1.54056nm) source, 
shown in Fig. 1(a) indicate the zinc-blende (â-ZnS) 
crystal structure. Transmission electron microscopic 
(TEM, JEOL-JEM-200CX) image, Fig. 1(b), shows 
well isolated particles of average size ~2nm.  The 
concentrations of dopants present in the host lattice 
have been estimated by atomic absorption 
spectrophotometer (AAS, Perkin-Elmer-2380).  
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2.2 EL Device fabrication 
 

The basic structure of our acEL devices based on 
doped nanocrystals (DNC) is shown in Fig.2 (inset). 
300nm thick Y2O3 layer was e-beam evaporated over 
an ultrasonically cleaned ITO coated glass substrate 
under vacuum (10-6 Torr) at 3000C. Nanocrystals from 
a colloidal suspension were spray coated over the 
ITO/Y2O3 substrate, kept at 500C on a warm plate. The 
nanocrystal layer was dried at 600C under vacuum. 
Uniform layer of highly packed nanocrystals (emissive 
layer) obtained in this way has been overcoated with a 
high dielectric (år~22) cyano resin (CR) by spray 
coating. Total thickness of DNC plus CR layer was 
maintained around 20-25ìm. Aluminium back 
electrode of ~300nm thick, 5cm2 area was formed over 
the resin layer by e-beam evaporation while 
maintaining the substrate temperature ~350C. Under ac 
activation, EL emission has been observed from the 
DNC layer at a low voltage of ~10V ac @ 100Hz.  
 
3. RESULTS AND DISCUSSION 
 

The electroluminescence (EL) and 
photoluminescence (PL) spectral recordings were 
carried out using a Spectrofluorometer, JASCO-FP-
6500, at room temperature. Fig.2 shows EL spectra of 
doped nanocrystals. Strong blue EL with maximum at 
462nm (2.62eV) has been obtained from 
ZnS:0.13%Cu+,0.1%Al3+ 

 prepared under S2- deficient 
condition of X=[S2-/Zn2+] <1 (Sample-SB). When the 
sample is prepared under S2- excess conditions of X >1 
(Sample-SG) the EL emission changes to green with 
maximum at ~530nm (2.30eV). Incorporation of Mn2+ 
in to the lattice together with Cu+ and Al3+ under S2-  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
excess precipitation (Sample-SO: 
ZnS:0.13%Cu+,0.1%Al3+,0.2%Mn2+) resulted orange-
red EL at 590nm (2.12eV). However, no ac EL was 
observed from ZnS:Mn2+ nanocrystals. Further, for all 
values of X < 1, blue emission bands were always 
present in the EL spectrum irrespective of the type or 
concentration of dopants ions. The PL studies carried 
out with variations in Al3+/Cu+ ratio (concentration of 
Al3+ is varied from 0-0.1at%) and stochiometric 
conditions (X=[S2-/Zn2+]) are shown in Fig.3.  At 
sulphur deficient preparatory conditions of X<1, in the 
absence of Al3+ co activator, only blue (465nm) 
emission is present in the sample. However, 
incorporation of Al3+ results appearance of a green side 
band at 525nm whose intensity increases with the Al3+ 
concentration. At 0.1%Al3+, this band becomes 
dominant making the blue band as side band. Further, 
the increase in sulphide ion concentration (X>1) 
resulted a remarkable reduction in the efficiency of the 
blue side band and the green emission become 
spectrally more symmetric as shown in Fig.3 (inset). 
The incorporation of Mn2+ into the lattice at this stage 
resulted in the orange emission at the cost of green 
emission. The excitation spectra (PLE) for blue and 
green/orange emission show different excitation 
process in which the blue emission is contributed by 
the band-to-band transition of the ZnS host 
(308nm/4eV)8 whereas the green and orange emission 
is excited by intra-band gap transition at 
416nm/2.97eV, which has been observed only in Cu+-
Al3+ containing ZnS.  

 
Efficient blue emission at S2- deficient condition 

and green emission at S2- excess condition clearly 
indicates the role of sulphur vacancies (VS) in 
determining the emission properties of ZnS 
nanophosphors. VS can act as electron trap and create 
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Fig. 1.(a)  XRD pattern of ZnS nanoparticles, (b) TEM 
micrograph showing isolated nanoparticles of ~ 4 nm size.  
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shallow donor levels below the conduction band (CB) 
edge whereas Cu+, substitutionally situated at Zn2+ site 
(CuZn), traps the holes and form an acceptor level 
above the valance band (VB) edge10. Further, Al3+ ions 
substituted for Zn2+ (AlZn) will also create donor levels 
but deeper in position than that of Vs11. Our results 
indicate the presence of a competitive donor-acceptor 
(D-A) type emission process between VS �Cu Zn and 
AlZn �Cu Zn. In nanocrystals having larger 
concentrations of VS centers, the former process is 
more efficient resulting in emission at 462nm. 
However, as the vacancy states are annihilated by 
preparing samples at S2- excess condition, together with 
an optimum Cu+-Al3+ doping, the AlZn �Cu Zn transition 
becomes dominant resulting in green emission at 
530nm. The corresponding excitation at an intra-band 
gap position can be ascribed to CuZn � Al Zn electronic 
transition.  Further, the appearance of the same 
excitation band for Mn2+ related11 orange emission 
clearly indicate an effective nonradiative energy 
transfer from CuZn-AlZn pairs to MnZn. The fact that 
orange ac EL was not observed in the absence of Cu+-
Al3+ dopant pair also indicates the process of energy 
transfer prevailing in the system.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The brightness-voltage- (B-V), brightness- 

frequency (B-F) and current-voltage (I-V) 
characteristics of the EL devices are shown in Fig.4. 
The EL intensity increases with the applied voltage as 
well as frequency. Green and orange emitting devices 
show better efficiencies than the blue. The increase in 
EL intensity does not show any sign of saturation with 
the frequency, whereas the intensity tends to level-off 
above 100V.  I-V characteristics show a nominal 
increase in current density with the applied voltage.  
These results suggest that the nanophosphors based ac 
EL devices are better suited for low voltage 
applications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Following the micrographic observations of 

Gillson and Darnel12, EL mechanism in bulk ZnS 
phosphors has been explained by Fischer13 using the 
bipolar double injection model. The Cu-decorated 
lattice dislocations, generated during the high 
temperature (>9000C) firing process is the key factor 
leading to ac EL in bulk ZnS phosphors. However, in 
case of nanocrystals, the same mechanism does not 
hold good because there can not be large 
concentrations of dislocations in the absence of any 
high temperature process as well as very small size of 
the crystallites. Therefore, we believe that, in 
nanocrystals having high surface to volume ratio, the 
concentration of Cu+ ions substitutionally situated at 
Zn2+ site can be larger at the surface regions than the 
interior. This will result in charge accumulated regions 
at the nanoparticle surface wherein the field 
intensification takes place under the application of ac 
voltage and causes injection of electron-hole pair into 
the interiors. The electrons will be trapped either at the 
sulphur vacancy centers (VS) if their concentration is 
larger or at AlZn

 centers whereas the holes will be 
trapped at CuZn acceptor centers. During the field 
reversal, the electrons released from the donor sites 
combine radiatively with the holes resulting ac EL 
emission from ZnS nanophosphors.   
 
4. CONCLUSSION 

 
We have demonstrated low voltage ac 

electroluminescence from Cu+-Al3+ and Cu+-Al3+-Mn2+ 

doped ZnS nanophosphors. By controlling the defect 
chemistry and the doping concentrations, the EL 
emission color has been varied from blue to orange-
red. Charge accumulation at the copper-rich 
nanoparticle surfaces leading to tunneling of charges 
from the surface to interiors at high electric field is 
proposed for ac EL mechanism in nanophosphors.   
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Fig. 4.  Brightness-Frequency (B-F), Brightness-Voltag 
(B-V) and Current-Voltage (I-V) characteristics of 

nanocrystals based ac EL devices. 
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Optical spectra of semiconductor quantum dots 
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The modification of optical spectra due to quantum confinement is important for some of their 

potential applications as well as for understanding their structure and physical properties. In this talk we 
will first review our present theoretical understanding of electronic and vibrational energy levels. We 
emphasisie in particular the differences between the spectra of quantum dots prepared by different methods 
and in different matrices. Thoretical expectations are compared with experimental observations for some 
specific cases. 
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Transparent, p-type semiconducting crystalline thin films have recently gained tremendous interest 

in the field of active devices. All-transparent junctional devices have begun a new generation in the opto-
electronics technology called ‘Invisible Electronics’. Non-stoichiometric and doped versions of various 
new types of p-type transparent conducting oxides (p-TCO) with improved optical and electrical properties 
have been synthesized in the last few years in this direction. A wide range of deposition techniques has 
been adopted to prepare the films. The first and the most important material in this group is copper 
aluminium oxide (CuAlO2). Kawazoe and co-authors1 first prepared it in transparent thin film form for 
possible application in p-TCO technology. Its high transparency (~ 80 %) and moderate p-type conductivity 
(~ 0.34 S cm-1) makes it a promising material for “Transparent Electronics”. In this paper the origin of p-
type conductivity in these transparent oxides is discussed. Also an up-to-date and comprehensive 
description of different p-type transparent conducting oxide thin films is presented. The structural, 
morphological and electro-optical properties of the CuAlO2 thin films are highly correlated with the 
deposition conditions. The effect of oxygen partial pressure, substrate temperature, post-deposition heat 
treatment under oxygen atmosphere etc. strongly influence the defect chemistry of the films, which, in turn, 
controls the properties of the films.  

Electrical and optical properties of the films and fabrication of all-transparent diodes are discussed 
which are important in the development of ‘Transparent Electronics’. Also, recently, the research on 
nanostructured materials generates great interest in the scientific community and offers tremendous 
opportunities in the field of physics, chemistry, materials science and related interdisciplinary areas because 
of new properties exhibited by them and challenging problems thrown up for providing theoretical concepts 
in physics associated with it. Here, we have also discussed in brief, the formation of different 
nanocrystalline p-TCO films, which may open up an extremely important and interesting field of research 
for the fabrication of all-transparent nano-active devices and give a new dimension in the field of 
‘Transparent Electronics’2,3. 
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By manipulating deposition parameters , a host of thin-film deposition techniques for ab-initio 
creation of solid matter, atom-by-atom, have been utilized to create 0, 1, or 2 dimensional nanomaterials 
and nanostructures such as thin-films , quantum dots,powders, wires, fibres, tubes,sponges ,etc in various 
shapes , sizes ,morphologies and structures . With decreasing size and dimensions, most physical and 
chemical properties of size constrained nanomaterials undergo considerable but tailorable changes. In some 
specially engineered, tailored and designer nanomaterials / nanostructures,novel physical ,chemical, or 
electronic phenomena are observed which offer exciting applications, some of which will be illustrated 
from our own work. 
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Diluted magnetic semiconductors (DMS) are the semiconductors doped with transition metal 

elements. Currently DMS are the materials for active research and development because these are potential 
candidates for high Curie temperature ferromagnetic semiconductors. This makes these DMS important to 
realize semiconductor spintronics and spin-optoelectronics utilizing electronically or optically controlled 
magnetism at room temperature. A review of the fundamentals, current status of research on DMS and its 
proposed applications will be presented. Recently we have carried out studies on structural, optical and 
some of the magnetic properties of oxides DMS of Mn and Co doped ZnO thin films grown on sapphire 
using Pulsed Laser Deposition. Results of these studies will also be presented and discussed.  
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Pulsed Laser Deposition of a few Oxide Thin Films 
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Oxide thin films find many technological applications in different areas such as optoelectronic 

and memory devices, batteries, fuel cells, sensors etc. In this paper, results on the preparation of few 
oxide thin films such as La0.9Sr0.1Ga0.8Mg0.2O2.85

1, CaZrO3
2, VO2

3, doped ZnO4, Bi2VO5.5
5
, 

LiCo0.85Cr0.15O2
6, etc by pulsed laser deposition (PLD) will be presented. 
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Abstract 
 
          Phosphors are solid-state inorganic luminescent materials widely applied in fluorescent lightings and 
display devices like color television, plasma displays, projection television etc. Recently phosphor 
converted light emitting diodes (pcLEDs), field emission displays (FEDs) and thick ceramic thin film 
electroluminescence displays (TCTFEL) are gaining a great attention for 21st century energy saving 
lighting system and high-resolution displays, respectively. Since, energy is produced maximum by fossil 
fuel and nuclear energy, energy saving leads the world free from many disasters and to save valuable 
natural resources. Due to the emergence of reading-intensive applications such as web browsing, e-mail 
and electronic books, display readability etc., display devices has gained importance with the challenge 
being to fabricate small and easily portable displays. To achieve this, development of high-resolution 
emissive display devices like FEDs and EL displays are nowadays gaining great importance because of 
their small thickness, ruggedness and wide viewing angle. For the success of these lightings and display 
devices, development of phosphors with a required characteristic is essential. This talk will cover the 
development of various phosphor materials in our laboratory with required characteristics to apply in the 
LED lighting, FEDs and EL displays. 
 
                               Introduction 

 
Phosphors are widely applied in 

fluorescent lamps (FL) and emissive displays 
because these generate visible light with high 
luminescent emission efficiencies. In FL lamps 
excitation takes place using UV photons generated 
by Hg discharge. The excitation takes place in 
CRT’s by electrons with a kinetic energy (35 kV) 
while in EL panels there are low kinetic energy 
electrons which are involved in the excitation. 
Similar to the FL lighting, LED lighting requires 
phosphors, which have absorbance in the blue or 
near UV region. The generation of near UV or blue 
light is possible by tuning the band gap of GaN 
based solid-state devices. For white light emitting 
LED applications, the generation of blue, green, 
yellow and red lights are important and 
combination of these phosphors gives white light or 
other colors. For the two color component system, 
blue converting yellow emitting YAG:Ce phosphor 
is widely used because of strong absorbance in the 
blue region. For a tri-component system with high 
colour rendering indexes SrGa2S4:Eu (green) and 
SrS:Eu (red) were generally used with blue LEDs 
[1-4].   

For high-resolution display devices like 
FEDs and thin film Electro-luminescence (TFEL), 
the development of phosphor with required 
properties are crucial for the device applications. 
Field emission display (FED) is currently being 

explored as one of the promising flat panel displays 
(FPDs) with all the futures of CRT tubes. The 
conventional sulfide based CRT blue, green and red 
phosphors show efficient emission for FEDs 
application. However, an electron-induced 
decomposition of these phosphors reduces the 
luminescent emission efficiency and the by-
products of the sulfur are known to poison the 
electron emitter during operation [5-7]. By 
considering this aspect, in recent days, active 
research is being carried out on the development of 
wide band gap oxide semiconductor phosphor for 
the possible applications of display phosphors. It 
has been observed that the CL emission properties 
of these phosphors are enhanced at low voltage 
excitation due to the reduction of surface charge as 
well as generate more electron-hole pairs in the 
host crystal and subsequent energy transfer to the 
luminescent center resulting better luminous 
efficiency [8-10].  

 
By considering the stability of oxide 

phosphor thin films over the sulfides, there is a 
growing trend towards the development of high 
luminance thin film devices that consist of multi 
component oxides as the host materials for various 
display device applications. Recently there are 
reports available on phosphors with very high EL 
luminance efficiency almost equal to ZnS:Mn, 



using binary oxide such as Y2O3 or combinations of 
Y2O3-Ga2O3 and Y2O3-GeO2 activated with Mn 
with a controlled chemical compositions, as EL 
layers [11-13]. In this paper, we are reporting 
various sulfide and oxide phosphors developed in 
our laboratory and their possible application to 
white light generating LEDS and FEDs and 
TCTFEL.  

 
Phosphors for phosphor converted white light 

emitting diodes (pcLEDs) 
 

For the pcLEDs applications, YAG:Ce was 
prepared by sol-gel method and ZnS:Mn and 
SrS:Eu were prepared by solid state reaction. These 
phosphors were studied by photo luminescent 
excitation and emission spectroscopy. After 
confirming the various excitation levels, the 
phosphor was excited at the corresponding near UV 
(365 nm) and blue LED for their useful applications 
in generating white light. Rare earth luminescent 
centers like Ce and Eu in a suitable host lattices, 
shifting the emission and excitation spectra in the 
right spectral positions and appears to be the 
preferable luminescent centers [14,15]. They offer 
high oscillator strength and rapid decay. Y3Al5O12-
Ce in short YAG:Ce is widely used as a color 
correction material for high-pressure Hg lamps 
because it absorbs blue light. For white LEDs, 
YAG-Ce is ideally suited since the 4f-5d transition 
of Ce ion absorbs in the blue spectral range. 
Because of this absorbance in the blue region, it is 
well suitable for white LED applications. In the 
market, white LEDs, with a combination of GaN 
LED with YAG-Ce phosphor is available. The 
excitation and emission spectra of YAG:Ce is 
shown in Fig 1.  
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Fig.1. Excitation and emission spectra of YAG:Ce  

The excitation spectrum shows two peaks, 
which are centered at 340 nm and 463 nms (Ce 
Excitation). This Ce excitation band covers from 
400 – 500 nm, is most intense, and provides a basis 

to apply the phosphor to blue GaN LEDs. The PL 
emission spectra show a very broad band emission 
with peaks centered at 540 nm, which is due to the 
overlapping of two energy levels in Ce (2D-2F5/2) 
and 2D-2F7/2) at the excitation of 465 nm. The PL 
emission and the excitation spectra of ZnS:Mn are 
shown in Fig.2. For ZnS:Mn phosphor, multiple 
excitation peaks appear at higher wavelength apart 
from the host excitation. The excitation peak at 346 
nm is due to the host material and the excitation at 
495, 460, 425, 385 nm corresponds to various d-d 
transitions of Mn2+ ion. Since the excitation of Mn 
ion involves   various energy levels, it is possible to 
use this phosphor for LED applications. The 
emission spectra at the excitation of 460 nm shows 
an amber yellow emission peaked at 583 nm due to 
4T1 – 6A1

 transition of Mn2+ ion [16]. From these 
observations, it is possible to use this phosphor for 
luminescent conversion blue LED-white light 
applications.    
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Fig.2.PL excitation and emission spectra of 
ZnS:Mn 

The PL excitation and emission spectra of 
SrS:Eu is shown in Figure 3. The excitation 
spectrum shows a fundamental absorption of SrS 
host crystal lattice in the lower wavelength region 
at 283 nm and Eu with a broad excitation band 
peaked at 465 nm. The red emission originates from 
Eu due to 4f65d level to 8S level [17]. From the 
above excitation spectrum, it is clearly observable 
that Eu is easily excitable at the blue region.      
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Fig.3. PL excitation and emission spectra of SrS:Eu 
phosphor 



Figure 4 shows three emission bands, green, yellow 
and red region from YAG:Ce, ZnS:Mn and SrS:Eu 
phosphors, respectively with a blue LED emission. 
From the figure, we can see that there are three 
emission bands with quite good coverage of the 
visible region if combined with blue LED. This 
combination of phosphors is expected to yield high 
color rendering indexes white LED lamps with high 
luminous efficiency.  
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Fig.4. Luminescent emission spectrum of Blue 
LED with the combined phosphor system of YAG-
Ce, ZnS-Mn and SrS-Eu 

Phosphors for field emission displays (FEDs) 

It was observed earlier that doping of 
aliovalent impurities that create oxygen vacancies 
in phosphor crystallites, might act as a sensitizer for 
the effective energy transfer at low voltage 
excitation [18-19]. In accordance with the above 
observation, here we are reporting a new approach 
by co-doping Zn as an aliovalent conducting oxide 
in Y2O3 along with Tm, Er, Eu to obtain a bright 
blue, green and red phosphor, respectively,  at low 
voltage  excitation (<2kVs). Here, Y2O3, has chosen 
as a phosphor host material because of its simple 
structure, excellent luminescence efficiency and 
stability at high energy irradiations. Moreover, it 
can dissolve large amount of aliovalent and 
isovalent cations. The reason for doping ZnO is 
that, it is a well-known semiconductor (Eg, 
3.37eV), stable, transparent to visible radiation and 
shows high efficient bluish-green emission at low 
voltage excitation [20]. In-order to develop blue 
green and red emitting phosphors, we have chosen 
Tm, Er and Eu respectively, because of their 
saturated color production and stable trivalent 
oxidation states [21].  

Figure 5 shows luminance and luminous 
efficiency of Zn (5 mole%) doped  Y2O3:Eu and 
Y2O3:Eu as a function of excitation voltages. From 
the figure, we can see that Zn doped phosphor 
shows an increase in cathodoluminescent intensity 
at red region Y2O3:Eu with a luminance of 1005 

cd/m2, which is about 30% higher than the Zn 
undoped phosphor. The CL emission spectrum of 
Y2O3:Eu shows a sharp emission at 611 nm due to 
the 5D0-

7F2 transition of Eu [21]. However, the CL 
spectrum of Zn doped Y2O3:Eu does not show the 
narrow band emission at 390 nm but only the Eu 
emission.  
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Fig.5. Luminance and luminous efficiency of Zn 
co-doped Y2O3:Eu and Y2O3:Eu as a function of 
excitation voltage  

Figure 6 shows luminance and luminous 
efficiency of Zn (5 mole%) doped Y2O3:Er and 
Y2O3:Er as a function of excitation voltages at the 
current density of 60 µA/cm2 . The green emission 
is found to increase with the excitation voltages. 
The Zn doped phosphor yields luminance of 605 
cd/m2, which is about 25% higher than the Zn 
undoped phosphor. CL emission spectrum shows a 
bright green emission from Er at 563 nm along with 
the satellite emission 537 nm, which originates 
from the 2H11/2 and 4S3/2 transition to the 4I15/2 
ground state level [21]. It does not have any 
emission at 390 nm.   
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Fig.6. Luminance and luminous efficiency 
of Zn co-doped Y2O3: Er and Y2O3: Er as a function 
of excitation voltage 

Figure 7 shows luminance and luminous 
efficiency of Zn (5 mole%) doped Y2O3:Tm and 
Y2O3:Tm as a function of excitation voltage at the 
current density of 60 µA/cm2. The blue emission is 



found to increase with the excitation voltages. The 
Zn doped phosphor yields luminance of 38 cd/m2, 
which is about 35% higher than the Zn undoped 
phosphor. The CL emission consists of a strong 
emission at 455 nm along with the satellite 
emission 461 nm. The transition energy shown in 
the figure is based on the emission spectra of the 
free trivalent Tm [21]. The blue emission lines are 
produced by 1D2 to 3F4 transition ground states. 
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Fig.6. Luminance and luminous efficiency 
of  Zn co-doped Y2O3:Tm and Y2O3:Tm as a 
function of excitation voltage 

Thick Ceramic Thin film Electroluminescence 
Displays (TCTFEL) 

 
It is well known that Y2O3, a binary 

compound is a good host material for various rare 
earth dopants. Y2O3 exists in two crystallographic 
structures i.e. cubic and monoclinic [22]. Y2O3, 
which exists in cubic structure when doped with 
Eu, is an important phosphor material for cathode 
ray tubes and fluorescent lamps because of its high 
efficient red emission. However, it was reported 
earlier that for Mn when doped in cubic Y2O3 does 
not show any emission whereas in monoclinic 
phase, it emits a very bright yellow emission at both 
photo and electric field excitation. Because of that 
reason, monoclinic Y2O3:Mn has recently been 
demonstrated as a new yellow emitting phosphor 
material for PL and TFEL devices [23]. Here we 
are reporting a new method by the addition of Zn 
with Y2O3:Mn, which enhance the growth of 
monoclinic phase and significantly improve 
luminance of thin film phosphor. High-luminance 
yellow emitting Mn activated Y2O3 and Y2O3-ZnO 
composite thin-film electro-luminescent (TFEL) 
devices were fabricated on BaTiO3 thick ceramic 
substrate as given in Fig.10, employing less 
expensive sol-gel deposition coating. The material 
obtained at various deposition temperatures were 
annealed at elevated temperature in an inert 
atmosphere. The EL characteristics of the TFEL 
devices driven by an ac sinusoidal wave voltage at 

a frequency of 1 kHz were measured using a 
Sawyer-Tower circuit, power meter and 
conventional luminance meter. 

In order to investigate the Zn 
concentration dependent luminescent properties, 
crystallographic details of the Y2O3-ZnO:Mn thin 
film deposited on BaTiO3 substrate was evaluated. 
Figure 11, shows a XRD pattern for Y2O3-ZnO:Mn 
thin film deposited at 600oC and post annealed at 
1020oC for 1 hr in Ar atmosphere with different 
concentration of Zn from 0 to 20 at%. All the XRD 
pattern are compared with a cubic (JCPDS file 43-
1036) and monoclinic phase of Y2O3 (JCPDS file 
44-0399 and 47-1274). Most of the diffraction 
peaks observed from Zn added Y2O3 thin films can 
be identified to the monoclinic phase where as 
Y2O3 with no Zn addition (Zn = 0%) shows cubic 
phase with a minor monoclinic phase formation.  

 

            
 

Fig.10. Cross sectional structure of TFEL 
device  
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Fig.11. XRD patterns for Y2O3-ZnOMn  thin film 
prepared at different concentration of Zn  

 
Figure 12 shows EL spectrum of Mn 

activated Y2O3-ZnO (10 at%) at 200V at 1 kHz. 
The EL spectra shows a narrow band emission at 
575 nm due to 4T1 (

4G) - 6A1(
6S) transition of Mn 

luminescent center doped in the Y2O3-ZnO 
composite thin film. L-V and Q-V characteristics of  
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Fig.12. EL emission spectrum from Y2O3-

ZnO(10at%):Mn(2at%) 
 

Y2O3:Mn and (Y2O3)1-x -(ZnO)x:Mn, where the Zn 
content was 20 at % and is shown in Fig.13 and 14. 
From the figure it should be noted that the 
obtainable EL characteristics of the TFEL devices 
using Y2O3-ZnO:Mn thin film were correlated to 
the growth of monoclinic phase and its crystallinity 
of the thin film as evidenced from enhanced 
intensity of the diffraction peaks. The spectrum of 
yellow emission observed from the Y2O3-ZnO:Mn 
TFEL devices were approximately same that from 
standard yellow emitting Zn:Mn phosphor. The CIE 
chromaticity color co-ordinate (x = 0.512 & y = 
0.438) is not changed at any Zn concentration.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig.13.L-V,Q-Vand ç-V of Y2O3:Mn dep.at 400oC. 

 
Figure 15 shows maximum luminance (Lmax) as a 
function of Zn content for (Y2O3)1-x-(ZnO)x:Mn 
TFEL devices driven at 1 kHz. It should be noted 
that the highest L max about 2640 cd/m2 was 
obtained in a TFEL device prepared with a ZnO 
content of 20 at% where as Y2O3:Mn shows very 
low lumen of about 214 cd/m2 1 kHz.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.14. L-V, Q-V and -V of Y2O3-ZnO:Mn dep.at      
600oC   
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Fig.15 Lmax of Y2O3-ZnO:Mn as a function of  Zn 

content 
 

4. Conclusions 

Various phosphors based on sulfide and 
oxide powder as well as thin films were prepared 
and studied for its applications to PcLEDs, FEDs 
and TCTFEL devices. It was observed that instead 
of using single component phosphor, a combination 
of two or three color phosphors covers the entire 
visible region and this leads to the LEDs, which 
emit with high CRI and luminous efficiencies. For 
the FEDs phosphors, addition of Zn to the Y2O3 
enhances the cathodoluminescence of Tm, Er and 
Eu at blue, green and red region, respectively, at 
low voltage cathode rays excitation and improves 
luminance and luminous efficiency. For the 
fabrication of TCTFEL, a new concept mixing of 
Y2O3-ZnO with Mn was reported first time using 
inexpensive solution coating techniques, which 
eliminate the need for vacuum. The addition of Zn 
in the Y2O3 enhances the growth of monoclinic 
phase and shows a drastic improvement in the 
luminance and luminous efficiency when compared 
with Y2O3:Mn 
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Materials for Wireless Communication 
 

M.T. Sebastian 
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Trivandrum 695019 India  
 

With the advent of ‘mobile phone mania’ and satellite communication revolution using 
microwave as the propagation media (where sky noise is minimum), the research and development in 
the field of device miniaturization has been one of the biggest challenges in contemporary Materials 
Science. To use a mobile phone to talk to someone, the message is sent from our phone to the nearest 
base station, and then on via a series of base stations to the other phone. At the heart of each base 
station is the combiner/filter unit. This has the job of receiving the messages, keeping them separate, 
amplifying the signals and sending then onto the next base station. For such a microwave circuit to 
work, part of it need to 'resonate' at the specific working frequency. The frequency determining 
component (resonator) used in such a high frequency device should satisfy certain criteria. It should 
have high dielectric constant, high quality factor, and high frequency stability with temperature. In 
early microwave systems, bulk metallic cavities were used as resonators, but were huge and not 
integrable in MIC. Although Richtmeyer in 1939 theoretically predicted that a suitably shaped 
dielectric could behave as a resonator it took about 20 years to experiment a Dielectric Resonator (DR). 
In 1960 Okaya  found that a piece of rutile (TiO2) could act as a resonator. Historically, first 
temperature stable, low loss resonator was developed in 1971 by Masse who found that barium tetra-
titanate (BaTi4O9) has excellent thermal stability and microwave dielectric characteristics. Since then 
about 1500 resonating materials have been reported in the literature. The search for new materials 
having optimum balance of dielectric properties is one of the most challenging problems in electronic 
ceramic research.   The present talk focuses on what is a dielectric resonator, how it resonates, 
important DR materials, factors affecting the dielectric properties, how one can tailor the properties, 
DR database, and future directions. 
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Electrochemical Energy is required for space applications in different categories of missions like 
launch vehicle, satellite, Re-entry Launch Vehicles (RLVs), interplanetary missions etc. Electric power is 
essential for all these missions for carrying out a number of functions in addition to normal house keeping. 
In the case of a rocket or launch vehicle, electric power is required throughout the flight duration (normally 
of the order of 17-20 minutes) for operations like ignition, navigation, guidance, control, separation, 
instrumentation and for destruction of the vehicle in case of an abnormal behavior. Each of these 
requirements is only for one time in any such mission and that too for short durations of the order of a few 
seconds to a few minutes. Onboard batteries meet these requirements. 

However, in the case of satellites the requirements are of a different nature. Power is required for 
operating the orbit control systems and payloads like the icameras, transponders, radiometers and so on. 
This requirement is there during the entire mission duration which varies from 7 -15 years depending on the 
type of mission. Solar panels provide the electrical energy to satellites as long as the satellite is in the sunlit 
portion of the orbit. However, during the period when the satellite is eclipsed by the earth, no power is 
available from the solar panels. Batteries are used onboard to provide electrical energy to the various 
systems during such eclipse periods. In addition to this, batteries are required to support certain peak load 
operations where the power generated by the solar panel is not sufficient to meet such requirements. Also 
such onboard batteries have to provide power to the mission during transfer orbits prior to the solar panel 
deployment.  

The Electrochemical Energy Systems used in space missions should meet certain specific 
requirements like high energy density, high rate capability, long cycle and calendar life in addition to very 
high reliability. The complex interplay of these factors make the choice of suitable energy systems difficult 
and only very few systems meet these demands. Batteries that are ideal for launch vehicles use do not 
satisfy the demands of a satellite and vice versa. The batteries used in launch vehicles and satellites are not 
viable choice for the long duration, higher energy demanding missions like Re-entry Launch Vehicles, 
interplanetary missions and manned missions. Fuel Cell system is the   choice for such missions. This talk 
gives an overview of the various Electrochemical Energy Systems that are currently in use and the status of 
such systems in the country for the Indian Space programmes.  
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Structural Aspects of Ion Beam Modified Nanostructures 
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 Institute of Physics, Bhubaneswar – 751005 

 
In this talk, a brief introduction to the growth of nanostructures using various synthesis 

experimental methods (i.e., using thermal evaporation, molecular beam epitaxy, chemical methods and ion 
beam sputtering) and their structural characterization with electron microscopy and ion scattering would be 
dealt. The main emphasis in this talk is the use of energetic heavy ion impacts for modifying the matrix and 
the nanostructures to tailor the properties. Examples on the use of energetic ion beams to synthesize 
optically interesting systems at interfaces (buried nanostructures) and modify the surface nanostructures to 
show embedding related phenomena would be discussed. 
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The recent discovery of diluted magnetic semiconductors (DMS) has raised tremendous interest in 
the development of these materials for future technological applications. Incorporation of ferromagnetism 
in the wide band gap III-V and II-VI nonmagnetic semiconductors have opened up a new area of research, 
because of the ability of DMSs to combine their transport and optical properties with magnetism. ZnO is a 
II-VI semiconductor with a band gap of ~3.3 eV at 300 K, almost comparable to that of GaN. Therefore, 
transition metal doped ZnO is considered as a potential candidate for transparent ferromagnetic materials. 
Based on theoretical calculations, it has been proposed that ZnO doped with 3d transition metal ions are 
suitable candidates for ferromagnetic semiconductors. Curie temperatures above 300 K have been predicted 
for Mn doped ZnO. Subsequent experimental results showed that ZnO doped with different transition 
metals such as Co, Mn, Ni, etc, are ferromagnetic at or above room temperature. Most of these studies are 
performed on thin films. However, there are controversial reports on the origin of ferromagnetism in doped 
ZnO, and especially in the case of Co and Mn doped materials. Some reports show the presence of 
secondary phases as the origin of ferromagnetism and some times the results are not reproducible. Hence, 
after so many extensive studies on ZnO based DMSs, still the origin of ferromagnetism is a big question. 
Our detailed studies on different polycrystalline samples of Co, Mn and Ni doped ZnO give evidence for 
different origins of ferromagnetism (spin) and the changes in the electronic structure (charge). The current 
status of the ZnO based DMS will be discussed. 
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 Spin-Polarized electron scattering from ferromagnetic surfaces can be used to extract 
information about magnetic microstructures1, magnetic interactions2 and magnetic excitations3 on 
surfaces. Among the magnetic excitations, Stoner excitations were extensively studied using this 
method4. When one considers the collective excitations in magnetically ordered systems i.e. spin-wave 
excitations, this technique becomes more demanding due to the need for a highly monochromatic spin-
polarized electron beam with well-defined spin orientation. Ferromagnetic resonance, Brillouin light 
scattering etc. are widely used to explore the spin waves in thin films and multilayers, but these 
methods can probe only low energy, long wavelength (wave vector <10-2Å-1) spin-waves. For probing 
large wave-vector high-energy spin waves i.e. the exchange-dominated spin waves, inelastic neutron 
scattering was the only technique available. However, this technique becomes intricate in ultra-thin 
films and surfaces. Hence, the high-energy spin waves in ultra-thin films were not explored due to the 
unavailability of a suitable technique. In this regard we explored the possibility of exciting spin-waves 
by the inelastic scattering of electrons (Spin Polarized Electron Energy Loss Spectroscopy (SPEELS)) 
and we found that it is possible to probe spin waves up to the surface Brillouin zone boundary (wave 
vector ~1.5 Å-1) in ultra-thin films.  

This new methodology will be illustrated with the help of the results obtained from ultra-thin 
fcc and hcp Cobalt grown epitaxially on Cu(001) and W(110) crystals, respectively. A spin-polarized 
electron beam with transverse polarization is scattered off-specularly from the remanently magnetized 
Co surface. We find that the scattered electron suffers an energy loss due to spin-wave excitation 
giving rise to a loss peak in the energy loss spectrum. The parallel component of the wave vector 
difference between the incoming electron and scattered electron (∆K||) gives the corresponding wave-
vector for the spin wave. The spin-wave peak in the energy loss spectrum shifts to higher energies as 
the ∆K|| is increased, resulting in a well-defined dispersion up to the surface Brillouin zone boundary5. 
The spin wave dispersion was found to agree surprisingly well to the dispersion relation of a surface 
spin wave calculated using a nearest neighbor Heisenberg model5. Using this model, we obtained a 
value for the product of the exchange coupling constant (J) and the magnetic moment (S) of JS for f.c.c 
and h.c.p Co 15±1 and 14.8±1 meV, respectively. We also found that the spin wave features measured 
by SPEELS are strongly broadened. The non-adiabatic theoretical descriptions expect a broadening of 
the spin-wave features as spin-waves of high wave vectors are damped by Stoner excitations. 

In this lecture, the details of the SPEELS will be discussed along with results obtained from 
different thickness of the Co films in f.c.c. and h.c.p. form.  
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Ordered arrays of metallic nanoparticles with diameters between 1 and 10 nm and interparticle 
distances between 10 and 100 nm offer a large variety of possible applications for basic physics as well as 
device oriented experiments. As a first step, however, a reliable preparation method of such arrays has to be 
developed allowing a control of both distances1,2,3.  

In this contribution, an unconventional bottom-up approach will be described based on the 
selforganization of metal-loaded diblock-copolymers. It will be demonstrated that after an optimized 
plasma treatment to remove the polymer matrix, one ends up with a highly hexagonally ordered array of 
metal nanoparticles of e.g. Au or Co exhibiting narrow Gaussian size distributions. Properties of such 
particles, which are supported on various substrates, will be reported with emphasis on their electronic 
behavior4,5,6.  
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Magnetoelectrics, characterized by simultaneous ferroelectric and magnetic ordering, have 
potential applications in information storage, sensors, etc. However, there are very few materials exhibiting 
the coexistence of ferroelectric and ferromagnetic ordering at room temperature. Hence, in normal practice, 
desired magnetoelectric effect (ME) is achieved by growing heterostructures of ferroelectric and magnetic 
materials. Realization of heterostructures with desired properties is not only difficult but also involves 
complicated lengthy procedure. BiFeO3 is weakly ferroelectric and antiferromagnetic at and above room 
temperature. We have been successful in enhancing both the ferroelectric and the magnetic properties of 
BiFeO3 by partial substitution of Dy at Bi site. Thin films of Bi0.6Dy0.3La0.1FeO3, integrated on 
Si/SiO2/TiO2/Pt substrate by using pulsed laser deposition technique; show good ferroelectric and magnetic 
properties. We have also studied evolution of magnetic domain configuration with increase in film 
thickness Single step growth of thin films with desired magnetoelectric properties at room temperature is 
certainly cost effective, reliable and simple alternative to heterostructures.  
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We present the results of photoluminescence studies at low temperature on 200 MeV Ag+15 ion 
irradiated Co-implanted ZnO thin films. The c-axis oriented epitaxial ZnO thin films were grown using 
plasma assisted MBE on (001) Al2O3 substrate and implanted with 80keV Co ions with fluence values 
1x1016 to 5x1016 ions/cm2, which show Co clusters. The Co clusters were dissolved using 200 MeV Ag+15 
ions irradiation with fluence 1x1012 ions/cm2. The photoluminescence spectrum of pure ZnO thin film was 
characterized by the I4 peak at 3.365 eV and the broad emission at 2.45 eV due to the vacancies and defect 
states. The Co-doped ZnO films show three sharp levels at 3.247eV, 3.211eV and 3.169eV due to t2g and 
two shoulders at 2.975eV and 2.815eV due to the eg levels of crystal field splitted Co d-orbitals lying in the 
band gap of ZnO. Their position is independent of the temperature, whereas, the I4 intensity is decreased 
with the increase in temperature due to the thermal quenching of this emission. 
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ABSTRACT

The unique physical properties of metal nanoparticles make them potential candidates for photonic applications. This 

paper discusses some common methods of preparation and characterization of these materials, and results obtained from 

their nonlinear optical studies. It is found that metal nanoparticles can be used as saturable absorbers and optical 

limiters.

INTRODUCTION

Nanometer-scale objects have a number of unique 

physical properties, including high extinction 

coefficients, fluorescence, magnetic susceptibility, 

thermal and electrical conductivity, and optical 

nonlinearity. Since nanostructures have dimensions in 

the wavelength range of visible light, they can be used 

directly as active optoelectronic devices. For example, 

nanotube arrays can act as optical nanoantennas capable 

of directly receiving or transmitting light waves. Such 

features give them enormous potential as components of 

advanced composites. 

Nanoparticles can also be used as biomolecular tags and 

photonic materials. For instance, silicon clusters in the 

1-3 nm size range are found to be highly fluorescent

1

. 

Similarly, photonic crystals can be produced by growing 

aligned carbon nanotubes onto an array of nickel dots 

formed by self-assembly nanosphere lithography, which 

can have applications in optoelectronics and telecoms.

Metal nanoclusters are an important subgroup of the 

family of nanoparticles, primarily due to their surface 

plasmon resonances (SPR). In this talk we discuss the 

potential of metal nanoclusters dispersed in liquid and 

solid media for optical limiting, switching, and saturable 

absorption applications.

PREPARATION AND CHARACTERIZATION

To introduce metal ions into a solid host like sodalime 

glass, the thermal ion exchange method can be adopted. 

For example, to prepare Ag nanoparticles, commercial 

soda lime glass slides are first cleaned by sonication, 

and then immersed in a molten salt bath having AgNO
3 

and NaNO
3 

in a fixed ratio. Ion–exchange is allowed to 

take place for about one minute at a temperature of 330 

- 360 

o

C, wherein the silver ions in the molten salt bath 

penetrate and occupy the sites left by the Na

+ 

ions. The 

prepared glass slides can be air annealed at different 

temperatures and then furnace cooled, to produce larger 

Ag clusters by an enhanced coagulation of the Ag 

particles. Fig.1 shows the absorption spectra of the 

samples thus prepared by annealing at different 

temperatures

2

.

Noble metal Nanoparticles can be prepared in the core-

shell form also, where a strong shell can act as a 

protection for the metal core within. One of the methods 

involves the reduction of Au

3+ 

or Ag

+ 

by dimethyl 

formamide in the presence of oxide forming precursors, 

titanium isopropoxide and zirconium (IV) propoxide

3

. 

In another method preformed gold nanoparticles are 

slowly covered with silica, from an active silica solution 

prepared from orthosilicate. The particles are then 

collected by centrifugation, washed and resuspended in 

solvents. Fig.2 shows the absorption spectra of 

Ag@ZrO
2 

and Au@ZrO
2 

suspended in 2-propanol. The 

plasmon absorption peaks are at 421 nm and 527 nm 

respectively. For core-shell nanoparticles, the absorption 

peak will be shifted compared to that of bare 

nanoparticles

4

. 
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Fig.1: Absorption spectra of Ag nanoparticles in 

sodalime glass, annealed at different temperatures.

It is possible to prepare metal clusters which contain 

only a small number of atoms. For example, Au clusters 

containing  about 140 atoms can be synthesized under 

ambient conditions by the Brust method, using 

hexanethiol and dodecanethiol as protecting species

5

. In 

these clusters, the SPR band in the UV/Vis spectrum is 

nearly absent due to the small size.

Size characterization of nanoparticles is mostly done by 

transmission electron microscopy (TEM). In Fig.3, a 

TEM picture of an Ag-PVA thin film is shown

6

. Other 

methods are mass spectroscopy using matrix assisted 

mailto:Au@alkanethiol


laser desorption (MALDI), and low frequency Raman 

studies

7
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Fig.2: Absorption spectra of Ag@ZrO
2 

(a) and 

Au@ZrO
2 

(b) suspended in 2-propanol.

Even though the chemistries for functionalizing 

nanomaterials are practically unique for each material, a 

universal approach can still be adopted, in which 

polymerizable surfactants can be used which will 

encapsulate the nanostructure and at the same time 

provide additional reactive groups for further chemistry. 

Because this approach does not require the surfactants to 

be covalently anchored to the nanostructure surface, it 

can be used on nanomaterials that have limited or no 

surface reactivity

8

.

Fig.3: TEM picture of an Ag-PVA thin film.

NONLINEAR LIGHT TRANSMISSION

The optical nonlinearity in noble metal nanoparticles is 

usually discussed on the basis of the Kerr nonlinearity, 

multiphoton excitation and free carrier absorption in 

them. Flytzanis

9 

and co-workers have shown that there 

are three major electronic contributions to the Kerr 

nonlinearity. The first one, χ(3)

intra
, is from the intra-band 

conduction electrons in the s-p band. It is electric dipole 

in nature, originates totally due to the confinement of 

the free electrons, and is strongly size dependent. The 

second is from inter-band transitions between the d-

bands and the conduction band which occurs when the 

photon energy is larger than a gap energy, E
g

ωg 

(which is 1.7eV for gold). Inter-band transitions can 

saturate leading to a mostly imaginary and negative 

χ(3)

inter
, and this contribution is size and shape 

independent down to very small sizes of about 2.5 nm. 

The third and most important contribution χ(3)

sp 
arises 

from surface plasmons. By photoexciting the plasmon 

band, conduction electrons can be easily elevated to 

temperatures of several hundred degrees as their specific 

heats are very small. It takes a few picoseconds for these 

electrons to thermalize with the lattice. During this time, 

the Fermi-Dirac electron distribution is modified, since 

part of the one-electron levels below the Fermi level is 

emptied and part of those above is occupied. This leads 

to a modification of the dielectric constant ε
m

, resulting 

in a transient re-distribution of the equilibrium plasmon 

band: the absorption around the peak is reduced and that 

at the wings is increased. This reduction in absorption is 

generally referred to as ”plasmon band bleach” in 

literature

10

. 
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Fig.4: z-scan curves obtained for Au-PVA and Au:Ag-

PVA films, using 532 nm, 7 ns laser pulses.

In an z-scan experiment

11

, this bleach will appear in the 

form of a positive-going peak, (saturable absorption) as 

seen in Fig. 4 for an Au:PVA film

6

.  However, an 

obvious optical limiting behaviour is found in Au:Ag-

PVA films under the same excitation conditions. Such 

changes in the sign of the nonlinearity can be seen to a 

lesser degree in the same material itself at different 

concentrations, as shown in Fig.5. These can be 

explained on the basis of multiphoton excitation and 

free carrier absorption phenomena

12

. 

There is a large free electron concentration in metal 

nanoparticles, which is orders of magnitude higher than 

that in semiconductors. Laser-excited electrons in the 

nanocluster are free carriers possessing a whole 

spectrum of kinetic and potential energies, the potential 

energies being those of the formerly unoccupied and 

occupied states within the conduction band. In addition, 

there exists a possibility of photoejection of electrons 

from the parent cluster, which usually occurs by a two-

photon or multi-photon absorption process

10 

when 

excited in the visible. The total number density of free 

carriers N
c
(I) generated by these routes is an intensity-

dependent parameter, so that nonlinear absorption by 

free carriers gains substantial strength at high laser 

intensities. The resulting transmission can be expressed 

as  = - αI – σ
c
N

c
(I)I, where α is the linear 



absorption and σ
c 

is the free-carrier absorption cross-

section. The other possibility to be considered is that of 

thermally induced nonlinear scattering which 

contributes to optical limiting in a number of materials, 

including carbon nanotube suspensions. From 

comparative studies in gold clusters of 5 nm and 30 nm 

average diameters, Mostafavi and co-workers

13 

have 

suggested that the nanosecond limiting in these samples 

may be explained in the framework of nonlinear 

scattering. Our own previous studies in thiol-capped Ag, 

Au and Ag-Au alloy nanoclusters had revealed that for 

the same laser fluence, nanosecond limiting is more 

efficient than picosecond limiting, indicating the 

possible role of nonlinear scattering

14

. 
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Fig.5: z-scan curves obtained for Ag@ZrO
2 

suspensions 

in 2-propanol, at different sample concentrations. Lower 

concentrations show lesser saturation behaviour.

TEMPORAL BEHAVIOUR

Subsequent to SPR excitation, the excited electrons will 

relax within a certain lifetime. This lifetime can be 

measured from a pump-probe experiment using 

femtosecond laser pulses. Results of our measurements 

in Ag nanoparticles

2 

is shown in Fig.6. The pump 

energy is kept low so that the excitation is limited to the 

low perturbation regime, where the decay rate is 

independent of the pump fluence. Since the electron-

electron relaxation is too fast to be resolved, only the 

electron-phonon relaxation is seen, and hence the 

experimental points fit well to a single exponential 

decay. This is consistent with the two-temperature 

model of electron relaxation in the low perturbation 

regime

15

. The relaxation lifetime is calculated to be 860 

femtoseconds from the fit, which is in close agreement 

with the value of 700 fs measured for 3 nm Ag clusters 

in a glass matrix by Del Fatti et.al.

16

. An even smaller 

time constant of about 530 fs was obtained by Arbouet 

et.al.

17 

for Ag clusters of the same size embedded in 

various media. Such short lifetimes can be of potential 

use in optical switching applications. 

PHOTONIC CRYSTALS

Certain hydrogel-based nanoparticles can be used to 

form photonic crystals whose optical properties can be 

precisely tuned by thermally adjusting the water content 

in the particles

18

. The soft and conformable spherical 

particles could be the basis for a “photonic fluid” that 

would be custom processed to form self-assembled 

periodic structures able to transmit specific wavelengths 

of light.  Potential applications also include optical 

switching and optical limiting in telecommunications.
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Fig.6: Electron-phonon relaxation in Ag nanoclusters of 

3 nm size, measured by a femtosecond pump-probe 

experiment.

In another method to make photonic crystals, particles 

of nickel catalyst are initially laid down by allowing a 

monolayer of polystyrene nanospheres to self-assemble 

onto a 10 mm-square silicon substrate. The nanospheres 

are used as a mask for depositing nickel by electron-

beam evaporation: removal of the polystyrene particles 

with toluene leaves a honeycomb pattern of nickel dots. 

The nickel dots then act as a catalyst for the growth of 

aligned carbon nanotubes by hot filament plasma-

enhanced chemical vapour deposition. Thus an 

inexpensive selfassembly of nanotubes into highly 

ordered arrays is possible. The resulting periodic array 

of aligned nanotubes appears colourful because it 

diffracts visible light. This also leads to photonic crystal 

interactions that change dispersions of the photonic 

modes, forming photonic bands and gaps

19

.

CONCLUSIONS

Metal nanoparticles are fascinating materials with 

interesting physical properties. Studies indicate that they 

have the potential to be used as saturable absorbers, 

optical limiters and optical switches.
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p-Type ZnO films were grown by using phosphorus oxide as a p-type dopant source by RF sputtering 

and a subsequent post annealing processes. Photoluminescence spectra of p-type ZnO:P thin films showed an 

acceptor bound excitonic and phosphorus related peaks. We will report on the fabrication and characteristics of 

heterojunction ZnO light-emitting diode (LED) which consists of p-type ZnO:P and n-type GaN:Si layers. The 

current-voltage (I-V) and electroluminescence measurements of ZnO LED showed a threshold voltage of 5.4 V 

and a band-edge emission of 409 nm at room temperature. We also fabricated a p-n homojunction LED with a 

structure of p-ZnO:P/n-ZnO:Ga and it showed an emission peak at 380 nm corresponding to the near band gap 

of ZnO for the first time. The I-V characteristics of ZnO LED showed a low threshold voltage of 3.2V and an 

ideality factor of 2.5 were very similar to those of GaN LED. 
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ABSTRACT 
 
Highly luminescent, stable and mechanically strong thick porous silicon (PS) films have been obtained on textured 
silicon substrates. Porous silicon formed on textured substrates exhibits higher porosity, better mechanical strength, 
non-fractured surface morphology and lower stress compared to porous silicon formed on polished silicon substrates at 
the same current density, time of anodization and method of drying. The improved properties are attributed to the 
formation of localized highly porous macroscopic plastic regions.  

 
 
 
1 INTRODUCTION 
 

PS has been investigated for many optical and 
opto-electronic applications because of the easiness, 
simplicity and integratibility with the highly advanced Si 
technology. The quantum nature of Si nanostructures is 
the key to the development of the future nano-electronics 
1,2. In PS films, Si nanocrystals remain attached to the Si 
substrate after partial electrochemical dissolution and are 
surrounded by large pores. The large surface area and the 
presence of large number of unpaired dangling bonds alter 
the surface reactivity and stability of PS 3,4. The presence 
of pores also causes lattice expansion and leads to elastic 
stress and curvature which often leads to fragility and 
long-term failure 5.  Very few reports are there which has 
demonstrated the role of the surface morphology of 
silicon wafer on the properties of PS 6. For use as an anti-
reflection coating, thin porous silicon layers were formed 
earlier on textured Si solar cells 7. However, an intensive 
study on the properties of PS formed on textured 
substrates and its effect on the stability of PS appears to 
be lacking.  In this work, we have demonstrated that the 
texturization of silicon surface is a simple and effective 
method for the formation of thick films of porous silicon 
with reduced stress, improved stability and superior 
mechanical properties. SEM, AFM and XRD 
measurements have been used to demonstrate the 
superiority of porous silicon films formed on textured 
substrates. 

 
2 EXPERIMENTAL 
 

PS was formed by electrochemical anodization 
process on boron doped (100) p-Si wafers (8-10 Ω cm, 
400 µm thick). Silicon wafer is used as the anode and Pt 
as the counter electrode in an acid resistant cell. PS 
films were made on both polished and textured 
substrates with current densities between 10 to 50 mA 
cm-2 range for 30 min. in HF-C2H5OH of 1:1 volume 

ratio. The films were washed in deionized water and 
dried in nitrogen after anodization. Textured substrates 
were made using 2% NaOH at 85oC for 30 min. 
Formation of a proper texturized surface with pyramidal 
morphology was confirmed by SEM using a LEO 440 
scanning electron microscope. A multicrystal X-ray 
diffractometer developed at NPL employing a fine focus 
X-ray generator has been used to determine local radius 
of curvature of PS films 8. 
 
3 RESULTS AND DISCUSSION 
 

 
 

 
 

Visual observation shows that the porous 
silicon films formed on textured surfaces appear more 
compact, uniform and strong even at higher current 
densities while the PS films formed on polished 
substrates appears to be rough, powdery and had a 
tendency of peeling off from the substrate particularly at 
high current densities.  As evident from Fig.1, for Id = 
20 mA cm-2, on exposure to UV-light, PS formed on 
textured substrate has a glowing dark reddish-orange 
color with uniform intensity while the PS formed on 
polished substrate has a light orange color with graded 
intensity from the centre toward the edges. The porosity 
and thickness of PS films are estimated from 
gravimetric measurements 1. These parameters for both 
the kinds of films are summarized in Table 1. 

(a) (b) 
Fig. 1 A photograph of porous silicon samples prepared 
at  Id = 20 mA cm-2 upon exposure to UV-light (a) Textured 
substrate; (b) Polished substrate. 

(a) (b) 
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It is observed that both porosity and thickness of PS 
films increases with increase in current density, 
however, the PS films formed on textured substrates 
exhibits higher porosity as compared to the 
corresponding films formed on polished substrates.  
When subjected to ultrasonic cleaning for 60 mins. as a 
destructive test of the film strength, porous silicon 
formed on the polished substrates easily disintegrates 
while porous silicon formed on textured silicon even at 
high current densities is not affected. 
 

Typical PL curves for PS films formed at 
different current densities Id (~ 20 and 35 mA cm-2) on 
textured and polished substrates are shown in Fig. 2. As 
evident from Fig. 2, the absolute PL intensity is higher 
for the porous silicon formed on textured substrates than 
that formed on polished substrates. When Id decreases 
from 35 mA cm-2 to 20 mA cm-2, the PL peak position 
shifts towards higher wavelength side with concurrent 
increase in PL intensity for PS films formed on both 
textured and polished substrates in accordance with 
quantum confinement effects 2.  
 

 
 
 
 
 
The emission intensity recorded at the emission 

maximum exhibited a multiexponential decay and was  
analyzed using triexponential decay kinetics (expression 
1)9, 
F(t) = a1 exp(-t/Γ1) + a2 exp (-t/Γ2) + a3 exp (-t/Γ3)(1) 
Where a1, a2, a3 are the coefficients and Γ1, Γ2 and Γ3 are 
the lifetime values respectively. Fig. 3 shows that the 
textured PS sample show PL decay which on fitting in a 
tri-exponential equation yields life times: 24, 48 and 96 
micro seconds while the decay of the polished sample 
similarly, shows life times of 11, 22 and 44 micro 
seconds respectively. To compare the emission 
lifetimes, we determined the average lifetime value<T> 
using expression (2)10, 
‹Γ› = ∑aiΓi

2/∑aiΓi                           (2) 
 
By substituting the values of a1, a2 and a3 & Γ1, Γ2 and 
T3 in equation 2, we obtained the average lifetime 
values as 70 and 34 µs for PS films formed on textured 
and polished substrates respectively. The higher 
lifetimes of the excited electrons of the PS film on the 
textured substrate could be due to the relatively higher 
structural stability of the PS film on this substrate. 

SEM studies were done in order to probe the 
microstructural variations in PS formed on textured and 
polished Si-substrates at a typical Id ~ 20 mA cm-2.  
Fig.4 [(a) & (b)] shows SEM micrographs of polished 
silicon substate without any PS formation and with PS  
formation at Id ~ 20 mA cm-2.  Polished silicon substrate 
shows a plain surface morphology while a cracked 
surface morphology is obtained for PS on polished 
substrate (Fig. 4(b)). For the textured substrate without 
any PS formation, the surface morphology consists of 
randomly sized and spaced pyramids homogeneously 
distributed on the surface (Figs. 4(c)) and for the PS  
formed on textured substrate, the surface morphology 
does not essentially differ from the textured silicon 
substrate (Fig. 4(d)). Here, there is no evidence of any  

Substrate Current 
Density 
Id (mA 
cm-2) 

 Thickness 
(µm)     
 
               

       
Porosity 
(%) 
 
          

Textured         10        12           52    
Textured         20        25                     60     
Textured         35        41           70     
Textured         50        55           76 
Polished         10        40           46 
Polished         20        55           49 
Polished         35        73           65 
Polished         50        89           70 Fig. 2 PL spectra of porous silicon samples prepared 

different current densities (Id ); (a) Textured substrate, Id = 20 
mA cm-2; (b) Polished substrate, Id = 20 mA cm-2; (c) Textured 
substrate, Id = 35 mA cm-2 and (d) Polished substrate, Id = 35 
mA cm-2. 
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Fig. 3 Emission decay of  PS prepared at Id= 20 mA 
cm-2; (a) Textured substrate; (b) Polished substrate. 
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Table 1:   Values of the thickness (µm) and porosity (%) of
   PS films formed on textured and polished 
   substrates. 
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fracture or cracks formation unlike in the case of 
polished silicon substrate for the same current density.  
Even for PS films formed on textured substrates at 
higher current densities, Id ≥ 50 mA cm-2, the surface 
morphology remains the same and this indicates lower 
stress for PS films formed on textured silicon substrates. 
At higher magnification for PS film formed on textured 
substrate, it is noticed that the pyramids are sharply 
separated and the regions between the pyramids show 
deep etching and possibly higher porosity or larger pore 
size and macroscopic cracking is not observed (Fig.4 
(e)). This result can be confirmed from the cross- 
sectional view SEM micrograph (Fig. 4(f)) which 
reveals that pore (diameter between ~ 50 and 100 nm) 
formation occurs in a unidirectional manner from the 
surface into the bulk, leading to aligned pores and 
columnar silicon structures. The PS layers also appeared 
thicker.  This surface morphology is not affected by 
current density. In case of PS formed on polished 
substrates, the higher Id of 20 mA cm-2 results in 
increased porosity and the inability of the silicon 
nanowires to withstand the stress leads to cracking. At 
further higher Id ≥ 35 mA cm-2, a pronounced cracking 
pattern is observed. Similar observations on the fragility 
of thick and highly porous films had been noted earlier 
11.  

Fig. 5 (a) & (b) shows the AFM images of PS 
films formed on textured and polished substrates 
respectively. In fig. 5(a), the presence of large 100 nm 
size pores are indicated at some regions. This is not seen 
in case of PS films formed on polished substrates (Fig. 
5(b)). The roughness factor is higher for PS films 
formed on textured substrates as compared to that on 
polished substrates indicating higher porosity. The 
roughness factor of PS films increases with increase in  

 
 
 
 
 
current density for both textured and polished substrates 
as also observed by others 12. 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

The presence of porous region leads to the 
lattice expansion of the PS film and elastic stress results 
due to the lattice mismatch between the PS film and the 
substrate. The bending of porous silicon layer due to 
stress developed by the pores formed at Id ~ 20 mA cm-2 
was determined for both polished and textured (100) 
silicon specimens. The radius of curvature was 
determined by the X-ray diffractometry method. The 
change in the orientation of the diffraction vector g for 
(400) planes was recorded in the symmetrical Bragg 
geometry as a function of the linear position of the 
wafer as it was traversed across the primary beam 13.     

Fig. 4 Scanning electron micrographs of porous silicon; (a) 
Polished substrate without PS formation; (b) Polished substrate, 
Id = 20 mA cm-2; (c) Textured substrate without PS formation; (d) 
Textured substrate, Id = 20 mA cm-2 and (e) At higher 
magnification; Textured substrate, Id = 20 mA cm-2 and (f) Cross-
sectional view, Textured substrate, Id = 20 mA cm-2. Fig. 5 Typical AFM images of porous (100) silicon 

specimens prepared at Id = 20 mA cm-2; (a) Textured 
substrate (b) Polished substrate.  

Fig. 6 Typical curvature plots of porous (100) silicon 
specimens prepared at Id = 20 mA cm-2; (a) Textured substrate 
(b) Polished substrate. 
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The initial (100) silicon blank wafers selected 
for the specimens were almost plane having radius of 
curvature of the order of a ~1000m. The plots (a) and 
(b) in Fig. 6 show the curvature plots for both polished 
and textured specimens, respectively. The positive slope 
for both the specimens indicate that the initial plane 
surface of the wafer has been bent into a convex shape 
(with respect to porous side) after anodization indicating 
the induced biaxial tensile stress due to pores. The 
significantly lower value of radius of curvature 
determined for as-polished sample (R= 35 m) compared 
to that of the textured sample (R = 192 m) confirms that 
the stress induced in textured specimens is significantly 
lesser compared to that of the polished specimens. 
Similar values for the radius of curvature were also 
obtained by Astrova et al.14 for as-grown PS films 
formed on (001) Si polished wafers using a similar 
technique. However, the actual value depends on the 
initial wafer bending, growth conditions, and 
particularly the current density, post growth treatment 
like annealing etc15, 16.  In this work, the effect of 
texturization on wafer bending between textured and 
polished specimens has been compared. Hence the 
higher radius of curvature can be attributed to the 
textured surface of the substrate. 

 
 
 

 
In order to further identify the chemical 

composition of our samples, we have investigated the 
Fourier Transform Infrared (FTIR) absorption spectra.  
Fig. 7((a) & (b)) shows FTIR absorption spectra for PS 
samples prepared at Id = 20 mA cm-2 on textured and 
polished substrates respectively. PS films prepared on 
textured substrates exhibit mainly Si-H related modes at 
~ 2105 cm-1 due to Si-H stretching mode 17, 910 cm-1 
due to Si-H2 scissors or Si-H3 symmetric or 
antisymmetric deformation 17, 18 817 cm-1 & 660 cm-1 
due to Si-H2 and Si-H wagging 18, 19  while for Si-O 
related modes are marked by a broad hump at ~ 1110 
cm-1 due to a bulk interstitial Si-O-Si  asymmetric 
stretching mode 17. However, PS films prepared on 
polished substrates exhibits mainly Si-O related peaks  
with a doublet showing peaks at ~ 2256 cm-1 which is 
attributed to Si-H stretching modes when the silicon is 

backbonded to oxygen atoms 20 and at ~ 2117 cm-1 due 
to Si-H stretching mode, broad peak at ~ 1192 cm-1 and 
a satellite peak at ~ 1010 cm-1 due to Si-O-Si  stretching 
mode and a weak contribution at ~ 879 cm-1 due to 
nonstretching Si-H modes19 and no signal of Si-H 
wagging modes between 600-700 cm-1 was observed 
(Fig. 7(b)). It is worthwhile to note that there is no 
signature of any O atoms backbonded to Si-H related 
mode at ~ 2250 cm-1 for PS films prepared on textured 
substrates (Fig. 7(a)). Another interesting difference 
noted in the FTIR spectra of PS films prepared on 
textured and polished substrates is the shift of Si-O 
related mode from 1110 cm-1 to 1192 cm-1 which 
indicates increase in the oxidation state (x) of the SiOx 
species 21. From the above results, it can be conjectured 
that there is a change in the surface passivation from 
hydrogen to oxygen-like species as we go from textured 
to polished substrate for PS films formed at same 
current density (Id ~ 20 mA cm-2) respectively. 

 
 

 
Fig. 8 shows a plot of sensitivity (∆R/R) versus 

Id for PS films prepared on textured substrates. For 
measuring the sensitivity to gases, the  PS samples were 
placed in a test chamber and diluted ethanol, methanol 
and water-vapors using argon as the carrier gas were 
passed over them and corresponding changes in 
electrical resistivity were monitored at different 
intervals of time. Resistivity studies reveal that PS 
sample prepared at Id = 20 mA cm-2 shows maximum 
and minimum sensitivity (∆R/R) values ~ 90% for both 
ethanol and humidity (Fig. 8, curves (a) & (b)) and ~ 40 
% for methanol gas respectively (Fig. 8, curve (c)). With 
increase in current density, the response time in general 
decreases and the sensitivity value increases for PS 
samples upon exposure to ethanol and humidity in 
particular. The results are supported by FTIR studies as 
well. The improved gas sensing properties are attributed 
to the formation of highly porous vertical layers 
separating macroscopic domains of nanoporous silicon 
as elucidated from TEM and AFM studies. 

Earlier attempts to initiate the pore formation at 
specific locations have not been successful 22. Pore size 
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can be experimentally varied between several microns 
to a few nm but the pores are initiated at random 
locations. On the textured surface, the nucleation of 
nanopores may be preferentially initiated at the 
boundaries between the pyramids. This would be 
assisted by the slower pore growth 23 on the denser 
<111> faceted surfaces compared to the <100> surface 
exposed at the boundaries. This may lead to partial 
merging of nanopores and the formation of a high 
porosity region, which can deform and release the stress 
at dimensions small enough to prevent macroscopic 
crack formation and fragility. This is consistent with our 
surface morphology studies where a deep macroscopic 
porous region is found between the pyramids and thus 
high porosity of PS films formed on textured substrates 
can be understood.  
 
4 CONCLUSIONS 
 

The visual observation of mechanically strong, 
stable surface bond configuration, smooth surface 
morphology, hydrogen-passivated PS surfaces  with 
improved gas sensing properties essentially conforms 
the viability of textured substrates as a requisite 
condition for the formation of highly luminescent, thick 
and stable porous silicon films. From SEM and AFM 
results, the improved properties of PS films formed on 
textured substrates can be attributed to the formation of 
a material with large (100 nm or more) region between 
pyramids which permits the formation of a plastic 
region capable of absorbing the intrinsic stress in the 
porous silicon nanowires and aids in the formation of 
thick films with better mechanical strength and more 
stable surface bond configurations. The results 
conclusively demonstrate the viability of surface 
texturization as a simple recipe for the formation of 
highly luminescent, thick and highly porous silicon 
films with superior morphological properties and 
stability. 
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Although much progress on understanding of the doped manganites has been reached in the last 
ten years, there still remain new phenomena unexplored. Here, we report on the ferromagnetic-insulating 
state and the positive magnetoresistance effect in (La,Ba)MnO3 (LBMO) films.  

The samples were epitaxially grown on LaAlO3 (100) substrates using ion beam sputtering 
technique. As it is quite unusual in doped manganites, our result showed that the ferromagnetic transition 
occurs at a Curie temperature TC=174 K, whereas the metal transition at TP=84 K. This implies that a 
ferromagnetic-insulating state exists in a wide temperature range.  

The result is interpreted in a percolative transport picture based on phase separation, in which 
the lattice mismatch between LBMO and LaAlO3 plays a crucial role. At T=TC, the isolated ferromagnetic-
metal (FM) clusters develop in the film, accordingly it enters ferromagnetic state with insulating transport 
behavior. With decreasing temperature further, the FM clusters expand and connect with each other to form 
a FM network at T=TP, hence explaining why the metal transition occurs at a temperature much lower than 
TC. Furthermore, another unexpected result is the positive magnetoresistance effect at temperatures below 
TP, i.e. in the metallic state. This is ascribed to an anisotropic magnetostriction in the FM clusters, i.e., the 
application of magnetic field, the FM clusters expand at longitudinal direction, whereas they shrink at 
transversal direction. The decrease of transversal connection in the FM network results in the increase of 
resistance in the film, i.e., positive magnetoresistance. The observed saturation of positive 
magnetoresistance can also be attributed to the collapse of the FM network under a critical field in this 
picture. 
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ABSTRACT 

 
Three new oxide semiconductors, (i) n-type amorphous oxide semiconductors (AOSs), (ii) layered oxychalcogenides 
LaCuOCh, and (iii) nano-porous semiconductor 12CaO· 7Al2O3 (C12A7), are introduced and their peculiar properties 
are discussed in comparison with conventional semiconductors based on their electronic structures. AOSs can have 
electron transport properties superior even to silicon if they are in amorphous states. Therefore AOSs are favorable for 
low-temperature thin film transistors. The layered oxychalcogenides are new transparent p-type semiconductors 
exhibiting large hole mobilities, degenerate p-type conduction, and room-temperature stable excitions, and is applied to 
an excitonic blue light-emitting diode. C12A7 have large electrical conductivities and low apparent work functions if 
electrons are doped. Applications to field-emission display devices and field-effect transistors are also shown. 
 
 
1 INTRODUCTION 
 
In the last decade, there has been large progress in oxide 
electronics, which has been driven by finding of the first 
p-type transparent oxide semiconductor (TOS) CuAlO2 

1, 
extensive development research on ZnO 2-4, fever of 
strong electron correlation systems 5 and so on. Many 
oxide-based optoelectronic devices, p-n junction 
rectifiers 6-11, ultraviolet (UV) light-emitting diodes 12,13, 
UV sensors 14-16, and thin film transistors 17-25, have been 
demonstrated to date. However, they have issues to be 
solved if we intend to apply them to practical devices, 
because similar devices are already in market using 
conventional semiconductors such as Si, GaAs and GaN 
with better performances. It would be difficult for the 
oxide-based devices to compete with the conventional 
devices if their targets are the same because electronic 
structures and opto-electronic properties of oxide 
semiconductors are very different from those of the 
conventional covalent semiconductors. 

Therefore, we have to seek new applications that 
only oxides can realize or oxides can find a clear 
advantage over the conventional devices. Thus, we 
should consider why we need to use oxides for 
optoelectronic devices? To our opinion, the most 
important feature of oxides is associated with a variety 
of crystal structures and constituent elements. Therefore 
oxides have many chemical, optical, electronic and 
magnetic functions, which would be favorable for 
developing multi-/coupled functional materials and 
devices. In addition, some oxides have peculiar 
nanostructures embedded in crystal structures (e.g. see 
refs. 26-29). These are the distinguishing features from 
conventional semiconductors because Si, GaAs, GaN 
and so on have almost the same crystal structure 
(remind that zinc blend and wurtzite-type structures are 
derivatives of the diamond structure). Although the 
present device technology fabricates quantum wells 
using time & money-consuming artificial superlattice 
processes, oxides might provide natural systems for the 

mesoscopic applications. Also we like to note that the 
other important feature is related to the strong ionicity 
of oxide: oxides can have large electron mobility even 
in amorphous structures due partly to the strong ionicity. 

In this paper, we introduce three new oxide 
semiconductors: (i) large-mobility amorphous oxide 
semiconductors (AOSs), (ii) p-type layered 
oxychalcogenides LaCuOCh (Ch = chalcogen), and (iii) 
a nano-porous semiconductor, 12CaO· 7Al2O3 (C12A7). 
Associated device applications, (i) transparent flexible 
thin film transistors (TFTs) using AOSs, (ii) excitonic 
light-emitting diodes (LEDs) using LaCuOCh, and (iii) 
field-emission display (FED) devices and field-effect 
transistors, will be shown. 
 
2 AMORPHOUS OXIDE SEMICONDUCTOR AND 
TRANSPARENT FLEXIBLE TFT 

 
2.1 AOS: New materials for flexible electronics 
 

We reported the fabrication and operation of fully 
transparent TFTs using InGaO3(ZnO)5 single-crystalline 
films for channels 22 (its crystal structure is shown in Fig. 
1(A)). They exhibited large field-effect mobilities for 
oxide TFTs, ~ 80 cm2/Vs at room temperature. In spite 
of the good characteristics, it would not be applicable to 
practical applications because it needs very high process 
temperatures > 1300 oC to produce the single-crystalline 
layer 30,31 and expensive single-crystalline substrates of 
yttria-stabilized zirconia (YSZ). Although it is possible 
to fabricate polycrystalline oxide TFTs using ZnO and 
InGaO3(ZnO)m at low temperatures including room 
temperature 20,25, here we like to propose that AOSs are 
promising for low-temperature processed applications 
because some AOSs have electron mobilities much 
larger than those of hydrogenated amorphous silicon (a-
Si:H) and organic semiconductors even if they are 
formed at room temperature 32-35.  
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Fig.1 Structures of (A) crystalline and (B) amorphous 
InGaO3(ZnO)1. The structure of amorphous 
InGaO3(ZnO)1 is build by a classical molecular 
dynamics simulation using MXDOrto 36,37. 
 
2.2 Electronic structure and unique carrier transport 
in amorphous oxide semiconductors 
 

We have reported that AOSs in Cd-Ge-O and In-
Ga-Zn-O (a-IGZO) systems exhibited large electron 
Hall mobilities 34,35. Figure 2 shows electron transport 
properties of a-IGZO with the chemical composition of 
InGaO3(ZnO)1. Figure (A) shows relationship between 
Hall mobility and electron concentration measured at 
room temperature for a-IGZO and crystalline 
InGaO3(ZnO)5 (c-IGZO) 38,39. Unlike conventional 
crystalline semiconductors such as Si, Hall mobility 
increases with increasing the carrier concentration even 
for the single-crystalline c-IGZO. Hall mobilities greater 
than 10 cm2(Vs)-1 are obtained when carrier 
concentration exceeds ~1018 cm-3 for both c-IGZO and 
a-IGZO. This result, the crystalline and amorphous 
IGZO films exhibit the similar carrier transport 
properties irrespective of the completely different 
atomic structures (Fig. 1), seems to be strange in 
comparison with silicon: e.g. it is known that a-Si:H 
silicon has much smaller mobilities (< 2 cm2(Vs)-1) than 
crystalline silicon has (~1500 cm2(Vs)-1 for intrinsic 
silicon). From temperature dependence of the carrier 
transport properties (Fig. 2(B)), it was found that the 
carrier transport in IGZO is controlled by thermal 
activation at low carrier concentrations while degenerate 
conduction is attained when the carrier concentration 
exceeds threshold values (Nth = 4×1018 cm-3 for a-IGZO). 
Similar behavior was observed in sc-IGZO (Nth = 3×1018 
cm-3). We found that these behaviors were explained by 
percolation conduction associated with the disordered 
structures in c-IGZO and a-IGZO. 

It would be interesting to compare these results 
with those of a-Si:H because a-Si:H is another candidate 
for low-temperature device applications. As explained 
above, the carrier transport properties are similar 
between crystalline and amorphous films for IGZO, but 
not for silicon. It was also found that tail-like states are 
formed around the conduction band bottom in c-IGZO 
and a-IGZO due to their structural randomness. Such 
tail-states are also found in a-Si:H. However, the tail-
like states in c-IGZO and a-IGZO are not localized and 
have exponential decays with small energy widths of 

~25 meV for c-IGZO and ~6 meV for a-IGZO. In a-
Si:H, its tail-state also has an exponential decay, but it is 
localized and the energy width in device-grade a-Si:H is 
much larger, ~ 45 meV. Degenerate conduction and 
large mobilities > 10 cm2(Vs)-1 are easily attained in a-
IGZO but degenerate conduction has never been 
attained in a-Si:H. In addition, a-IGZO works as 
semiconductor even if it is formed at room temperature 
without any defect passivation but amorphous silicon 
needs hydrogen passivation to reduce in-gap dangling 
bond levels40,41. It is reported that the electrical 
conductivity of a-Si:H can run up only to 0.1 S/cm, and 
the activation energies are leveled off around 0.2 eV 
because higher doping has never been achieved.  
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(m=1)10
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(B)(A)

 
Fig. 2 (A) Relationship between Hall mobility and 
electron concentration measured at room temperature 
for sc-IGZO and a-IGZO films. (B) Temperature 
dependence of electron mobility and concentration for 
a-IGZO films with varied electron concentrations. 
 

The similar carrier transport between the crystalline 
and amorphous oxides is qualitatively understood by 
considering carrier transport paths (see refs. 32, 35 and 
42). In silicon, carrier transport paths are formed by sp3 
hybridized orbitals. It forms periodic regular network in 
perfect crystals and carriers can flow with small 
scattering due to the periodic band structure: therefore 
crystalline silicon has the large mobility. However, in a 
disordered amorphous structure, the overlapping of 
wavefunctions between the adjacent sp3 orbitals varies 
largely because the sp3 orbitals have strong spatial 
directivity. It forms rather deep and high-density 
localized tail states. Consequently it causes hopping 
conduction and the low mobilities in a-Si:H. In oxides, 
the electron transport paths are formed by spherical s 
oribitals of metal cations. So the overlapping between 
the adjacent s orbitals is not affected largely by the 
disordered amorphous structure. Therefore, transport 
properties in amorphous phase would be similar to those 
in crystalline phase in oxides.  

The difference in the passivation behavior is also 
explained qualitatively from the different electronic 
structure 36. In Si, bonding and anti-bonding sp3 
hybridized orbitals form valence band maximum (VBM) 
and conduction band minimum (CBM), respectively. 
Therefore if a silicon vacancy is formed, the 
neighboring Si atom forms a non-bonding level 
(dangling bond) near the middle of the bandgap. If such 
deep levels are formed at a high density in the bandgap, 
the Fermi level can not be altered by impurity doping 
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and external electric field anymore; therefore such 
material does not work as semiconductor. If hydrogen 
atoms are introduced to a-Si, they form Si–H bonds and 
push the dangling bond levels out into the conduction 
band (CB) and valence band (VB) (hydrogen 
passivation). By contrast, in oxides, if an oxygen 
vacancy is formed, the non-bonding state of a metal 
cation can be in the CB or close to CBM in some oxides. 
In such cases, no deep level is formed and passivation is 
not necessary. It should be noted that real situation is 
not so simple and structural relaxation should be 
considered 27,44. 
 
2.3 Material exploration 

 
To develop high-performance flexible devices, we 

needed to find an AOS with the properties appropriate 
for practical TFTs that can be fabricated at room 
temperature. We have sought AOSs e.g. in an In2O3 – 
ZnO – Ga2O3 system (detail will be published in ref. 
46.). It was confirmed that amorphous films were 
formed at room temperature in all the compositions in 
this system except for those near pure ZnO and In2O3 
compositions. Hall mobilities greater than 10 cm2(Vs)-1 
were obtained in the films having small Ga2O3 
concentrations. It should be noted that we should be 
careful to interpret these data, because, as explained in 
the previous section, mobility in AOSs increases with 
increasing the carrier density, and therefore it is thought 
that these results are associated more with the carrier 
concentration of the films.  
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Fig. 3 (A) Relationship between Hall mobility and 
electron concentration measured at room temperature 
for a-IGZO and a-IZO films. (B) Relationship between 
room-temperature carrier concentration and oxygen 
pressure used for the film deposition. 
 

Anyway we found that large mobilities are 
obtained for AOSs in the In – Zn – O and the In – Ga – 
Zn – O systems. Figure 3(A) shows the relationship 
between carrier concentration and mobility for 
In2O3(ZnO)4 (a-IZO) and InGaO3(ZnO)1 (a-IGZO). It is 
seen that although both the materials have mobilities 
larger than 10 cm2(Vs)-1, a-IZO looks to have better 
properties. However, it is more difficult for a-IZO to 
suppress the carrier concentration down to well below 
1017 cm-3 (B), which is required to control TFT 
characteristics. It is still possible to suppress the initial 
carrier concentration by further increasing the oxygen 
partial pressure during the film deposition, but the films 
thus obtained were not stable and the electrical 
conductivity recovered to the large values. 

2.4 Flexible transparent thin film transistor 
 

Then we fabricated TFTs using the a-IZO films for 
channels and Y2Ox for gate insulator at room 
temperature. However, the on-off current ratios were 
only one order of magnitude, which is thought to reflect 
the large conductivity (i.e. high carrier concentrations) 
of the a-IZO channels. It was possible to reduce the off 
current in a-IZO TFTs by further optimization. In this 
case, we unexpectedly obtained abnormally large 
apparent field effect mobilities greater than 100 
cm2(Vs)-1. However, in such cases a large threshold 
voltage shift was observed in the hysteresis curve and 
the device characteristics were not stable. Therefore, we 
concluded the large mobility value is not likely the 
intrinsic performance of the device. 

From the results of the materials exploration, we 
finally chose a-IGZO from the viewpoints of 
controllability and stability of carrier concentration. 
Carrier concentration can be controlled at low values 
less than 1015 cm-3 in the a-IGZO films. In addition, it 
was also confirmed that the a-IGZO films form a very 
stable amorphous phase up to 500 oC. We fabricated 
TFTs using the a-IGZO films with a nominal chemical 
composition of InGaO3(ZnO)1 for channels at room 
temperature. Fully transparent flexible TFTs were 
fabricated using ITO for transparent electrodes for 
source, drain and gate contacts, Y2Ox for gate insulator 
and PET sheets for substrates (Figs. 4(A,B)). The 
transparent flexible TFTs exhibited good characteristics 
such as field-effect mobilities ~ 8.3 cm2(Vs)-1, and the 
characteristics were not changed largely by bending the 
TFT sheet (Figs. 4(C,D)) 42. Recently, the TFT 
characteristics have been improved, and field-effect 
mobilities ~ 12 cm2(Vs)-1 and on-off current ratios ~ 106 
are reproducibly available45. 
 

(C)(A)

(B)

VDS=4V

(D)

 
Fig. 4 Flexible transparent TFT using a-IGZO for the 
channel. (A) TFT structure. (B) The TFT device was 
measured at curvature radius of 60 mm. (C) Output 
characteristic. (D) Transfer characteristic. 
 
3 P-TYPE LAYERED OXYCHALCOGENIDE 
SEMICONDUCTOR AND EXCITONIC BLUE 
LED 

 
3.1 Optical and electronic properties and electronic 
structure 
 

Since the finding of the first p-type TOS, CuAlO2 
1, 

we have sought better p-type TOSs following our 
material exploration concept. We found that layered 
oxychalcogenides LaCuOCh would be a new promising 
candidate because they provide many interesting 
properties such as transparent p-type conduction, 
degenerate p-type conduction46, band tuning47, and 
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excitonic light emission at room temperature 47. And 
another similar material La2CdO2Se2 may be used for 
intrinsic light-emitting layer and electron blocking layer 
48. It should be noted that their crystal structures, where 
(La2O2) layers and (Cu2Ch2) layers are alternately 
stacked (see Fig. 5 for LaCuOCh), are essentially 
important to understand the peculiar optoelectronic 
properties. 

Cu

Ch

O
La

 
Fig. 5 Crystal structure of LaCuOCh. 

 
As noted above, LaCuOCh exhibits good p-type 

conduction. For example, undoped LaCuOS have a hole 
concentration of ~ 1019 cm-3 and Hall mobility of ~ 0.5 
cm2(Vs)-1 at room temperature. Mobility becomes larger 
with an increase in the Se content in LaCuO(S1-xSex) and 
reaches ~ 8.0 cm2(Vs)-1 in LaCuOSe, which value is 
comparable to that of p-type GaN:Mg. Another 
important property of these materials is that degenerate 
p-type conduction is achieved in Mg-doped LaCuOSe, 
while undoped LaCuOSe shows thermally-activated 
behavior in hole concentration at around room 
temperature 46 (Fig. 6(A)). This is the first degenerate p-
type conductor for wide bandgap semiconductors even 
including p-type Mg-doped GaN. 
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Fig. 6 (A) Temperature dependences of hole density and 
mobility for undoped LaCuOSe (open symbols) and 
Mg-doped LaCuOSe (closed symbols). (B) Optical 
absorption spectra of LaCuO(S1-xSex)  measured at 10 K. 
 

From the optical absorption spectra shown in Fig. 
6(B), we can see that LaCuOS is a transparent 
semiconductor having a bandgap about 3.3 eV. The 
bandgap of LaCuOSe is smaller, but still large (~2.9 eV). 
The optical absorption spectra also show another 
interesting feature: step-wise structures with sharp peaks 
just on the edges of the steps are observed 49. Such 
structure is similar to those observed in semiconductor 
artificial superlattices 50, and would reflect two-
dimensional density of states. The sharp peak features 
have been assigned to electron-hole pairs known as 
excitons from studies on photoluminescence (PL), 

optical nonlinear measurements and so on 51,52. It should 
be emphasized that the excitons are stable even at room 
temperature, which would be interesting because 
excitons are usually not so stable in solid inorganic 
semiconductors. Only ZnO is known to have room-
temperature stable exctions in oxide semiconductors. 

Here, we discuss the origins of these properties 
based on their electronic structures. The increase in the 
mobility with selenium content in LaCuO(S1-xSex) is 
explained by larger hybridization between Se and Cu 
than that between S and Cu, which increases the VB 
widths and reduces the hole effective mass 46.  

Next question is why the moderately large hole 
mobility of ~4 cm2(Vs)-1 is maintained in the heavily 
doped LaCuOSe:Mg having a carrier concentration 
greater than 1020 cm-3 although usually carrier mobility 
is significantly reduced by charged impurity scattering 
in such heavily-doped materials. Similarly, moderately 
intense excitonic PL is maintained in the heavily doped 
materials 47. The band structure in Fig. 7(A) shows that 
the VB dispersion of LaCuOCh is much smaller in Γ-Z 
direction than in Γ-X direction, suggesting that the 
electronic structure is highly two-dimensional 49,53. 
Partial density-of-state analysis showed that the band 
gap is formed almost solely of the (Cu2Ch2) layers (Fig. 
7(B)). The two-dimensional electronic structure is more 
clearly seen in the density map of holes in the vicinity of 
the VBM (Fig. 7(C)). Here, whiter area has higher-
density holes, showing that holes are confined in the 
(Cu2Se2) layers, which forms the hole transport paths. 
Multiple sharp peak features in the optical absorption 
spectra in Fig. 6(B) is explained by multiple excitonic 
levels split by spin-orbit interaction in Ch ions 49,54.  

This structure also explains why the moderately 
large hole mobility is maintained in the heavily-doped 
LaCuOSe:Mg. In that case, Mg ions are doped in the 
LaO layers and generate holes. The generated holes are 
transferred to the (Cu2Se2) layer because of the local 
band offset (Fig. 7(B)). It consequently separates the 
charged acceptors and the mobile holes, and suppresses 
the charged impurity scattering, which is an analogue to 
modulation doping in high electron mobility transistors 
and semiconductor artificial superlattices. 
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Fig. 7 (A) Band structure of LaCuOSe. (B) Schematic 
energy diagram near the bandgap. (C) Density map of 
holes. 
 

The energy structure analysis also explains why the 
layered chalcogenides have larger bandgaps than simple 
chalcogenides Cu2Ch: Cu2S and Cu2Se have rather small 
bandgaps of ~1.2 – 1.4 eV 55, but e.g. LaCuOS has 
much larger bandgap of ~ 3.1 eV at room temperature 
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although both the bandgaps of Cu2Ch and LaCuOCh are 
mainly determined by the CuCh components as 
explained above. Here we employ a family compound 
with a similar crystal structure, La2CdO2Se2, to answer 
to this question, because its CdSe layer has a similar 
structure to that in CdSe 48,54. Band structure 
calculations of La2CdO2Se2 and CdSe showed that the 
VB widths are not largely different, but the CB width is 
much smaller in La2CdO2Se2 than in CdSe. That means, 
the two-dimensional network structure of the CdSe layer 
in La2CdO2Se2 reduces the CB dispersion and causes the 
large bandgap. It suggests that employing a low-
dimensional structure is an effective approach to design 
new wide bandgap semiconductors. 
 
3.2 Excitonic blue light-emitting diode 
 

We reported the demonstration of the first UV 
LEDs using n-type light-emitting ZnO / p-type electron-
injection SrCu2O2 junction 12. In this LED structure, 
holes must be injected to the n-type ZnO layer to emit 
light, but holes are much slower than electrons in usual 
oxides, which limits light-emission efficiency. 
Therefore it would be more favorable to use a p-layer 
for a light-emitting layer. Following this consideration, 
we expect that LaCuOCh would be a candidate for 
oxide-based LEDs. 

We fabricated p / n junction LEDs using LaCuOSe 
for light-emitting p-layer (Fig. 8(A)). A-IGZO was 
employed for the electron-injection n-layer in this case. 
It exhibited sharp blue emission originating from the 
exction in LaCuOSe at room temperature (B) 56. 
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Fig. 8 (A) LED structure. (B) PL and 
electroluminescence (EL) spectra from the LED. 
 
4 NANOPOROUS SEMICONDUCTOR C12A7 
AND ITS APPLICATIONS TO FED AND FET 

 
4.1 Properties of C12A7-derived materials: 
Functions originating from clathrated anions 
 

In this section, we introduce a crystal having a 
zero-dimensional natural nanostructure. The crystal 
structure of C12A7 is shown in Fig. 9(A). The cubic 
unit cell consists of twelve cages (~0.4 nm in inner 
diameter, (B)). As the cage framework is positively 
charged at +1/3e per cage, two cages out of the twelve 
cages clathrate an O2- ion each (free oxygen ions).  

O
Al

Ca

(A) (B)

 
Fig. 9 (A) Crystal structure of C12A7 and (B) a cage 
structure. 

 
This exotic structure led to the appearance of many 

new functions by replacing the free oxygen ions with 
other active anions. Abundant O- ions are formed at 
~2×1020 cm-3 if C12A7 is annealed in a dry oxygen gas 
at 600 – 800 oC.  O- ion is known as the ‘strongest 
oxidant’ among the known active oxygen species, and it 
is possible to oxidize even platinum metal 57. 
Substitution of the free oxygen ions with hydrogen 
creates high-density H- ions in the cages (C12A7:H-). 
C12A7:H- is an electrical insulator like stoichiometric 
C12A7 and C12A7:O-, while it exhibits persistent 
electronic conduction and coloration after irradiated 
with UV light 58 or electron beam 59 (mechanism is 
discussed in ref. 60). The conductivity increases to > 0.3 
Scm-1 (Fig. 10(A)) and new optical absorption bands 
appear at the same time at ~0.4 eV and 2.8 eV (B). It is 
recovered to the insulating and colorless transparent 
state by heating at ~ 350 oC. Further it is possible to 
replace all the free oxygen ions with electrons 
(C12A7:e-), which forms a new inorganic electride 61 
(“electride” is a crystalline salt in which stoichiometric 
amounts of electrons are served as anions 62,63). 
C12A7:e- exhibits electronic conduction with 
conductivities greater than 100 Scm-1 without UV 
irradiation (A). 
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Fig. 10 (A) Electronic conductor conversion and (B) 
coloration in C12A7:H- and C12A7:e-.  

 
These functions originate from the exotic active 

anions clathrated in the cages of C12A7. It was found 
that unusually shallow Madelung potential in the cages 
stabilizes these exotic anionic states 64,65. Carrier 
transport mechanism in C12A7:e- is discussed using ab-
initio embedded cluster calculations and a polaron 
conduction mechanism is proposed 66,67. 

 
4.2 Electronic structure and device applications 
 

The band structure of C12A7:e- was calculated by 
an ab-initio code WIEN2k (Fig. 11(A)). It shows that 
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the Fermi level is located at 1 – 2 eV below the edge of 
the fundamental bandgap of the cage framework 68. The 
density map of the clathrated electrons (B) shows that 
the electrons are loosely confined in the cages. 

Such electronic structure lets us expect that 
C12A7:e- might have a small work function and exhibit 
good electron emission properties. Indeed efficient 
electron emission was observed even at room 
temperature 68. Field emission-type light-emitting 
devices displayed bright light emission clearly visible in 
typical ambient light (C). The work function estimated 
from the electron emission characteristics provided very 
small values of ~ 0.6 eV. By contrast, ultraviolet 
photoelectron spectroscopy gave a larger work function 
value of ~ 3.7 eV. We speculate this discrepancy arises 
from surface band-bending and structural relaxation of 
the flexible cage structures. 

It was also confirmed that the electrically 
conductive C12A7:e- works as a channel of a field-
effect transistor 69, which is expected for 
electrochemical devices in which chemical activity is 
controlled by external gate bias. 

 
higher density

(A) (B)

(C)

 
Fig. 11 (A) Band structure of C12A7:e-. The bands 
around the Fermi level (EF) are those of the electrons 
clathrated in the cages. (B) Density map of the 
clathrated electrons. Blue region shows higher electron 
density areas. (C) Operation of field-emission display 
device using C12A7:e- as electron emitter. ZnO:Zn was 
used for phosphor. 
 
5 SUMMARY 

 
We have explored new transparent oxide 

semiconductors and fabricated devices utilizing unique 
features inherent to these materials. In this review, we 
showed three new materials, amorphous oxide 
semiconductors, layered oxychalcogenides and a 
nanoporous semiconductor. We like to note that oxides 
can have many advantages over conventional materials 
and devices if we find suitable applications. If we limit 
an application to low-temperature devices, amorphous 
oxides have many advantages, such as a large mobility, 
a simple device process without passivation, and 
transparency. If we intend to develop optoelectronic 
devices in short wavelength region, oxide-based wide 
bandgap semiconductors, such as LaCuOCh and Ga2O3 
(FET is reported in ref. 60), may be promising 
candidates. In addition, use of low-dimensional or nano-

structures naturally formed in oxides would provide 
flexibility for simultaneous control of multiple 
properties as explained for C12A7. 
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Magnetoelectrics are characterized by a coexistence of ferroelectric and ferromagnetic orderings. Discovery 

of the induction of polarization by a magnetic field and of a magnetization by an electric field created a lot of 
excitement in the 1960s. The cross-link between magnetic and electric properties opened new degree of freedom for 
device designing. However, in real life the lack of materials exhibiting magnetoelectric behavior at room 
temperature restricted their usage in device applications. The shortage of magnetoelectric materials is due to the fact 
that transition metal d electrons, which are essential for the presence of magnetic moment, reduce lattice distortion, 
which is essential for ferroelectric behavior. As a result, additional structural or electronic driving force is required 
for ferroelectric and magnetic ordering to occur simultaneously at room temperature. The hetero-structures of 
piezoelectric and magnetostrictive phases, which could be electromagnetically coupled via stress mediation, are 
therefore used as an alternative to create ME effect. But the structural non-compatibility and reactivity between two 
materials and also with the substrate, generates immense difficulties in growing hetero-structures and achieving 
coupling between the two order parameters. 

Recently, we have been able to show that Tb doping at Bi site induces ferrimagnetism in antiferromagnetic 
BiFeO3 without disturbing ferroelectric properties. We are also successful in converting ferroelectric PbTiO3 to a 
compound with superior magnetoelectric properties. Remarkably, in this newly synthesized compounds both 
magnetic (TM) and ferroelectric transitions (TC) occur above room temperature. The observed coupling between the 
two order parameters is an added advantage in device fabrications. The talk will cover the interesting observations 
made at both micro as well as microscopic levels in these novel compounds. 
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ABSTRACT  
 
Spintronic devices envisage to exploit the spin degree of freedom of charge carriers in new generation of 
ultra- low power,  high speed memory, logic and photonic devices. Ferromagnetic semiconducting oxides 
which are magnetic at RT could be ideal spintronic materials on account of compatibility with existing 
semiconductor electronics. However, the lack of reproducibility and the question mark over the origin of 
ferromagnetism offer challenges in their development. Meanwhile development of devices based on 
existing spintronic devices based on magnetoresistance in multilayers has made substantial progress and 
magnetoresistive random access memories (MRAM) based on magnetic tunnel junctions may soon be 
hitting the market. In this paper the development various spintronic materials beginning with 
magnetoresistance based materials and the advantages and the challenges in the oxide based 
semiconductors is discussed.  
 
1 INTRODUCTION 
 
At present, the semiconductor electronic and 
photonic devices utilize the charge on electrons 
and holes to  perform the basic functions such as 
signal processing and light emission. Spintronic 
devices envisage to exploit, in addition, the spin 
degree of freedom of charge carriers in new 
generation of ultra- low power,  high speed 
memory, logic and photonic devices1-2. The 
utility of such devices evidently depends on the 
availability of materials with magnetic ordering 
above room temperature. Ferromagnetic 
semiconducting oxides such as Co and Mn 
doped ZnO are among the few semiconducting 
materials which have exhibited ferromagnetism 
above room  temperature with potential for 
realistic applications, albeit with question marks 
over the origin of ferromagnetism and  
reproducibility.  
 
A generic requirement for spintronics is the 
ability to store, transport and manipulate spin in 
semiconductors. The current interest in magnetic 
semiconductors can be traced to the difficulties 
in injecting spins from ferromagnetic metal to 
semiconductors. The compatibility of 
ferromagnetic semiconductors with existing 
semiconductor electronics and photonic 
technologies provide a strong motivation for 
their incorporation.  
 

Ferromagnetism in dilute magnetic 
semiconducting oxides is hailed as the most 
intriguing and challenging discovery in 
magnetism so far in the 21st century3. The 
existence of ferromagnetism above room 
temperature on doping ZnO with a few percent 
of Co, which is well below the percolation 
threshold, cannot be explained by conventional  
theories of ferromagnetism.  In the case of Mn 
doped III-V semiconductors such as GaMnAs,  
the observed ferromagnetism has been explained 
as hole mediated. However, ferromagnetism has 
been observed in samples that have very low 
hole concentrations,  insulating materials and n-
type materials4-5. Thus the study of 
ferromagnetic semiconducting oxides is equally 
fascinating from the point of view of 
fundamental physics.         
 
Although ferromagnetic semiconductors hold 
considerable promise as the ideal spintronic 
materials, there is still a long way to go before 
they actually reach the level of  commercial 
application. In fact considerable progress has 
already been made in the commercialization of 
the concept of spitronics ever since the discovery 
of Giant Magnetoresistance (GMR) and we all 
have a spintronics based device on our desktop 
in the form of read heads in our computers,  
since  all modern computers use GMR spin 
valves for the read heads of the hard disc. GMR 
is the result of spin dependent conduction and 
the existence of spin polarized currents in 
ferromagnetic metals. Our approach in this paper 



will be to begin with a discussion on the  existing 
spintronics based  structures based on GMR, 
such as the conventional spin valves and 
magnetic tunnel junctions and the current status 
of research on them including some of our recent 
results. We will then go on to  discuss the 
spintronic materials with greater spin 
polarizations such as colossal magnetoresistance 
(CMR) materials and half metallic materials and 
finally the ferromagnetic semiconducting oxides 
which would be the ideal spintronic materials if 
they can be consistently prepared with 
ferromagnetism  at RT.  
 
2 GMR AND SPINTRONICS 
 
The first step on the road of the utilization of the 
spin degree of freedom was the discovery of the 
Giant Magnetoresistance (GMR) in 1988 in 
magnetic multilayers6.  A magnetic multilayer is 
a film composed of alternate ferromagnetic and 
nonmagnetic layers, Fe and Cr for example. The 
resistance of such a multilayer is lowest when 
the magnetic moments of ferromagnetic layers 
are aligned, and highest when they are 
antiparallel. As the relative change of resistance 
can be as high as 200%, this effect has been 
called GMR.  
 
Although GMR was first discovered in 
antiferromagnetically coupled multilayers, it was 
soon realized that the requirement for GMR is 
the ability to change the  magnetization direction 
of the magnetic entities, be it layers or clusters, 
by applicaton of a magnetic field. This lead to 
the development of a variety of structures such 
as spin valves, granular materials and  
discontinuos multilayers7-9. In specially designed 
multilayers, known as spin valves, the magnetic 
configuration can be switched between parallel 
and antiparallel configuration by a field of only a 
few Oersted, so that a large change of resistance 
can be induced by a very small field.  
 
The first spintronic device has been based on 
spin valve multilayer structure,  in the form of 
read heads in computers. The spin valve 
structure has proved to be extremely versatile 
from both scientific and technological points of 
view. It initiated unprecedented amount of 
research activities for the understanding of the 
exchange anisotropy and exchange bias in 
AFM/FM (antiferromagnet/ferromagnet) coupled 
layered structures. Exchange bias which 
manifests as a shift of magnetic hysteresis loop 
from zero field, is a critical parameter for the 

stability of spin valves, the microscopic origin of 
which is yet to be understood. Considering the 
significance of exchange bias in spin valve 
devices, we will discuss the spin valve structure 
and its relevance in a little detail.     
 
2.1 Spin valve structure 
 
A spin valve multilayer structure consists four 
layers : two soft ferromagnetic layers separated  
 

Fig.1 Spin valve structure showing various 
layers  
 
by a  nonmagnetic (FM) layer e.g. NiFe/Cu/NiFe 
(where NiFe is the permalloy). One of the  
ferromagnetic layers is coupled to an 
antiferromagnetic (AFM) layer e.g. FeMn to 'pin' 
its magnetization (pinned layer) with respect to 
that of the other FM layer (free layer) by 
exchange bias. The magnetization direction of 
the free layer with respect to the pinned layer   
can be changed from antiparallel to parallel by 
applying magnetic fields of the order of a few 
Oersteds only, leading to fall in resistance of the 
spin valve structure, giving rise to high 
magnetoresistance sensitivity required for the 
sensor.  
 
2.2 Exchange bias in spin valves 
 
A critical property that gives stability to a spin 
valve sensor is the exchange bias of the pinned 
layer which manifests as a shift of its  hysteresis 
loop from zero field. The exchange bias is an 
interfacial phenomenon believed to be arising 
due to the presence of uncompensated spins at 
the AFM/FM interface.   
 
Many of the present day spin valve sensor 
devices use FeMn or IrMn alloy as the 
antiferromagnetic layer to provide exchange 
bias.  These materials need a (111) seed layer to 
grow the antiferromagnetic phase. NiFe is the 
most widely used seed layer. As a result, these 
spin valve devices consist of a NiFe/FeMn/NiFe 

Free layer 
Non mag. Layer Nonmag. layer 

Antiferro 
layer  

Pinned layer  



trilayer.  When this trilayer is present in spin 
valves,  the seed NiFe layer  gives rise to its own 
exchange biased hysteresis loop in addition to 
the loop corresponding to the pinned NiFe layer 
and has lead to conflicting results on pinned 
layer bias. Therefore a detailed understanding of 
the exchange bias development in this trilayer is 
of both basic and technological interest.     

 
Fig. 2 Magnetic hysteresis loop of the 
NiFe/FeMn/NiFe trilayer for a seed layer 
thickness of 4 nm and pinned layer thickness 
of 5 nm showing the two biased loops and 
greater bias for the seed layer.    
 
We carried out a systematic investigation of 
exchange bias variation of the NiFe/FeMn/NiFe 
trilayer as a function the thickness of the three 
constituting layers in the 2 to 20 nm thickness 
range, in multilayers prepared by rf magnetron 
sputtering in presence of a constant magnetic 
field of 60 Oe.  
 
In the thickness variation studies of all the three 
magnetic layers, interestingly,  we observed that  
the seed NiFe layer shows greater bias (150 Oe) 
than the top pinned NiFe layer (80 Oe only) as 
seen in Fig. 2.  The greater bias observed for the 
seed NiFe layer is attributed to its growth over a 
saturated (111) oriented NiFe seed layer, which 
induces formation of interfacial FeMn layers 
with a net parallel spin ordering, in presence of 
the constant applied field. On the other hand, at 
the top FeMn/NiFe surface, the rigid FeMn 
surface with compensated bulk spin ordering 
formed already, is not easily biased and 
reoriented along the top NiFe layer to develop as 
much parallel net spins in the AFM and hence 
lower bias10.  
 
Consistently low bias observed for the top NiFe 

layer in the trilayer which forms the pinned layer 
in the spin valve structure could have 
technological implication because a greater bias 
for the pinned layer is critical for the stability of 
spin valve based devices. The study underlines 
the importance of field cooling even if the MLs 
are grown under small applied fields.    
 
3. MAGNETIC TUNNEL JUNCTIONS 
 
The magnetic tunnel junction (MTJ) is the 
second type of spintronic device with 
considerable potential. MTJs exhibiting large 
tunneling magnetoresistance (TMR) are 
promising nanostructures for magnetic random 
access memories (MRAMs) and they can also  
replace the conventional spin valves, discussed 
above.  MTJ is a structure in which two 
ferromagnetic layers (electrodes) are separated 
by a very thin insulating layer, commonly 
aluminum oxide. The electrons can tunnel 
through the insulating layer and, because the 
probability of tunneling from a ferromagnetic 
electrode depends on the spin direction, the 
resistance of the MTJ is different for the parallel 
and antiparallel orientations of the magnetic 
moments of the electrodes. For electrodes of 
conventional ferromagnetic alloys, the relative 
change of resistance (Tunnel Magnetoresistance 
or TMR) can reach 70% at room temperature. 
MTJ of very small size, below the micron range, 
can be fabricated by lithographic techniques and 
an important application of these small size MTJ 
will be for the nonvolatile computer memory, 
MRAM (Magnetic Random Access Memory). 
 
3.1 Interlayer Interactions in MTJs 
 
MTJs also have a  spin valve multilayer structure 
for improved performance. They generally have 
a complicated multilayer structure to optimize 
several parameters related to tunneling 
conduction even though the basic requirement is 
just two ferromagnetic layers such as NiFe or 
CoFe  separated by an insulating layer such as 
alumina. The insulating layer is prepared by 
oxidation of a thin Al layer of a few Å thickness 
and the formation a good insulating layer is key 
to achieving good tunneling conductance.  
 
MTJs exhibit two types of coupling between 
magnetic layers. An interlayer coupling between 
pinned layer and the free layer through the 
insulating Al2O3 layer which manifests as a shift 
in the magnetization loop of the free layer from 
zero field. It is supposed to be due to Neels 

-300 -200 -100 0 100 200 300

-0.0020

-0.0015

-0.0010

-0.0005

0.0000

0.0005

0.0010

0.0015

0.0020

4 nm

5 nm

M
A

G
N

E
T

IC
 M

O
M

E
N

T
 (

em
u

)

MAGNETIC FIELD (Oe)



orange peel coupling originating from interfacial 
morphological corrugations.  In addition to the 
interlayer coupling MTJs also exhibit the  
exchange bias of the AFM/FM bilayer 
characteristic of the spin valve structure which is 
known as the   'interfacial coupling'.  
 
We have investigated the development of 
interfacial and interlayer exchange coupling in 
MTJs synthesized at low deposition fields of 30 
Oe  in the as-deposited state and  annealed state 
with the help of MR and magnetization 
measurements11. Tunnel junctions with the 
structure Ta (50 Å)/Cu (100 Å)/Ta (50 Å)/Ni-Fe 
(20 Å)/Cu (50 Å)/ IrMn (100 Å)/Co70Fe30 (25 
Å)/Al-O/Co70Fe30 (25 Å)/ Ni-Fe (600 Å)/ Ta (50 
Å)     were    prepared   on   thermally oxidized 
Si wafers using DC magnetron sputtering in a 
chamber with a base pressure of 3 × 10-9  Torr. 
For barrier formation, a 15 Å thick metallic Al 
film was deposited and  subsequently  oxidized  
in an oxidation chamber . 
 
The exchange bias coupling between the 
antiferromagnetic pinning IrMn layer and the 
CoFe ferromagnetic layer is negligible in the as-
deposited sample  presumably due to the small 
magnetic field of 30 Oe employed during sample 
deposition which apparently is not sufficient to 
develop exchange bias.  
 
After field annealing and cooling in presence of 
1 kOe field MTJs develop exchange bias of 1.5 
kOe and large TMR values. The Tunneling 
magnetoresistance (TMR) curve in Fig.3   shows 
a large TMR value around 35% and a sharp 
switching near zero field for the free layer with a 
small  coercivity of 3Oe. The small shift of the 
center of the MR loop by about 5 Oe from zero 
field is indicative of the Neel interlayer coupling. 
This seemingly  small  shift affects the device 
performance because of the very sharp switching 
of magnetization in MTJs near zero field and the 
very high sensitivity. Efforts are on to neutralize 
its effect and improve device performance.  
 
3.2 Investigations on patterned MTJs  
Magnetic, microstructural and magnetotransport 
studies are usually reported for the multilayer 
(ML) films as a whole and not for the 
micrometer sized patterned junctions. The size 
and shape of the junctions modify properties, and 
localized properties at the junction eventually 
determine the device stability and performance, 
irrespective of the properties attained in the 
initial     film     and     hence    s uch      studies  

 
Fig. 3 TMR curve of the MTJ after field 
annealing and cooling at 250 °°C.  
are extremely important for devices. We 
measured the local M-H loops on the free layer 
of magnetic tunnel junctions of different sizes, 
180, 250, 320 and 380µm using a magneto-optic 
Kerr effect (MOKE) system with 2µm spatial 
resolution, and attempted its  correlation with the 
surface  roughness  estimated from  AFM 
observations12.  
  
The interlayer exchange coupling HE, measured 
from the zero field shift of minor MOKE loop, 
increases gradually from junction edge, reaches a 
maximum of about 7.5 Oe at the junction centre 
and then falls off gradually as we approach the 
other edge, in the as-deposited sample (Fig.4). 
After annealing, the relatively irregular variation 
in the as-deposited sample smoothes out and 
increases from 5 Oe at the edge to show a 
maximum of 20 Oe at the junction center.  
 

0 50 100 150 200 250 300 350

0

5

10

15

20
 

H
E
 (

O
e)

y-distance (µm)

 T
a
=200 oC

 As-dep.

 
Fig.4 Variation of  interlayer coupling over a 
ptterned junction.  
 
4 CMR MATERIALS AND HALF METALS 
 

-20 -10 0 10 20
-5

0

5

10

15

20

25

30

35

 

 

M
R

 (
%

)

Magnetic Field (Oe)



In 1994 a colossal magnetoresistance effect 
(CMR) was reported with observed MR ratios 
exceeding 100,000% in LaxCa1-xMnO3 type thin 
films with perovskite structure arising due to the 
presence of Mn3+/Mn4+ mixed valence state13. 
However, the effect is observed at low 
temperatures in presence of very high applied 
fields of the order of a few teslas and so the 
application potential is limited.   
 
Another important research direction in 
spintronics has been the search for  
ferromagnetic materials providing higher spin 
polarizations than conventional metals like 
cobalt or iron. The search has been on for half 
metallic materials with a spin polarization of 
100% at their Fermi level. Apart from the 
Heusler alloys, Lanthanum strontium manganese 
oxide (LSMO), CrO2  and Fe3O4 are being 
investigated in detail.  
 
5SPINTRONICS AND SEMICONDUCTORS 
 
Whereas the metallic spin devices just described 
provide new ways to store and read information 
in hard discs, tapes or MRAM, semiconductor-
based spintronics may offer a greater wealth of 
possibilities. Why is spintronics with 
semiconductors interesting? Semiconductor-
based spintronics could combine storage, 
detection, logic and communication capabilities 
on a single chip to produce a multifunctional 
device that could replace several components. 
For example, it could permit a better integration 
between MTJ and silicon-based electronics than 
in the present prototypes of MRAM.  
 
A longer term possibility is the exploitation of 
the truly quantum-mechanical nature of spin and 
the long spin-coherence time in confined 
geometry for quantum computing in an even 
more revolutionary application. 
 
As mentioned in the beginning, for practical 
applications, electrical injection and detection of 
spin currents is essential.  The most direct way 
for spin injection would seem injecting from a 
classical ferromagnetic metal in a 
metal/semiconductor heterostructure but this 
raises difficult problems related to the difference 
in conductivity and spin relaxation time in 
metals and semiconductors. Magnetic 
semiconductors can be associated more easily 
with nonmagnetic semiconductors for spin 
injection. GaAs doped with Mn is an archetypal 

DMS which presents ferromagnetic properties up 
to 150 K.  
 
6 FERROMAGNETIC SEMICONDUCTING 
OXIDES 
 
In 2000, Dietl in his classic paper predicted  
several compounds which are promising for 
room temperature ferromagnetism including 
transition metal doped semiconducting oxides14. 
It lead to the  great  interest in these materials as 
potential spintronic materials. However, in the 
absence of an evident exchange mechanism 
which could account for a high Curie 
temperature at doping levels far below 
percolation threshold, the origin of 
ferromagnetism in these oxides is being debated 
on account of the lack of reproducibility and 
observation of  TM nanoclusters in many  cases.  
Recently we have prepared bulk ZnO doped with 
5-20% Co by a citrate precursor method that 
shows no indication of any Co clusters or 
additional phases. The powder material shows 
ferromagnetism at room temperature and a clear 
indication of Co substitution at the tetrahedral 
site in the wurtzite structure in spectroscopic 
studies.  
 
6.1Preparation of Co-ZnO 
 
The samples were prepared by decomposition of 
a citrate precursor. Aqueous solutions of  zinc 
acetate and cobalt nitrate in required 
stoichiometric ratio were reacted with 1:1 molar 
ratio of citric acid in aqueous solution. The pH of 
the solution was controlled at 7. The dried 
precursor was heat treated in the temperature 
range of 300 to 700 °C  to obtain the Co doped 
ZnO powder.  
 
6.2 XRD studies 
The  XRD  patterns of   all  the  powder  samples 
showed reflections characteristic of wurtzite ZnO 
structure with  no additional lines, as seen in  the  
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Fig. 5 XRD pattern of the Co0.1Zn0.9O sample 
annealed at 500 °°C  
 
typical XRD pattern in Fig. 5 for the sample 
annealed at 500 °C. The d-values in the 
characteristic wurtzite spectra show a systematic 
shift towards lower values with increasing Co 
substitution, which is a clear indication of the 
substitution of Zn2+ ions  with Co2+ ions.     
 
6.3 Spectroscopic studies 
 
The UV-Vis-near IR spectra of the 5% Co 
substituted  ZnO sample is shown in Fig. 6. The 
absorptions at the 570, 615, 660 nm and in the 
1200 to 1600 nm range are identified as d-d 
absorptions corresponding to  Co2+  ions in the 
tetragonal crystal field: Thus the spectra give 
clear evidence  that the Co enters the tetrahedral 
site in the wurtzite structure.   

 
Fig. 6 UV-Vis -near IR spectra of the 5% Co 
substituted  ZnO sample. 
 

 
 
Fig.7 Magnetization curve at RT of the 250 °°C 
annealed, 10% Co substituted ZnO sample  
 
6.4 Magnetization studies 
 
A typical magnetization curve for the 10% Co 
substituted ZnO powder recorded on a vibrating  
sample magnetometer at RT show ferromagnetic 

behavior with a coercivity of around 100 Oe.  
The samples show ferromagnetism for Co 
substitution up to 15% in our studies. The 
exchange interactions  in these materials may be 
mediated by carriers in  spin split impurity 
bands3.   
 
7 CONCLUSIONS 
  
Ferromagnetic semiconductors do hold 
considerable promise as the ideal spintronic 
materials but there is still a long way to go 
before they actually reach the level of  
commercial application. The existing spintronic 
applications based on metallic magnetic 
multilayers are likely to be improved for realistic 
applications until the semiconducting oxides are 
produced with reliable and reproducible 
ferromagnetic properties above RT.   
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A Photopolymer based Holographic Machine Readable Security System 
for Variable Data Storage and Encryption 
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Developments in digital imaging and image processing resulted in large scale counterfeiting of 
branded products, forgery of documents, tax labels and other such security materials and today holography 
is a proven and internationally accepted technique that is effectively applied to prevent counterfeiting and 
forgery and to facilitate authentication. On the whole, a security hologram - 2D/3D, dot-matrix or e-beam 
originated - or other similar diffractive OVDs, contain only fixed data, making direct primary verification, 
or second level expert verification, through micro and covert features, possible.  However, the requirement 
to incorporate machine-readable variable data in security holograms is a really pressing one. Apart from 
security, such holograms with machine readable variable data facilitate automation, easy tracking, effective 
maintenance of inventory at various levels; knowledge based identification and added protection. Presently 
conventional holographic security labels generally do not carry machine-readable variable holographic 
content. Current technique of mass production through soft or hard embossing from electroformed metal 
master is not amenable to incorporate machine-readable variable data. As a possible alternative, laser 
engraved serial numbering is used as a humble step forward in this direction.  

On the other hand photopolymer materials are gaining great importance in optical data storage and 
security applications. The paper reports about a photopolymer based machine readable holographic system 
that can encode variable optical data content such as variable keys, serial numbers etc., in tape format, for 
security holography.   
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The need for optoelectronic devices operating in the blue and UV region has aroused much interest for 

wide band gap semiconducting materials. Most of the transparent conductive oxides are n-type. The recent 
development of p-type transparent semiconducting oxides (TSO) provides a route for the realization of transparent 
electronic and optoelectronic device.  The first observation of p-type conductivity in transparent CuAlO2

1 delafossite 
thin films was followed by reports of similar p-type TSO’s like CuScO2, CuGaO2, CuYO2, CuCrO2 etc. All oxide 
transparent pn junctions have been realized using n-ZnO/p-ZnO2, and p-CuYO2/n-ZnO3.  Bipolarity has been 
reported for CuInO2

4 delafossite system with promise of a transparent pn homojunction.  The AMO2 class of 
material has delafossite structure where M is trivalent ion and A is monovalent (Cu/Ag) ion.  So far, p-type 
conductivity has been reported only for the copper delafossites. The silver delafossite (AgMO2) TSO’s are reported 
to be n-type. In this paper we report the synthesis of certain silver delafossite compounds by ion exchange reaction 
and by hydrothermal reaction.   Thin films of these silver delafossites were prepared by rf magnetron sputtering and 
pulsed laser deposition of sintered targets.  The films were about 50-60% transparent in the visible region and the 
carriers responsible for conduction are holes as evident from the thermo power measurements.  All oxide transparent 
pn junctions were fabricated using the ZnO as the n-type TSO and the silver delafossite as the p-type TSO.  The 
current voltage characteristics show that the junction is rectifying.  The turn on voltage of the heterojunction is 1V.  
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OF ITO THIN FILMS 
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ABSTRACT 

 
Indium Tin Oxide (ITO) thin films were deposited on glass substrates by RF magnetron sputtering of ITO target 
containing 95wt% In2O3 and 5wt% SnO2. The dependence of the process parameters such as target to substrate spacing, 
substrate temperature and RF power on the properties of the films was investigated. A target to substrate spacing of 4cm 
and a substrate temperature of 1500C was found to be better for getting good quality films. The ionic species present in 
the RF plasma were analyzed in detail by recording the Optical Emission Spectra (OES) of plasma plume generated by 
RF sputtering of Indium Tin Oxide (ITO) target using a 0.32m monochromator and CCD detector.  
 
         
 
 
INTRODUCTION 

 
Materials displaying the remarkable 

combination of high electrical conductivity and optical 
transparency form the basis of many important 
technological applications including Flat Panel 
Displays, solar energy captures and many other 
optoelectronic devices 1. These seemingly contradictory 
properties of close to metallic conductivity in a material 
simultaneously exhibiting almost complete non metallic 
transparency form the basis of numerous applications in 
contemporary and emerging technologies.   Although 
partial transparency, with acceptable reduction in 
resistivity, can be obtained for very thin metallic films, 
these properties cannot be attained in intrinsic 
stoichiometric materials. The only way this can be 
achieved is by creating electron degeneracy in a wide 
bandgap material by controllably introducing non-
stoichiometry and/or appropriate dopants. These 
conditions can be conveniently met for ITO as well as a 
number of other materials like Zinc oxide, Cadmium 
oxide etc.  Of these, Indium Tin Oxide (ITO) is an 
attractive material for optoelectronic applications2. It 
has got an excellent adherence to glass substrate and is 
chemically inert. The electronic band structure is one of 
the important factors determining the unique interplay 
between the optical absorption and conductivity in this 
material 3. 
 

Extensive work on the development of ITO 
films has been carried out by various workers4-8. Most 
of the thin film growth methods involve a relatively 
high substrate temperature in order to obtain  films with 
a reasonably high conductivity and transmittance. 
Magnetron sputtering offers the possibility to prepare 
ITO thin films at low processing temperature and on 
large areas 9. Literature shows that the properties of ITO 
films are highly dependent on the deposition conditions 
and the method of deposition. In this paper, we report 
the dependence of process parameters such as target to 
substrate spacing, RF power, and substrate temperature 
on the properties of the films. The film properties such 

as deposition rate, average transmission in the visible 
region, resistivity and figure of merit were investigated 
as a function of the above mentioned thin film growth 
parameters.    
 
 
EXPERIMENTAL 
 

The film deposition was carried out in an RF 
magnetron sputtering system. The sputtering target has a 
diameter of 2 inch and it consists of 95wt% In2O3 and 
5wt% SnO2.The base pressure prior to deposition was 
1x10-5 mbar.  The flow of Argon was adjusted in such a 
way that the sputtering pressure is 0.01 mbar. Substrate 
was heated using a halogen lamp.  When the deposition 
was done onto preheated substrates, the substrate 
temperature was controlled within ± 20 C. When 
deposition was done onto unheated substrates, an 
increase in substrate temperature was observed during 
sputtering which was found to depend on the target to 
substrate spacing and RF power. 
 
The film thickness was determined using Tolansky 
technique. The transmittance of the films was recorded 
using Hitachi U-3410 UV-vis-NIR spectrophotometer. 
The resistivity of the films was determined using van 
der Pauw four-probe technique. 
 
 
RESULTS AND DISCUSSION 
 

In order to study the dependence of target to 
substrate spacing (T-S spacing) on the film properties, 
film deposition was carried out at an RF power of 20W 
and an argon pressure of 0.01mbar.Target to substrate 
spacing was varied from 2cm to 8cm. The substrates 
were not heated intentionally during deposition, but the 
substrate temperature increased from 450C to 900C as 
the T-S spacing was decreased from 8cm to 2cm.  The 
X-ray diffraction pattern (Fig.1) of the films showed 
that the films are polycrystalline. With increase in T-S 
spacing, a degradation of crystallinity was observed. 



 

The crystallinity of the films is greatly influenced by the 
kinetic energy of the sputtered particles reaching the 
substrate surface 10. At lower T-S spacings the sputtered 
particles will be having enough kinetic energy to 
migrate to the crystalline sites. 
 
 

 
 
Fig.1  XRD pattern of ITO thin films deposited at various 
target to substrate spacings 

 
 
The deposition rate decreased with increase in 

the target to substrate spacing (Fig. 2a). The variation of 
the deposition rate with T-S spacing can be correlated 
with the gas phase scattering 11. Since the mean free 
path of the particles in the range of pressure used in the 
present study is less than the T-S spacing, gas phase 
scattering plays an important role in the decrease of 
deposition rate. When the tin and indium atoms are 
scattered by the background gas (argon), they are 
redirected away from the target on an average, which 
produces an exponential decay in the number of atoms 
that actually reach the substrate surface. 
 
 

 
 
Fig.2 Variation of deposition rate of ITO thin films with  
 (a)T-S Spacing,(b)substrate temperature and (c) rf power 

 
 

All the films had a transmission greater than 80% in the 
visible region of the electromagnetic spectrum. The 
average transmission was greater for the films deposited 
at a target to substrate spacing of 4cm. For lower and 
higher T-S spacings, the transmission was found to be 
less (Figure.3a). 
 

 
 
Fig.3  Variation of average transmission in the visible 
region with (a)T-S Spacing,(b)substrate temperature and 
(c) rf power 
 

The resistivity of the films decreased when 
there was an increase in T-S spacing from 2cm to 4cm. 
But with further increase in T-S spacing the resistivity 
increased (Fig 4a). The increase in resistivity may be 
due to a decrease in crystallinity, which reduces the 
carrier mobility. The greater value for resistivity at T-S 
spacing of 2cm can be attributed to the observed low 
value of carrier density. The transparent conducting 
behaviour of the films can be quantitatively expressed in 
terms of the figure of merit of the material 12. Maximum 
value of figure of merit was observed for the film 
deposited at a target to substrate spacing of 4cm   
(Figure 5a). 
 

 
 
Fig.4 Variation of resistivity of ITO thin   films with (a)T-S 
Spacing,(b)substrate temperature and (c) rf power 
 

 
 



 

 
Fig.5 Variation of figure of merit of ITO thin   films 
with (a)T-S Spacing,(b)substrate temperature and (c) rf 
power 

The dependence of substrate temperature on the film 
properties was investigated by depositing the films at 
substrate temperatures ranging from RT to 2000C.  The 
film deposition was carried out at a target to substrate 
spacing of 4cm, an RF power of 30watts and an argon 
pressure of 0.01m bar. The XRD pattern of the films 
shows that the films are polycrystalline (Fig.6).   The 
films deposited at room temperature (RT) showed (222) 
and (440) diffraction peaks while the films deposited 
onto heated substrates showed  (400) diffraction peak 
also. The appearance of (400) diffraction peaks at higher 
substrate temperatures is associated with the increased 
concentration of oxygen vacancies in the films 13. 
 

 
 
Fig.6  XRD pattern of ITO thin films deposited at 
various substrate temperatures 

The sputtering rate was maximum for a 
substrate temperature of 1000C (Fig 2b). The average 
transmission increased with increase in substrate 
temperature (Fig 3b). The resistivity of the films was 
found to decrease with increase in substrate temperature 
upto 1500C and then it increased (Fig.4b). Minimum 
value of resistivity was observed for the substrate 
temperature of 1500C. The decrease in resistivity in this 
case is mainly due to increase in carrier density and 
increase in carrier mobility with substrate temperature. 

The decrease in resistivity with increase in substrate 
temperature can also be attributed to the increase in 
crystallite size with increase in deposition temperature, 
which reduces the grain boundary scattering and thereby 
increases the conductivity. The increase in resistivity at 
2000C is due to a sudden decrease in mobility at that 
temperature. It may   also be due to the contamination of 
the films by alkali ions from glass substrates. The figure 
of merit (Fig.5b) of the films showed a similar variation 
as the conductivity. It increased with substrate 
temperature upto 1500C and then decreased. 

The influence of RF power on the properties of the films 
was analysed by depositing the films at room 
temperature and at a target to substrate spacing of 4cm. 
The  argon pressure in the chamber was maintained at 
0.01 mbar. The RF power was varied in the range 20W 
to 50W. The X-ray diffraction pattern of the films is 
shown in Fig.7. The films grown at lower RF power 
showed (222) and (440) diffraction peaks. The intensity 
of (440) peak increased with increase in RF power up to 
30W and then decreased while that of (222) peak 
decreased monotonously. As the power is increased 
beyond 30W,  (400) diffraction peak emerged while the 
other peaks gradually disappeared.  The film deposited 
at 50W was preferentially oriented in the [100] 
direction.  A minimum amount of energy is necessary 
for the sputtered particles to orient in the [100] 
direction. At higher RF powers the sputtered particles 
will be having the necessary energy to orient in the 
[100] direction. The [100] orientation is also associated 
with the increase in the concentration of oxygen 
vacancies 13.  The films deposited at higher RF powers 
contain more oxygen vacancies and they will show 
[100] orientation.            

The deposition rate was found to increase 
linearly with increase in RF power upto 40W and then 
remained almost the same as the power was increased 
beyond 40W (Fig.2c).  The initial increase in deposition 
rate may be due to the increase in energy of the 
sputtered particles with increase in rf power as indicated 
by the XRD pattern. 

 
Fig.7 XRD pattern of ITO thin films deposited at various RF 
powers 



 

The transmittance of the films decreased with increase 
in RF power (Fig.3c). It is known that the transmittance 
of a transparent conducting film depend on the 
concentration of oxygen in the film 14. Films with 
greater oxygen concentration will be more transparent. 
In the present case, increase in RF power results in films 
which are oxygen deficient and hence with lesser 
transparency. 

The resistivity of the films decreased with 
increase in RF power. Fig.4c shows the variation of 
resistivity of ITO thin films with RF power. The 
minimum resistivity of 1.27x10-3 Ω cm was obtained for 
the films deposited at an RF power of 50W. In ITO, the 
magnitude of conductivity results from the ability of 
In2O3 lattice to incorporate substitutional tin atoms 
without major structural modifications as well as from 
the scattering mechanisms for free electrons 15. The free 
electrons are liberated from the substitutionally entered 
tin atoms in the cation sub lattice and from doubly 
charged oxygen vacancies. When Sn4+ replaces In3+ in 
the In2O3 lattice, one free electron is created. Doubly 
charged oxygen vacancy creates two free electrons. The 
increase in number of free carriers with increase in RF 
power reduces the resistivity of the films. Figure of 
merit of the films was calculated as a function of RF 
power and it  was found that there is a reduction in 
figure of merit of the films at 50W (Fig. 6d) due to a 
reduction in transmissivity of the films. 

To investigate the ionic species present in the 
RF plasma in detail Optical Emission Spectra (OES) of 
plasma plume generated by RF sputtering of Indium Tin 
Oxide (ITO) target was recorded using a 0.32m 
monochromator and CCD detector and analyzed. 
Initially the spectrum was recorded for a constant RF 
power of 20W by varying the distance from the target 
surface. The spectra of the plume at a distance of 4cm 
from the target surface at various RF powers were also 
recorded. Fig. 8 gives a typical OES spectrum taken at an 
RF power of 20W and spectral data collected from the 
plasma at a distance of 4cm from the target.  

 

 

Fig.8  Optical Emission Spectrum of RF plasma  

generated with ITO target at an RF power of 20W and at 
a distance of 4cm from the target 

 
The spectral analysis revealed that the ionic 

species is mainly composed of argon ions 16.  The 
identified species essentially comprises argon neutrals 
(Ar I ), singly ionised argon  (Ar II ), doubly ionised 
argon (Ar III ), Indium neutral (In I ), Oxygen neutral 
(O I ) and tin neutral (Sn I ). The OES also showed that 
the intensity of emission lines increases with increase of 
RF power. The variation of integral intensity of Argon 
(I) at a wavelength of 811.5nm with RF power  is given 
in Figure 9a. The integral intensity is found to increase 
linearly with RF power. Increase of RF power causes 
more ionization, which in turn increases the population 
of various energy levels associated with the ions leading 
to the increase in integral intensity.  

 

 
Fig.9 Variation of integral intensity with (a) RF power 
and (b) distance from the target surface 

 
Figure.9b gives the variation of integral 

intensity of the argon line at the wavelength 811.5nm 
with distance from the target surface. It was observed 
that the intensity of emission lines first decreased when 
the spectral data collection point was varied from the 
target surface to a point 2cm relative to the target. Then 
there was an increase in intensity when the imaging 
point was increased upto 4cm but the intensity further 
reduced with further increase in the distance of spectral 
data collection area from the target.  

 
This arises from the shape of the RF plasma. 

The special shape of the plasma is due to the magnetic 
field associated with the RF magnetron source. In order 
to confine plasma to our region of interest we use a ring 
magnet. The plasma plume generates from the edges of 
the target surface in a circular shape. Hence the plasma 
in the immediate vicinity of the target is more intense.  
The possibility of recombination tend to decrease the 
ion density near 2cm. Thereafter the energy transfer due 
to collisions enhances ionization resulting in an increase 
in ion density.  

The plume emerges in a conical shape starting 
from the target surface with the vertex of the cone at a 
particular distance from the target surface and then 
diverged. The convergence took place at a distance of 
about 4cm from the target surface. This results in a 
maximum value for intensity of emission corresponding 
to the distance of 4cm from the target surface. The 



 

plasma in portion of the chamber excluding the region 
mentioned above was almost uniform. 

The spectral analysis is in agreement with the 
experimental results obtained for the thin films. A target 
to substrate spacing of 4cm was found optimum for the 
growth of good quality ITO thin films. The spectral 
analysis revealed that the integral intensity is greater for 
distance of 4cm from the target surface. Similarly higher 
RF power was better for obtaining conducting films and 
similar result was obtained from the spectral studies 
also. 
 

CONCLUSION  

Indium tin oxide thin films were grown on 
glass substrates by rf magnetron sputtering and the 
influence of the process parameters such as target to 
substrate spacing, RF power and substrate temperature 
on the structural, optical and electrical properties of the 
films were investigated.  The films deposited at lower 
RF powers and lower substrate temperatures showed 
(222) and (440) diffraction peaks, whereas those 
deposited at higher RF powers or onto heated substrates 
showed (400) diffraction peak.  This shows that the 
films deposited at higher RF powers and temperatures 
contains a greater concentration of oxygen vacancies, 
which favors the growth of film in [100] direction. The 
transparent conducting behaviour of the films were 
analysed by calculating the figure of merit of the films. 
A target to substrate spacing of 4cm, a substrate of 
150oC and an Rf power of 40W was found to be better 
for getting with greater conductivity without sacrificing 
the transparency. 
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  As semiconductor device dimensions shrink, the processing technology becomes more 
challenging. One of the main challenges is the intricacies in the precise manufacturing of various very thin 
layers of high quality at different stages of device processing. The present silicon device technology ijn the 
sub 100nm node needs gate dielectrics in the thickness range 10-15A, with very high strength and 
reliability. Many a times, an atomic defect in such thin layers can be so detrimental that even the 
functionality of the device can be questionable. Interconnects with 8-10 metal layers and very precise vias 
require ultra thin barrier layers of different metals to form the nerve system of the devices. Intricacies in the 
barrier layer processing are so trivial at present with various ILD materials, especially the low K materials. 
Maintaining the quality in the process to achieve such precision is the challenge in the processing 
technology. This talk will give an overview of various challenges in the manufacturing of different ultra 
thin layers in silicon device processing and how that affects the device performance and 
reliability.  The presentation will depict actual case studies from various process stages of deep sub-micron 
devices. 
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India being a tropical country is blessed with an abundance of sunlight and biomass. Vigorous 

efforts during the past two decades are now bearing fruit as people in all walks of life are more aware of the 
benefits of renewable energy, especially decentralized energy required in villages and in urban or semi-
urban centers. India has the world’s largest programme for renewable energy. More than 700000 PV 
systems generating 44 MW have been installed all over India. The market segment and usage is mainly for 
home lighting, street lighting, solar lanterns and water pumping for irrigation. Over 17 grid interactive solar 
photovoltaic generating more than 1400 KW are in operation in 8 states of India. As the demand for power 
grows exponentially and conventional fuel based power generating capacity grows arithmetically, SPV 
based power generation can be a source to meet the expected shortfall. Especially in rural, far-flung where 
the likelihood of conventional electric lines is remote, SPV power generation is the best alternative. 
 The present PV modules are of crystalline silicon, but the drawback of silicon technology is that 
the production costs are still high and processing steps are sophisticated and complicated. Therefore the 
current emphasis is directed towards the development of high efficiency inexpensive solar cells. Here 
comes the importance of thin film technology which is cost effective, that can be deposited in required size 
and shape, for which large number of deposition techniques are available. Chalcopyrite based solar cells are 
attractive for next generation photovoltaic modules. They offer the highest efficiency obtained with thin 
films, excellent stability and radiation hardness together with competitive production costs. Presently CdTe, 
CuInSe2 and its alloys and amorphous silicon are available for thin film solar cells. Toxicity of cadmium, 
availability of tellurium and selection of suitable electrode are always disadvantageous for CdTe while the 
control of stoichiometry and toxicity of selenium are the difficulties in the case of CuInSe2. Moreover 
processing steps are complicated and costly for amorphous silicon.   
 Recent developments in solar cell research proved that CuInS2 and In2S3 have a number of 
potential advantages in comparison with the more widely used chalcopyrite absorbers having selenium and 
buffer layers containing cadmium. These include very low toxicity as well as simple and inexpensive 
deposition process. Chemical Spray Pyrolysis (CSP) is such a process. The most important factor regarding 
the technique is that it offers precise control of stoichiometry (which is not possible in physical vapour 
deposition and rf sputtering) in a simple and easy way by controlling the concentration of constituents in 
the spray solution.  

The fabrication and characterization details of a CuInS2/In2S3 solar cell made by chemical spray 
pyrolysis are discussed in this paper. CuInS2 and In2S3 thin films prepared using CSP technique were 
characterized structurally, optically and electrically using different techniques. Effect of variation of 
thickness and atomic concentration of absorber (CuInS2) and buffer layer (In2S3) on the performance of the 
cell was studied. Cu/In, S/Cu and In/S ratios of the films were controlled by varying molar concentrations 
of the respective compounds in the solutions. Effect of annealing on the characteristics of the cell was 
found to depend on thickness and atomic concentration of the layers. In the next level, thickness of the 
buffer layer was increased to compensate for copper diffusion from CuInS2 to In2S3. The top electrode was 
silver in this case with electrode area 1 mm2 and thickness ~ 45 nm. Silver, used as the top electrode, was 
found to improve the crystallinity of the In2S3 layer. The cell parameters obtained were Voc = 588 mV, Jsc = 
48.2 mA/cm2, FF = 33.5% and η = 9.5%. To the best of our knowledge, this is the highest efficiency 
reported for a cell prepared entirely using CSP. 
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Abstract 
  Sr2SiO4 co-doped with Eu3+ and Tb3+ ions was prepared by high temperature solid state reaction in air as well as in 
reducing atmosphere. The products were characterised by x-ray diffraction as single phase compounds. In samples 
synthesised in air, upon excitation at 254 nm,  major emission peak  due to Tb3+ ions was observed at 543 nm, while  Eu3+ 

emission peaks were also observed at 592, 612 and 700 nm.  The appearance of both 592 and 612 nm emission peaks of  
Eu3+  indicates the asymmetry of Eu3+ sites in the host lattice. Upon monitoring the emission at 543nm and 612 nm, Tb3+ 
excitation peak was observed at 242 nm, while relatively weaker Eu3+ excitation peaks could be observed at 242 and 395 
nm.  The emission spectra of Sr2SiO4:Tb3+, Eu3+  samples synthesised in a mild reducing atmosphere, exhibited intense 
broad yellow emission due to Eu2+ ions, while narrow emission peak from Tb3+ ions, expected at 543 nm, was buried under 
the broad emission from Eu2+ ions.  The excitation spectrum corresponding to 568 nm emission revealed broad absorption 
peaks due to Eu2+ ions.   
  

 
 1. INTRODUCTION 
   In view of the recent developments in solid state 
lighting using light emitting diodes in conjunction with 
phosphors1, there is an increasing need to synthesise and 
investigate efficient and stable phosphor materials with 
good absorption properties in the ultraviolet / near 
ultraviolet region.  In particular, considerable amount of 
research work2-4 has been devoted to the investigation   
of rare earth activated silicate phosphors such as 
Sr2SiO4:Eu2+ . Further the role of double dopants such as 
Eu3+ and Tb3+ have been reported in zinc silicate5 and 
calcium tungstate6 lattices, with a view to exploring their 
utility for multi-color emission upon excitation at 
different wavelengths. Keeping these in view, we have 
earlier investigated7 the luminescence characteristics of  
Sr2SiO4: Ce3+,Sm3+ and Sr2SiO4:Ce3+, Tb3+, wherein the 
latter phosphor was found to be a good tunable phosphor. 
In the present study, the preparation and luminescence 
characteristics of Sr2SiO4:Ce3+, Tb3+ have been reported. 
 
2. EXPERIMENTAL 
  Sr2SiO4 co-doped with 4 mole% each of Eu3+ and Tb3+ 
ions was prepared by high temperature solid state 
reaction of appropriate quantities of finely ground 
mixture of A.R. grade SrCO3, SiO2, Eu2O3 and 
Tb(NO3)3. 6H2O in air as well as in reducing atmosphere 
and the products were characterised by x-ray diffraction 
as single phase compounds. 
 
3. RESULTS AND DISCUSSIONS 
  In Sr1.92Eu0.04Tb0.04SiO4 samples synthesised in air, 
upon excitation at 254 nm, the major emission peak (5D4 
→ 7F5) due to Tb3+ ions was observed at 543 nm; further 
Eu3+ emission peaks were also observed at 592, 612 and 
700 nm, which are due to transitions,  5D0 →  7F1,   
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→  7F2 and   5D0 →  7F5  respectively (Fig.1).  The 
appearance of 612 nm peak of Eu3+ ions due to the 
forbidden and forced electric dipole transition, in 
addition to the peak at 592 nm due to allowed magnetic 
dipole transition, is a clear pointer to the asymmetry of 
Eu3+ sites in the host lattice.  
Upon monitoring the emission at 543nm and 612 nm,   
Eu3+ excitation peaks could be observed at 242 and 395 
nm (Fig.2). The former peak is assigned to charge 
transfer excitation, while the latter one is the prominent 
f-f absorption peak of Eu3+ ion. Tb3+ excitation in 
Sr2SiO4 lattice is reported around 243 nm7. In view of the 
weak emission observed from Tb3+ ions in our sample, it 
is inferred that most of the Tb3+ ions got oxidized to Tb4+ 

ions during synthesis.   
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Fig.2 
           The emission spectra of Sr2SiO4:Tb3+, Eu3+ 

samples synthesised in a mild reducing atmosphere of 
argon and 4% hydrogen, exhibited intense broad yellow 
emission due to Eu2+ ions peaking around 568 nm. The  
narrow emission from Tb3+ ions, expected at 543 nm, 
was found to be buried under the intense broad emission 
from Eu3+ ions. The broad Eu2+ emission is due to the 
allowed nature of the 5d  → 4f  transition of Eu2+ ions. 
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Fig.3 
The excitation spectrum corresponding to 568 nm 
emission revealed broad absorption peaks due to Eu2+ 
ions at 275, 330, 380 and 447 nm, as shown in Fig.4. 
In summary,  Sr1.92Eu0.04Tb0.04SiO4 samples prepared in 
air revealed predominantly Eu3+ emission, while Tb3+ 
emission was weak, while in the sample prepared in 
reducing atmosphere, intense broad Eu2+ was observed  
along with narrow Tb3+ emission. Further investigations 
with varying concentrations of Eu3+ and Tb3+ ions are in 
progress. 
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ABSTRACT 
 
Y2SiO5: Bi3+ and  Y2SiO5: Bi3+,  Eu3+  were prepared by high temperature solid state reaction in air.  The products were 
characterised by x-ray diffraction as single phase compounds.  On excitation at 330 nm, Y2SiO5: Bi3+ samples showed 
broad emission due to Bi3+ ions peaking around 500 nm. In Y2SiO5: Bi3+, Eu3+ samples, on excitation at 254 nm,  major 
emission peaks due to  Eu3+  were also observed at 586, 610 and 702 nm, while for excitation at 330nm, Bi3+ emission 
around 500 nm was predominant compared to weak emission from Eu3+ ions.  On monitoring the emission at 610 nm, Eu3+ 
charge transfer excitation peak was observed at 242 nm, while relatively weaker Eu3+ excitation peaks could be observed in 
300 - 400 nm region. Further, Bi3+ excitation peak was also observed around 330 nm, indicating some energy transfer from 
Bi3+ to Eu3+ ions in the co-doped phosphor. 
  

 
1 INTRODUCTION 
 
Rare earth doped oxy-silicates are polymorphic and are 
well known for their stability and utility as 
cathodoluminescent phosphors1. In particular, Ce3+ and 
Tb3+ doped yttrium silicates have been reported to be 
potential phosphors for flat panel display devices2 
because of their chemical and thermal stabilities and 
transparency. In recent years, efforts have been directed 
towards synthesis of these phosphors with uniform 
particle size having submicron/ nanometer dimensions3-4. 
The luminescence of rare earth ions in Y2SiO5 lattice is 
known to depend on the phase of Y2SiO5, since the co-
ordination number of substituting cations are different in 
its X1 and X2 phases5.  The formation of X1 or X2 phase 
of Y2SiO5 is governed by the synthesis temperature. The 
luminescence characteristics of Y2SiO5 doped with 
mixed metal ions such as Ce3+ -Tb3+, Bi3+- Eu3+ and Bi3+-
Dy3+ in Y2SiO5 have been investigated, which include 
the energy transfer processes between these dopants6. 
Earlier we have investigated7 the luminescence 
characteristics and energy transfer processes in  Y2SiO5: 
Ce3+, Sm3+ and Y2SiO5: Ce3+, Dy3+.  In the present work, 
luminescence studies were carried out on Y2SiO5 co-
doped with Bi3+ and Eu3+ ions.    Y2SiO5: Bi3+ was also 
prepared for comparison purpose. 
 
2 EXPERIMENTAL 
 
Y1.96Bi0.02Eu0.02SiO5 and Y1.94Bi0.02Eu0.04SiO5 samples 
were prepared by solid state reaction. Stoichiometric 
amounts of A.R. Grade Y2O3, SiO2, Eu2O3 and Bi2O3 
were taken and the mixture was ground thoroughly in 

alcohol medium. Later, this was dried thoroughly and 
heated at 1250-1300o C for four hours in air.  
Y1.98Bi0.02SiO5 was also prepared in a similar manner.  
The products were characterised by x-ray diffraction as 
X1  phase Y2SiO5. 
 
3 RESULTS AND DISCUSSION 
 
The emission spectrum of Y1.98Bi0.02 SiO5  for excitation 
at 330 nm is shown in Fig.1.  As reported earlier5,  broad 
emission around 500 nm (due to the transition 3P1 → 
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                                    Fig.1 
1S0) was observed in this sample. The excitation 
spectrum  corresponding to 500 nm emission,   showed  
peaks at 264, 290 and 330 nm, which are assigned to Bi3+ 
ions.   Among these, the intensity of the peak at 330 nm 
with a shoulder around 343 nm was maximum (Fig.2). In 
ions with  ns2 configuration, usually 1S0 → 3P1 and 1S0

 → 



1P1 transitions are expected to be strongly absorbing. The 
position of Bi3+ absorption peaks is dependent on the host 
lattice.  The strong absorption at 330 nm can be assigned 
as due to the transition, 1S0  → 3P1, while the weaker one 
at 264 nm can be assigned to 1S0  → 1P1 as reported 
earlier in Bi3+ doped borates8.  The peaks at 290/ 343 nm 
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are most probably due to the crystal field splitting of the 
corresponding excited levels. 
In  Y1.96Bi0.02Eu0.02 SiO5 as well as Y1.94Bi0.02Eu0.04 SiO5, 
upon excitation at 254 nm,  strong Eu3+ emission peaks 
were observed at 586, 610 and 702 nm, the second being 
the most intense (Fig.3). Further the emission intensity 
was higher in Y1.94Bi0.02Eu0.04 SiO5

  as compared to that 
in Y1.94Bi0.02Eu0.02SiO5

  . These peaks are due to the 
transitions, 5D0 → 7F1, 

5D0 → 7F2 and 5D0 →  7F5   
respectively. The intensity ratio of 586 nm to that of 610 
nm peaks clearly indicates that Eu3+ ions occupy 
asymmetric sites. This is as expected from the c1 
symmetry of rare earth ions in X1 phase of Y2SiO5.  
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Further upon excitation at 330 nm, broad emission from 
Bi3+ ions, peaking around 500 nm was found to be 
dominant, while relatively weak and narrow emission 

from Eu3+ could be observed (Fig.4).  The excitation 
spectrum of the sample for the Eu3+ emission at 610 nm, 
showed an intense broad peak at 242 nm due to charge 
transfer excitation, while weaker Eu3+ excitation peaks 
due to f-f absorption could be observed between 300- 
400 nm.  In addition, a broad and weak excitation peak 
around 330 nm was also observed, which is due to Bi3+ 
ions (Fig.5). This observation indicates that a small 
amount of  energy transfer takes place from Bi3+ ions to 
Eu3+ ions. The small energy transfer observed may be 
probably due to the partial overlap of Eu3+ charge 
transfer band with  Bi3+ excitation at 264 nm, as reported 
in the case of Bi3+, Eu3+ co-doped alkaline borates8.  
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4 CONCLUSION 
 
X1 phase Y1.96Bi0.02Eu0.02 SiO5  and Y1.94Bi0.02Eu0.04 SiO5 

samples were synthesised in air.  For excitation at 254 
nm, Eu3+  emission was observed, while for excitation at 
330 nm, both Bi3+ and Eu3+ emissions were observed.   



There is some amount of energy transfer from Bi3+ to 
Eu3+; however, it is inefficient in this lattice.   
  
5 REFERENCES 
  
1T.E.Peters, J. Electrochem. Soc. 116 (1969) 985. 
2Q.Y. Zhang, K.Pita, S.Buddhudu and C.H. Kam, J.   
 Phys. D. Appl.Phys. 35, 3085 (2002).  
3M. Yin, W. Zhang, L. Lon, S. Xia and J.C. Krupa, 
Physica B 254, 141 (1998). 
4C.K. Duan, M. Yin, K. Yan and M.F. Reid,  J. Alloys 
and compounds 303, 371 (2000). 
5J. Lin, Q.Su, H.Zhang and S. Wang, Mat. Res. Bull. 31, 
189 (1996).. 
6J. Lin, Q.Su, H.Zhang and S.Wang, J. Mat. Chem. 6, 
265 (1996). 
7V. Natarajan, C.T. Chen  and C.H. Lu,  Proc. National 
Symposium on Luminescence and its Applications, 
Bangalore,  India (2005) p.186. 
8.P. Zhiwu and S. Qiang, Solid State Communications 
86, 377 (1993). 
 
 
  
 
  
 
 
 
  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



STRUCTURE AND PHOTOLUMINESCENCE OF Eu3+: ThO2  NANO-
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ABSTRACT  

 
Eu3+ doped ThO2 nanopowders were prepared by urea combustion route. XRD studies have confirmed the formation of 
nano-sized powders on annealing at different temperatures in the range 300 - 900°C.  Time-resolved luminescence studies 
were carried out with a view to understanding the particle size dependence of luminescence properties. These investigations 
revealed that Eu3+ ions were incorporated at two types of sites having different site symmetries, which was reflected in their 
emission spectra and life-times. These studies also suggest that at lower annealing temperatures, presence of lattice defects 
leads to lowering of symmetry and also provides a non-radiative pathway for relaxation. With increase in annealing 
temperature, the reduction in number of the defects resulted in the incorporation of more number of ions in cubic symmetry 
in the sample and also a reduction in non-radiative decay upto annealing temperature of 700°C. 
 

1. INTRODUCTION 

Nano-materials typically with dimensions 
smaller than 100 nm have attracted widespread attention 
since 1990s because of their specific features that differ 
from bulk materials. Synthesis and characterization of 
nano-materials and understanding their properties is now 
one of the most active research fields. In the application 
areas focus is on designing nanomaterials for their use as 
chemical sensors, bioluminescent sensors, luminescent 
phosphors and spintronic devices. Increase in the band-
gap energy with the decrease in particle size and the size 
tunabiltiy of their luminescence have led to research on 
the optical investigations of semiconductor nanocrystals. 
Amongst the doped materials, photoluminescence 
properties of wide band-gap nanocrystalline materials,  
viz. ZnS:Mn, Y2O3:Eu3+;Tb3+, Y3Al5O12:Eu3+, 
SrAl2O4:Eu2+,Dy3+ and few other insulating materials 
have been  reported 1-5.   

ThO2 is an excellent host for rare-earth and 
actinide activators due to its cubic fluorite structure and 
has been investigated for luminescence properties of 
various dopant and impurity ions in the bulk powders and 
crystals6-8. In the present study we have investigated 
luminescence properties of Eu3+ doped ThO2 
nanopowders prepared via combustion route using urea as 
a fuel and thorium nitrate gel. Nano-powders having 
different average particle sizes were obtained by 
annealing at different temperatures. Luminescence 
investigations of the prepared powders were carried out 
with a view to understanding size dependence of their 
properties.  

 
2. EXPERIMENTAL  
 

Europium doped ThO2 powders were prepared 
by urea combustion route using thorium nitrate gel and 
urea mixed in proportion 1:1. Europium (1 atom%) was 
added to thorium nitrate solution in the form of europium 

nitrate. Thermo-gravimetric studies of the gel dried at 
200°C were carried out using Mettler-SDTA-851. 
Exothermic reaction due to combustion of urea occurred 
at 275°C along with a major loss of mass. Based on TGA 
studies annealing temperatures above 275°C were used 
for obtaining powder samples. These powders prepared 
via combustion route were by annealed at 300, 400, 500, 
600, 700 and 900°C for 2 h. Luminescence spectra of 
annealed samples were recorded in emission mode using 
FL 900 CDT time resolved spectrometer and Hitachi 2000 
fluorescence spectrometer.  

 
3. RESULTS AND DISCUSSION 
 

X-ray diffraction patterns for the products 
obtained at 300, 500, 700 and 900°C are shown in Fig.1. 
The diffraction pattern for the powder obtained by 
annealing at lowest temperature of 300°C is similar to that 
reported for thorium oxide. The average crystallite size 
was determined using Scherrer’s formula correlating the 

FWHM of the intense line with the particle size. Cell 
volumes were also determined from XRD data. Average 
particle size and cell volumes obtained for powders 
annealed at different temperatures are given in Table 1.  
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            Fig. 1 XRD patterns for ThO2:Eu3+ powders  



With increase in annealing temperature, an increase in 
crystallinity as well as particle size and a decrease in cell-
volume were observed for the products. As shown in 
Table 1,  the particle sizes are in nm range, and cell 
volume decreases with the increase in the annealing 
temperature suggesting that increase in cell volume at 
lower annealing temperature having particles in nm range 
is probably associated with the incorporation of defects in 
the lattice.  

Table 1: Size and cell dependence of powders on annealing  
temperature 

 

 

Luminescence of Eu3+ in thorium oxide has been studied 
earlier6-8.  These investigators have reported an intense 
emission at 590 nm along with weak ones at 610 and 630 
nm corresponding to Eu3+ at cubic site. In addition, non-
cubic sites for Eu3+ ions in ThO2 host were also reported 
with higher concentrations and calcination temperature. In 
the present work, studies on nano-powders obtained by 
combustion synthesis route were carried out by recording 
luminescence spectra at the relatively lower concentration 
of dopant ions (1 atom %). The emission (PL) spectra 
recorded on Hitachi fluorescence spectrometer using 
charge transfer band excitation at 250 nm for ThO2:Eu3+ 
powders annealed at 300, 500, 700 and 900°C are  shown 
in Fig. 2.  The spectra show main emission peaks at 590 
and 610, 630 nm due to 5D0 → 7F1 and 5D0 → 7F2, 

transitions. The spectra observed in the present 
investigations are in conformity with those reported 
earlier. The intense peak at 590 nm is typical of cubic 
symmetry for Eu3+ in ThO2 thereby confirming formation 
of cubic ThO2 on annealing at 300°C. Further, weak 
emission peaks were also observed at 472, 513, 548 and 
567 nm due to transitions arising from higher excited 

states 5D1 and 5D2 to different 7F levels. Inset in Fig. 2 
shows annealing temperature dependence of fluorescence 
intensity at 590 nm on excitation with 250 nm.  As seen 
from the figure initially there was increase in intensity 
with annealing temperature upto 600°C and later on it  
levelled  off.  

 Further studies were carried out by recording 
time-resolved emission spectra for the prepared powders. 
The spectra were recorded with excitation at 200,250 and 
460 nm which correspond to band gap absorption (due to 
valence band (VB) to conduction band (CB) transition) in 
ThO2, charge transfer from O-- to Eu3+ (CTB) and f-f 
transition of Eu3+ respectively. Investigations of 
fluorescence decay   for emission at 590 nm with these 
excitations have revealed that a good fit could be obtained 
only when the curve was fitted with two decay 
components, suggesting the presence of Eu3+ ions in two 
different environments. 

The life-times obtained on excitation at 460 nm 
by monitoring emission at 590 nm are given in Table 2.  It 
clearly shows increase in life-time with increase in 
annealing temperature initially and later on leveling off. 
Two life-times of same order of magnitude revealing 
similar trend with change in annealing temperature were 
observed with the band-gap excitation and charge-transfer 
band excitation.  Increase in fluorescence life-times 
reveals that non-radiative decay is reducing with the 
increase in annealing temperature.  This is also revealed in 
increase in fluorescence output with increasing annealing 
temperature.  

Table 2 : Changes in life-times observed for ThO2:Eu3+ powders 
annealed at different temperatures 

 
Life-time Annealing Temperature   °C 

 300 500 700 900 

τ1  (ms) 0.7 0.93 1.28 1.27 

τ2  (ms)  3.6 3.75 3.71 3.68 

Time  resolved  emission   spectra obtained for Eu3+ ions 
in ThO2 samples annealed at different temperatures 
exhibiting short life-time and long –life-time are shown in 
Figs 3-5 for excitations at 460, 200 and 250 nm.  Time-
resolved emission spectra were recorded for these three 
excitations with a spectral band-pass of 1.8 nm and at 
intervals of 1 nm. Emission peaks from Eu3+ ions 
occupying sites showing long life times were observed at 
590,  605, 629, 634 and  649 nm ; while, emission peaks 
for Eu3+ ions occupying sites showing short life times 
were observed at  578, 590,  606 and  629 nm for all 
excitations.  Emission spectra for short lived species were 
obtained by subtracting appropriately the contributions 
from long lived species. Since data for different 
excitations were obtained with varying instrumental 
conditions intensities for different excitations can not be 
directly compared. However data obtained for the same 
excitation and annealing temperature revealing different 
sites can be compared. Amongst these, emission at 578 
nm can be identified as due to 5D0 → 7F0 transition 

Sr. 
No. 

Annealing 
Temperature 

(°C) 

Average 
Particle size     
(nm) 

Cell Volume 
Å3 

1 300 4.8 44.3 
2 500 5.6 44.0 
3 700 17.6 43.7 
4 900 43.3 43.6 
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 Fig.2  Emission spectra ThO2:Eu3+ powders      
          annealed at different temperatures 



associated with a lower symmetry. Emission at 590 nm is 
due to 5D0 → 7F1 transition, while peaks in the region of 
605-629 nm can be identified as due to 5D0 → 7F2 
transitions. Intensity ratio of (5D0 → 7F2) transition to that 
of (5D0 → 7F1) transition also referred to as asymmetry 
factor, can be used to  infer the site symmetry9.  Based  on 

 

 

 

the observation of 5D0 → 7F0 transition at 578 nm and 
higher asymmetry factor observed in the spectra of Eu3+ 
ions exhibiting shorter life-time, the site symmetry for 
these ions can be identified as a non-cubic lacking 
inversion symmetry. In contrast, absence of 578 nm 
emission, and lower asymmetry factor observed for Eu3+ 
ions exhibiting longer life-time, suggests that these ions 
are occupying sites having inversion symmetry.   Based 
on the reported work, the site symmetry can be identified 

as cubic. Due to low resolution of FL 900 spectrometer, 
resolved spectra of cubic and noncubic sites could not be 
obtained. Hence exact site symmetry for non-cubic site 
could not be determined. The spectra for 460 nm 
excitation (Fig.3 ) had shown predominant emission  from 
Eu3+ ions in non-cubic symmetry; while, excitation with 
200 and 250 nm leads to predominant emission from Eu3+ 
ions at cubic site. Changes in intensity with the increase in 
annealing temperature were similar to those mentioned 
earlier with continuous excitation.  In addition, asymmetry 
factor reduces with increase in annealing temperature for 
Eu3+ ions occupying two sites. These observations suggest 
that annealing of defects leads to increase in symmetry 
and is also responsible for increase in intensity of Eu3+ 
ions occupying cubic site upto annealing temperature of 
700°C.  Above this temperature asymmetry factor as well 
as intensity of low symmetry site increases due to    
charge compensating  vacancies being in nearest 
neighbour position  of Eu3+ ions as reported earlier7 

In summary, the Eu3+ occupying cubic sites have 
longer life times and those in the lower symmetry have 
shorter life times. There was an increase in the lifetime for 
both types of ions with increase in calcination temperature 
and in the percentage of ions incorporated at sites having 
inversion symmetry; while there was a reduction in lattice 
defects with increase in annealing temperature as revealed 
from cell dimensions. Incorporation of lattice defects at 
lower calcination temperature affects the intensity and 
life-time due to  non-radiative path provided by defects. In 
addition, at lower calcination temperature presence of 
defects also leads to lowering of symmetry. With increase 
in calcination temperature, the reduction in number of 
surface defects results in the incorporation of  more 
number of ions in cubic symmetry in the sample and also 
a reduction in non-radiative path way provided by the 
surface defects even with incorporation of 1atom % of 
Eu3+  ions in the ThO2 host.  
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Fig.4:  200 nm excited time resolved emission spectra for  
          ThO2:Eu3+ powders annealed at different    
           temperatures  
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 Fig.5:  250 nm excited time resolved emission spectra for    
           ThO2:Eu3+ powders annealed at different    
           temperatures  

 

Fig.3:  460 nm excited time resolved emission spectra for    
           ThO2:Eu3+ powders annealed at different    
           temperatures  
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ABSTRACT 
 
The wide bandgap semiconductor zinc selenide nanocrystallites together with europium ions were incorporated into the 
silica matrix using sol-gel method. The size distribution and optical bandgap of the nanoparticles were calculated from 
the absoroption spectrum.The TEM measurements yield the nanocrystal size to be around 6 nm and a crystal inter 
planar spacing to be 3.278 Å. The excitation spectra recorded for the sample gives a broad excitonic band around 
370nm which could be assigned to the ZnSe nanocrystallites. The fluorescence spectra reveal that the intensity of 
characteristic emission of europium increases considerably in the presence of ZnSe particles.  
 
INTRODUCTION 
 
Recently nanoparticles have gained much interest due to 
the perceived need for miniaturization of both optical and 
electronic devices. Most II-VI semiconductors show 
quantum confinement behaviour in the 1-20nm size 
range, where nanocrystallites show optical, electronic 
and mechanical properties distinct from those of 
corresponding bulk material [1].  Nanoparticles are of 
great interest for sensing and electronic technologies due 
to their unique size dependent optical and electronic 
properties. Size quantization effect occurs when the size 
of the nanoparticle is smaller than the bulk exciton Bohr 
radius of the semiconductor [2]. The nanoparticles have 
high dispersity (large surface/volume ratio) and interface 
areas, which influence the electronic properties of the 
materials [3]. The development of new luminescent 
materials with complex composition is of interest for 
understanding of electronic excitation and relaxation 
phenomena with participation of two and more active 
centers. Doped Nanocrystals of semiconductor can yield 
both high luminescence efficiencies and lifetime 
shortening at the same time. Semiconductor nanocrystals 
in transparent media, especially in sol gel glasses, have 
received greater attention due to their promising 
applications in non-linear optics and optical switches [4], 
[5]. We report here the the size determination of 
nanocrystallites and the wide UV excitation range offered 
by the sample, intensification of fluorescence and 
resolution of excitation lines of the rare earth ions in the 
presence of zinc selenide particles prepared by the sol-gel 
method.  
 
EXPERIMENTAL 
 
Silica glasses with 3wt% of Europium concentration and 
varying ZnSe concentrations were prepared by the sol-
gel process [6]. ZnSe nanoparticles were prepared from 
zinc acetate and selenic acid by their decomposition reaction 
and incorporated on to the SiO2-matrix through 
annealing. Eu3+(3wt%) ZnSe (7wt%)[Sample A], Eu3+(3 
wt%) [Sample B] and ZnSe (7wt%) [Sample C] doped 
silica samples were prepared.. The luminescence spectra 
were taken using a spectrophotofluorimeter (Shimadzu-
RFPC 5301) and the absorption with UV-visible 

spectrophotometer (Shimadzu-UVPC2401) for all the 
samples heated to 500oC. 
  
RESULTS AND DISCUSSION 
 
The optical absorption spectra of ZnSe nanocrystallites 
doped glassy matrices heat treated at 500oC is shown in 
Figure1. The direct absorption band gap of the ZnSe 
nanoparticles can be determined by fitting the absorption 

data to the equation ( ) 2/1
gEhBh −= ννα (as shown 

in the inset of Figure 1) in which hν is the photon energy, 
α is the absorption coefficient, Eg is the absorption band 
gap and B is a constant relative to the material. The 
absorption coefficient can be obtained from the equation 

d

A303.2
=α  where A is the absorbance and d is the 

thickness of the sample. The estimated band gap energy 
is 3.09eV.  This is large compared to bulk ZnSe, a direct 
semiconductor, with band gap energy of 2.82eV [7,8]. 
Semiconductor nanocrystals are known to have an 
absorption edge, which is shifted with respect to the bulk 

material, toward shorter wavelengths [9].  The blue shift 
of the absorption edge can be explained by the effective 
mass approximation model, developed by Brus [10] and 
Kayanuma [11]. In the strong exciton confinement 
regime of nanoparticles (particle radius < ab*), the energy 
E(R) for the lowest 1S excited state as a function of 
cluster radius (R) is given by 
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Figure 1. Absorption spectra of samples heated to 500oC 
taken at room temperature. Inset shows the (α)2 vs 
hν graph  
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where ab*, Bohr radius of the exciton (for ZnSe 3.8nm), ε 
is the dielectric constant of the nanocrystallite (for ZnSe, 
8.7) and ER is the bulk exciton Rydberg energy (for ZnSe 
0.019eV). The second term is the quantum confinement 
localization for the electrons and holes, which leads to 
the blueshift. The third term is the Coulomb term leading 
to red shift, while the fourth term gives the spatial 
correlation energy, which is small and of minor 
importance. From the blueshift results, we could estimate 
that the quantum confinement effect of our ZnSe 
nanoparticles should be larger than the Coulomb effect. 
The band edge absorption in Figure 1 is used to calculate 
the average size distribution of the ZnSe nanoparticles in 
the silica matrix. The particle size is found to be 7.6nm 
from the absorption spectrum and using the Brus 
formula, by considering this to be in the strong 
confinement region.  
The TEM and HRTEM  taken for the samples is shown 
in  figures 2(a) and (b).  Figure 2(b) shows the planes of 
the ZnSe nanocrystallites. The resulting particles are 
crystalline with an average diameter of 6nm (estimated 
from the TEM image).The  magnified HRTEM  of a 
single nanocrystallite with a line pattern shows the direct 
image of the periodic lattice.The plane was identified 
as(111)plane with a d value of 3.278 Å. This is in 
agreement with the value (d=3.244 Å) for bulk zinc 
selenide crystal[12]. 

 
The excitation spectrum taken with an emission 
wavelength of 614 nm [Figure 3] shows splitting of the 
weak absorption bands and appearance of new peaks 
which are characteristic of Eu3+ ions. The peaks are 
assigned to each transition, as 7F0→

5L6 (394nm) the most 
prominent one followed by 7F0→

5D2 (464nm), 7F1→
5D1 

(535nm) and 7F1→
5D0 (591nm). The less pronounced 

peaks are assigned as  7F1→
5D3 (416nm),  7F0→

5D1 
(526nm) and  7F0→

5D0 (579nm).The intense peak at 
465nm is an indication of a rigid glassy network that is 
formed at comparatively low temperature in ZnSe + Eu3+ 
doped gel glass comparing to Eu3+ doped one. The strong 
excitation transition at 393nm hints at a possible 
enhancement in the principal emission line of Eu3+ in the 
ZnSe+Eu3+ doped silica. Figure 4 depicts the 
fluorescence spectra of the samples heated to 500oC 
recorded at room temperature with an excitation of 
393nm corresponding to the 5L6 state of the Eu3+ ion. It 

shows a considerable enhancement in the emission 
intensity corresponding to the 5D0→ 7F2 transition for 
ZnSe+Eu3+ doped silica glass. The structural features 
play a critical role on the fluorescent enhancement since 
the complex dielectric function of the composite medium 
depends directly on the structural features of the particles 
involved. 
 In the case of Eu3+, the main emission lines occur 
between the 5D levels to the7Fj multiplets. The 5D0→ 7F2 
transition of Eu3+ is hypersensitive to the chemical bond 
formed between Eu3+ and its surrounding ligands. The 
fluorescence intensity ratio of 5D0→ 7F2 to 5D0→ 7F1 
transition indicates the degree of asymmetry in the 
vicinity of Eu3+ ions and Eu-O covalency which could be 
measured using the asymmetry ratio given as  

∫
∫

γ

γ
=

→

→

dI

dI
AS

10

20  

where I0→j denotes the intensity of 5D0→ 7Fj transition. 
The asymmetry ratio estimated for the Eu3+ and the 
ZnSe+Eu3+ doped silica are 1.4539 and 2.421 
respectively. This clearly indicates that the presence of 
the nanocrystallites is responsible for an increase of both 
the covalency and the polarization of the local vicinities 
of the Eu3+cations. A greater ratio corresponds to a more 
distorted or asymmetric local cation environment. This 
difference can be attributed to the change in chemical 
environment of Eu3+ in different media. [13] The latter 
transition is magnetic dipole allowed and its strength is 
not very site dependent; on the contrary 5D0→ 7F2 

transition is forbidden and becomes electric dipole 
allowed in an odd field.  
The heat treated Eu3+ doped sol-gel glass shows four 
bands which belong to the 5D0à 7FJ(J=0,1,2,3) 
transitions. The branching ratios were calculated for all 
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Figure 3. Excitation spectra of samples heated to 500oC 
(λem =614nm) taken at room temperature. 
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Figure 4. Emission spectra of samples heated to 500oC   
(λex =393nm) taken at room temperature 
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the transitions using the standard procedure (Figure 4) 
[14]. It has already been established that an emission 
level with branching ratio value near 50% becomes a 
potential laser emission transition[15]. Branching ratio 
determined from emission spectrum for each transition is 
given in Table 1. The highest branching ratio 
corresponds to the experimentally observed strongest 
peak at 613 nm.  
Table I. The fluorescence branching ratio obtained for 
the samples (ZnSe + Eu3+) from the emission spectrum. 

Transition Wavelength 
(nm) 

Branching 
ratio 

5D0à 7F0 578 0.01732 
5D0à 7F1

 590.6 0.2838 
5D0à 7F2

 613.8 0.6154 
5D0à 7F3

 649 0.00584 
5D0à 7F4

 697 0.04709 
 
Thermal treatment allows to improve the crystalline 
quality of the clusters and to narrow their charecteristic 
optical features [16]. As a result of finite size, continuous 
bands of energy are replaced by molecule-like discrete 
energy levels. As the particle size increases the energy 
spacing between the states decreases. In nanoparticles, 
most ions at the surface are non-saturated in 
coordination. Electrons and holes may be easily excited 
and escape from the ion. Much more carriers trapped at 
the surface states or defect sites are released by 

photoexcitation as excitonic or trapped luminescence 
[17,18]. The quantum confinement enhances the allowed 
energies resulting in from an increase in binding energy 
of shallow impurity [19]. Heat treatment leads to an 
increase in the inhomogeneities of the local environment 
owing to the cross-linking between silica chains and 
consequent shrinkage. As the densification continues, 
clustering of Eu3+ induces strong energy transfer even at 
lower concentrations. The low fluorescent intensity of the 
gels was due to electron-phonon coupling with C-H and 
O-H groups. 
Figure 5 gives the emission spectra corresponding to 
different excitation wavelengths varying by 10 nm. All 
these excitations gives the characteristic emission from 
europium ions. By exciting at 393nm the energy from the 
nonradiative recombination of electron-hole pairs of the 
ZnSe nanoparticles can be transferred to the higher 
energy levels of the Eu3+ ion. This will increase the 
population of the emitting levels and thereby increasing 
the fluorescence from the rare earth ion. 

CONCLUSION 
 
The absorption spectra of ZnSe nanocrystallites/Eu3+ 

reveals the formation of ZnSe + Eu3+ sites in the gel 
matrix and the excitation spectra on the other hand 
confirms the densification of the gel and presence of 
strong excitation bands. The emission intensities of the 
europium ions are found to be considerably increased by 
codoping with nanoparticles of ZnSe. The adsorption of 
the semiconductor nanoparticles on to the SiO2 matrix 
provides local field enhancement, and the photogenerated 
electron trapped in the ZnSe strongly interact with Eu3+ 
ions located close to the nanocrystallites in the SiO2 

matrix.  The nonradiative energy transfer from the 
electron-hole recombination of the ZnSe nanoparticles to 
the rare earth ion will result in the observed fluorescence 
enhancement. 
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Figure 5. Emission spectra of samples heated to 500oC with 
λex varying wavelength taken at room 
temperature  
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ABSTRACT                                                                           
 

A series of Eu2+ and Ce3+, activated BaSi2O5 
phosphors have been synthesized by high temperature 
solid state reaction. The emission spectra of Eu2+ 
containing compositions show tow bands at 505 nm and 
482 nm; this is attributed to the different Ba environments 
in the lattice. We studied the Ce3+ activated BaSi2O5 for 
the first time. The role of concentration of Eu2+ on the 
photoluminescence emission intensity in Ba1-xEuxSi2O5       

[x = 0.0025, 0.005, 0.0075, 0.01, 0.03] is studied.  Energy 
transfer from Ce3+ to Eu2+ occurs in this host lattice. 
Optimization of concentration of Ce3+ to produce white 
light in Ba0.9975-2xEu0.0025CexLixSi2O5:[x = 0.01, 0.04, 0.08] 
shows that the optimum concentration of Ce3+ and Eu2+ are 
0.01 and 0.0025 mols. The Chromaticity Coordinates 
shows green white under 335 nm excitation. 

  
1. INTRODUCTION 
 

In recent times, much attention has been given 
towards the synthesis of efficient phosphors for 
applications in Solid State Lighting (SSL) technology to 
generate white light using light emitting diodes (LED). 
SSL has several advantages over conventional fluorescent 
lamps; durability, compactness and lower power 
consumption1. SSL has already begun to displace 
incandescent bulbs in many applications like traffic 
signals, automotive displays2. Recently our laboratory has 
developed have developed a white light generating 
phosphor with single host lattice, Sr2SiO4, with Eu2+ as 
activator and Ce3+ as the sensitizer3.  The mechanism for 
this white light generation has been found to be a partial 
energy transfer from Ce3+ à Eu2+. The phosphor BaSi2O5: 
Eu2+ is known for green emission4. In the present study we 
have studied the optical properties of Ce3+ in this host 
lattice. The excitation (335 nm) and emission (417 nm) 
spectra of Ce3+ show a broad band.  To get white light 
emission, in the present study we co-doped Ce3+ in 
BaSi2O5:Eu2+ and observed a partial energy transfer from 
Ce3+ to Eu2+. From the Chromaticity Coordinates (CIE) the 
composition Ba0.9975- 2xEu0.0025Ce0.01Li0.01Si2O5 shows green 
white emission under 335 nm excitation. 

 
 
 

2. EXPERIMENTAL 
 
2.1 Synthesis 
 

All the compounds were synthesized by high 
temperature solid-state reaction. The starting materials 
used were high pure BaCO3 (Aldrich, 99.9 %), SiO2           
(Thermal Syndicate, 99.99%), Eu2O3 (Indian Rare Earths, 
99.99%),CeO2 (Indian Rare Earths, 99.99%),Li2CO3 
(Merck, 99.0%),H3BO3 (Merck, 99.8%). Stoichiometric 
amounts of the starting materials were ground well and 
placed in an alumina boat inside a tubular furnace and 
slowly heated to 1270 °C under reducing atmosphere (5% 
H2 + 95% N2). The sample was kept at this temperature for 
6 hours and then cooled to room temperature. In case of 
Ce3+ doping, the charge compensation was achieved by 
adding equimolar concentrations of Li+. 10 mol % boric 
acid was added as a flux.  
 
2.2 Characterization  
 

The compositions were examined for phase 
formation by X-ray powder diffraction (XRD) using 
CuKá1 radiation (P3000, Rich Seifert). Diffuse reflectance 
spectra were recorded for the powder samples using a UV-
vis spectrometer with a 150 mm integrating sphere 
attachment (V-560, Jasco) and BaSO4 was used as 
reference. The excitation and emission spectra were 
recorded on powder samples using a spectrofluorometer 
operating in the range 220-720 (FP-6500, Jasco).  
 
3. RESLTS AND DISCUSSION 
 
3.1 Phase formation 
 

The powder XRD patterns of select compositions 
are shown in Fig. 1. All the compositions crystallize with 
orthorhombic structure and space group Pcmn. All the 
patterens indexed based on â-BaSi2O5 available in JCPDS 
(No.26-0176). 

 
 
 
 
 
 



      Fig. 1 Powder XRD patterns of BaSi2O5:Eu2+,Ce3+, Li+ 

 
In this structure there exists two silicate sheets 

(Si4O10)
-4 and four barium ions per unit cell. Each sheet 

consists of continuously linked distorted six-membered 
rings of SiO4 tetrahedra. Each barium ion is surrounded by 
seven oxygen ions5. The linkage of Ba polyhedra is 
different in two silicate layers; in one layer there exists 
edge sharing between BaO7 polyhedra and in the layer 
there is no linkage between the polyhedra. This indicates 
that two environments exist for the Ba2+ ion in the lattice 
[Fig.2].  

 
Fig. 2 Crystal structure of BaSi2O5 along (010) direction.     
           
3.2 Diffuse reflectance Spectroscopy 
 

Fig 3.Diffuse reflectance spectra of (a) BaSi2O5:Ce3+, Li+ 
         (b) BaSi2O5:Eu2+ 

 

The diffuse reflectance spectra of Ba0.98Ce0.01Li0.01Si2O5 
and Ba0.99Eu0.01Si2O5 are shown in Fig 3.  In both the cases 
(Ce3+ and Eu2+) we observe multiple absorption bands. 
These bands are due to the participation of outer 5d orbital 
in the optical transition. From the diffuse reflectance 
spectra, it is expected that there could be overlap between 
the Eu2+ and Ce3+ absorption and possible energy transfer 
between them when co doped in BaSi2O5. 
 
3.3 Photoluminescence of BaSi2O5: Eu, Ce, Li 
 

The photoluminescence spectra of BaSi2O5:Eu2+ 

are shown in Fig. 4b.  The excitation and emission spectra 
show two bands which is due to the existence of two 
barium environments in the lattice. We observed a large 
stokes shift in this lattice.  This is due to the fact 
   
  

     Fig. 4 Excitation and emission spectrum of        
      (a) BaSi2O5:Ce3+, Li+ (b) BaSi2O5:Eu2+ 

 
 
that the Eu2+ excited states are in the conduction band6. In 
the excited state there exists a large delocalization between 
excited Eu2+ levels and conduction band. Because of this 
some of the energy is migrated in the conduction band and 
is emitted nonradiatively. This makes the stokes shift for 
these types of emissions large. In case of BaSi2O5:Ce3+, Li+ 
the excitation is at 335 nm and emission is at 417 nm (Fig. 
4a). In both the cases we observed broad excitation and 
emission, which is due to the participation of outer 5d 
orbital in the optical transitions.  

 In order to study the effect of 
concentration of Eu2+ on the photoluminescence emission 
intensity [Fig. 5], the Eu2+ concentration is varied as                
Ba1-xEuxSi2O5:[x = 0.0025, 0.005, 0.0075, 0.01, 0.03].  In 
all these composition we observed two bands at 480 nm 
and 505 nm.  This clearly indicates the existence of two 
barium environments in the lattice.   
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Fig. 5. Emission spectra of Ba1-xSi2O5:[ x = 0.0025, 0.005,      
           0.0075, 0.01, 0.03] 

 
We co-doped Ce3+ in BaSi2O5:Eu2+ and varied the 

concentration of Ce3+ by fixing Eu2+ constant at x = 0.0025 
for  getting better white light composition as shown in Fig. 
6. From the Fig it is clear that as the concentration of 
cerium increases blue emission intensity increases and 
Eu2+  emission intensity enhances.  This clearly indicates 
the presence of energy transfer from Ce3+ to Eu2+ in the 
host lattice.   
 

 
Fig. 6 Photoluminescence emission spectra of                                  
          Ba0.9975-2xEu0.0025CexLixSi2O5:[ x = 0.01, 0.04, 0.08]. 
 

This is also proved by the CIE coordinates as 
shown in Table.1 The phosphor BaSi2O5:0.025Eu2+, 
0.01Ce3+, 0.01Li+ show greenish white emission under 354 
nm excitation. 
 
 
 
 
 
 
 

 
Table 1. Calculated Chromaticity Coordinates.  
 
Composition     (x, y) Coordinates 
 
BaSi2O5: 0.01Ce3+          (0.1663, 0.1279)                                       

BaSi2O5: 0.01Ce3+, 0.0025Eu2+ (0.1741, 0.2335) 
BaSi2O5: 0.04Ce3+, 0.0025Eu2+ (0.1709, 0.2102) 
BaSi2O5: 0.08Ce3+, 0.0025Eu2+ (0.1661, 0.1511) 
  
CONCLUSIONS 
 
 Ce3+ luminescence is studied in BaSi2O5 host 
lattice for the first time. The variation of emission intensity 
with Eu2+ concentration is studied and we observed two 
emission bands.  This is attributed to the different barium 
environments in the lattice. Partial energy transfer is 
observed from Ce3+ to Eu2+ in the compositions                      
Ba0.9975-2xEu0.0025CexLixSi2O5:[ x = 0.01, 0.04, 0.08]. The 
observed emission color varies from blue to green white, 
and the composition BaSi2O5: 0.01Ce3+, 0.0025Eu2+ shows 
reasonable CIE coordinates. This phosphor can find  
application in Solid State Lighting technology under near 
UV excitation. 
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Abstract 

In the present study, we have synthesized 
BaMgVO5 and Ba0.95Eu0.05VO5 by high 
temperature solid state reaction.  
Characterization of these compounds has been 
carried out by powder X-ray diffraction, DRS 
and photoluminescence.  The powder XRD 
patterns show that all the compositions 
crystallize in monoclinic symmetry with space 
group P21/n.  The photoluminescence excitation 
spectra show an intense CT band, which is due to 
Bi-O charge transfer and V-O charge transfer 
and transitions with weak Eu3+ excitation lines.  
The emission spectrum shows yellow emission 
(due to Bi3+ ion) and weak red emission, which is 
due to Eu3+.  The optical properties of the 
brilliantly colored compounds [L (brightness), a* 
(+ red – green), b* (+yellow –blue)] have been 
examined.  These compounds can find 
application as potential yellow colorants.  

1. Introduction 
Bismuth and Vanadium containing 

compounds are of interest in many fields: bright 
yellow pigments, luminescent materials, oxide 
ion conductors and selective oxidation catalysts.  
Energy transfer may occur, when host lattice 
contains more than one activator ion.  This 
emission is known as sensitized emission.  It has 
been reported by Blasse (1) that the phosphors 
containing TaO4, VO4 and MoO4 tetrahedral 
units might give rather efficient luminescence 
via ligand to metal transitions (LMCT).  In the 
present study, we have synthesized the powder 
samples of BaMgVO5 and Ba0.95Eu0.05VO5 by 
high temperature solid state reaction.  
Characterization of these compounds has been 
carried out by powder X-ray diffraction, DRS 
and photoluminescence.  The optical properties 
of the brilliantly colored pigment [L 
(Brightness), a* (+Red –Green), b* (+Yellow –
Blue)] have been examined.                  

 
2. Experimental 
 
2.1 Synthesis 
Reagents Bi2O3 (Cerac 99.9%) Eu2O3 (Cerac 
99.9%), MgO (Cerac 99.7%) and NH4VO3 
(Sarabhai chemicals 99%) were used for sample 
preparation.  The regents were weighed in 
stoichiometric ratio and the reactants were 
ground well to get homogenized mixture.  The 
mixture was preheated at 200ºC/ 6h, 500ºC/ 6h.  
The obtained product was reground and heated 
again at 850ºC for 18h.  
 
2.2 Characterization 
 Powder X-ray diffraction was used to 
check the phase purity and crystalline nature of 
the phases (Rich Seifert - P3000 with Co 
radiation).  Diffraction patterns were recorded in 
the 2θ range of 10 - 70º.  The excitation and 
emission spectra were recorded by using 
fluorescence spectrophotometer (JASCO 
Spectrofluorometer).  All the measurements were 
performed at room temperature. 
3. Results and discussion 
 
3.1. Structure of BiMgVO5 and phase 
formation  

The Structure of BiMgVO5 is isostructural to that 
of BiMPO5 (M = Mn, Co and Ni).  It is formed 
by [Mg2O10], [Bi2O10] and VO4 groups (2,3).  
Two MgO6 octahedra are edge shared to form 
[Mg2O10] and two BiO6 octahedra are edge 
shared to form [Bi2O10].  The structure can also 
be described as a three dimensional network of 
[Mg2O10] dimers and [Bi2O10] dimers linked by 
VO4 tetrahedra.  This forms large tunnels along 
c-axis where Bi3+ is located.  The powder XRD 
patterns of BiMgVO5 and Eu doped composition 
are shown in Fig.1.  All the reflections could be 
indexed based on monoclinic structure with 
space group P21/n (4).  No impurity lines were 
found in the XRD patterns, indicating single 
phase nature of the compound. 



 
 
Fig.1. Powder X-ray diffraction patterns of 
BiMgVO5 and Bi0.9Eu0.1MgVO5 
 
3.2 Photoluminescence 
 
3.2.1 DRS and photoluminescence of parent 
and Eu doped BiMgVO5 

 
The diffuse reflectance spectra (DRS) of 
BiMgVO5 and that of Eu-doped BiMgVO5 are 
shown in Fig. 2. A broad band is attributed to 
Bi3+ 1S0 – 3P1 electronic transition, is seen in the 
parent as well as substituted phases.  The Eu 
substituted composition has additional peak 
which could be attributed that the characteristic 
f-f transitions of Eu3+.   The optical parameters 
[L*, a* and b* parameters] were computed from 
the DRS for the parent and the Eu doped 
BaMgVO5 compositions and the values are given 
in Table 1. below. 
 

Sample L* a* b* 

BiMgVO5 84.68 3.24 48.34 

Bi0.95Eu0.05MgVO5 85.48 6.36 45.75 

 
Table.1 L (Brightness), a* (+Red –Green), b* 

(+Yellow –Blue) parameters for BiMgVO5  and 
Bi0.95Eu0.05MgVO5  

 

 
 
Fig.2. The diffuse reflectance spectra of 
BiMgVO5 and Bi0.9Eu0.1MgVO5 

 

The excitation and emission spectra of BiMgVO5 
are shown in Fig.3. The excitation spectrum 
shows a broad absorption at around 275 nm to 
375 nm peaking at  356 nm.  This broad peak 
could be attributed to the different transitions of 
Bi3+ ion, oxygen to bismuth charge transfer (O-
Bi CT band) and oxygen to vanadium charge 
transfer transitions (O-V CT band).  

 
Fig.3. Photoluminescence excitation and 
emission spectra of BiMgVO5 
 
The excitation spectra of Bi0.95Eu0.05MgVO4 
(Fig.4) show broad band due to charge transfer 
transition from oxygen to vanadium / bismuth 
along with characteristic intra - 4f excitation 
lines of Eu3+ [sharp 7F0 → 5L6 (394 nm) & 7F0 → 
5D2 (465 nm)].  The emission spectrum (Fig.4) 
shows intense yellow emission under 346 nm.  It 
has already been reported that the emission of 
the VO4

3- and the Bi3+ group consists of broad 
bands with wide spectral region.   
 



 
 
Fig.4. Photoluminescence excitation and 
emission spectra of Bi0.9Eu0.1MgVO5 

 
4. Conclusions 
 
 The Eu luminescence has been studied 
in BiMgVO5 and the emission spectra show that 
the yellow emission is dominant and the Eu 
emission is very weak.  The optical properties of 
the parent and Eu activated compounds show 
more L (brightness) and b* (+yellow –blue) 
values.  We believe that these compounds can 
find application as potential yellow colorants.  In 
the near future, we would like to study the 
concentration variation of Eu3+ and quench the 
Bi3+ luminescence using other rare earth ions.  
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Abstract 
 
Search for new and novel phosphors in the green and 
yellow spectral regime, where the human eye is 
sensitive is the topic of current research interest 
worldwide. In the present study, A series of novel 
green emitting phosphors NaY0.95Tb0.05(WO4)2-

x(MoO4)x [x = 0 – 2] have been synthesized by high 
temperature solid state reaction.  Characterization of 
these compounds has been carried out by powder X-
ray diffraction, DRS and photoluminescence.  The 
powder XRD pattern shows that all the compositions 
crystallize in tetragonal structure with space group 
I41/a.  The photoluminescence excitation spectra 
show an intense broad band, which can be attributed 
to W/Mo-O charge transfer and 4f-5d transition of 
Tb3+.  Dominant green emission (5D4 -7F5) has been 
observed for all compositions.  These materials can 
find application as potential green phosphors in low 
pressure mercury lamps.   
 
1. Introduction 
 
Luminescent materials, also called phosphors, can be 
found in a broad range of day –to-day applications 
such as fluorescent tubes, cathode ray tubes (CRTs), 
projection televisions (PTVs), plasma display panels 
(PDP) and field emission displays (FDS).  
Appropriate spectral distribution of light in various 
systems is nowadays mostly generated with phosphor 
materials that act as the final partner in the energy 
transfer chain and emit photons in the visible, UV or 
IR spectral range.  There is a growing interest in the 
search for an inexpensive phosphor system suitable 
for application in high efficiency trichromatic 
fluorescent lamps (1).  Many rare earth ions, due to 
their partially filled 4f orbitals, are effective 
activators for luminescent materials. Rare earth ion 
emission can be improved by the following ways: 
when more than one rare earth ion is present in the 
host lattice, energy transfer may occur among these 
ions.  This emission is known as sensitization 
emission.  It is found by Blasse (2) that phosphors 
containing TaO4, VO4 and MoO4 tetrahedral units 
might give rather efficient luminescence via ligand to 

metal transitions (LMCT).   With this in view, we 
have investigated, the luminescent properties of 
NaY0.95Tb0.05(WO4) and NaY0.95Tb0.05(MoO4).  
Further we have varied the molybdate content in the 
NaY(WO4)2 host lattice and studied the 
photoluminescent property. 
 
2. Experimental 
 
2.1 Synthesis 
Reagents Y2O3 (Cerac 99.9%) Tb4O7 (Cerac 99.9%), 
WO3 (Alfa 99.7%) and H2MoO4 (Sarabhai chemicals 
99%) were used for sample preparation.  The regents 
were weighed in stoichiometric ratio and the reactants 
were ground well to get homogenized mixture.  The 
mixture was preheated at 500ºC for 48h and then the 
obtained product was reground and heated again at 
800ºC for 60h.  
 
 
2.2 Characterization 
 Powder X-ray diffraction was used to check 
the phase purity and crystalline nature of the phases 
(Rich Seifert - P3000 with Co radiation).  Diffraction 
patterns were recorded in the 2θ range of 10 - 70º.  
AUTOX programme was used to calculate the lattice 
parameters.  The excitation and emission spectra were 
recorded on a spectrofluorometer (FP-6500, Jasco).  
All the measurements were performed at room 
temperature. 
3. Results and discussion 
3.1. Phase formation 

 NaY(WO4)2 and NaY(MoO4)2 
belong to the scheelite structure with a tetragonal unit 
cell and the space group I41/a.  The cell parameters 
are;    a = 5.205 Å, c = 11.251 Å for NaY(WO4)2 and 
a = 5.199 Å, c = 11.330 Å for NaY(MoO4)2 [3, 4].  In 
this structure sodium and rare earth ion are disordered 
in the same site and are eight coordinated by oxygen 
ions.  Tungsten or molybdenum (W6+/Mo6+) ions are 
coordinated by four oxygen ions in a tetrahedral site.  
The powder X-ray patterns are shown in Fig.1.  All 
the peaks are indexed on the basis of tetragonal 
structure with space group I41/a.  All the 
compositions show single phase formation with good 



crystallinity.  No impurity phase is observed in all the 
compositions indicating that the complete solid 
solution has been achieved and the Tb3+ has been 
incorporated in the host lattice.  The calculated lattice 
parameters a and c values are tabulated in Table.1. 

 
Fig.1. Powder X-ray diffraction patterns of 
NaY0.95Tb0.05(WO4)2-x(MoO4)x (x = 0- 2) with 
parent compounds 
 

Table 1. Lattice parameters of NaY0.95Tb0.05(WO4)2-

x(MoO4)x [ x = 0.25 – 2] with parent compounds 
 

Compositions 
 

‘a’ (Å) ‘C’ (Å) 

NaY(WO4)2 

 
5.202(1) 11.336(4) 

NaY0.95Tb0.05(WO4)2 5.202(1) 11.281(4) 

NaY0.95Tb0.05(WO4)1.75(MoO4)0.25 
 

5.212(1) 
 

11.294(4) 

NaY0.95Tb0.05(WO4)1.5(MoO4)0. 5 
 

5.210(1) 
 

11.295(4) 

NaY0.95Tb0.05(WO4)1.25(MoO4)0. 75 
 

5.208(1) 
 

11.307(4) 

NaY0.95Tb0.05(WO4)(MoO4) 
 

5.207(1) 
 

11.303(4) 
 

NaY0.95Tb0.05(WO4)0.75(MoO4)1.25 
 

5.205(1) 
 

11.315(4) 
 

NaY0.95Tb0.05(WO4)0.5(MoO4)1.5 
 

5.203(1) 
 

11.313(4) 
 

NaY0.95Tb0.05(WO4)0.25(MoO4)1. 75 

 
5.203(1) 
 

11.321(4) 
 

NaY0.95Tb0.05 (MoO4)2 
 

5.202(1) 
 

11.336(4) 
 

NaY (MoO4)2 
 

5.196(1) 
 

11.242(4) 

 
3.2 Photoluminescence 
3.2.1 Luminescence of  NaY0.95Tb0.05(WO4)2-

x(MoO4)x [ x = 0.25 – 2] 
The excitation spectra of NaY0.95Tb0.05(WO4)2-

x(MoO4)x [x = 0 - 2] are shown in Fig.2.  The spectra 
show sharp lines in the region 340 to 400 nm with a 

broad band at around 220 to 345 nm, which is due to 
charge transfer transition of WO4/MoO4 group.  Sharp 
lines are due to transitions between energy levels of 
the 4f 5 configuration of Tb3+ ion in the host lattice.   

 
Fig.2. Photoluminescence excitation spectra of 
NaY0.95Tb0.05(WO4)2-x(MoO4)x (x = 0, 1 and 2) 

 
The emission spectra of select compositions in the 
series NaY0.95Tb0.05(WO4)2-x(MoO4)x [x = 0 - 2] are 
shown in Fig.3.  The emission spectra show three 
lines at ~490, ~550 and 585 nm, due to f-f transition 
of Tb 3+ ion.  The three emission lines correspond to 
the           5D4 – 7F6, 

5D4– 7F5 and 5D4 – 7F4 electronic 
transitions respectively.  Among all the lines 5D4– 7F5 
line is dominant in the emission spectrum. The best 
luminescence green emission is obtained for 
NaY0.95Tb0.05(WO4)2 composition.  The green 
emission lines have also been observed under Tb3+ 
excitation but the intensity is very less as compared to 
charge transfer band excitation.  This can be 
attributed to the sufficient energy transfer between 
CT bands of WO4/MoO4 group to Tb3+ levels [2].  
The variation of relative emission intensity vs 
tungstate/molybdate content is shown in Fig 4.   

 
Fig.3 Photoluminescence emission spectra of 
NaY0.95Tb0.05(WO4)2-x(MoO4)x (x = 0, 1 and 2) 



 
 
Fig.4. The emission intensity Vs variation of 
WO4/MoO4 content 
 

 
4. Conclusions 
 In the NaY0.95Tb0.05(WO4)2-x(MoO4)x (x = 0- 
2) series of compositions with Scheelite structure, all 
Tb3+ activated compositions show an intense 
absorption band in the UV region.  The emission 
spectra show a dominant green emission.  We believe 
that these phosphors have potential application in low 
pressure mercury lamps. 
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ABSTRACT 
 
Graded index polymer optical fiber (GIPOF) is considered to be a good choice for providing inexpensive high 
bandwidth data link for local area networks and telecommunication applications due to their parabolic refractive index 
distribution. Development of interfacial-gel polymerization technique enabled the dramatic reduction in the total 
attenuation of the GIPOF. It is considered to be one of the potent methods to prepare GI preform. A novel graded index 
(GI) poly (methyl methacrylate)(PMMA) optical fiber preform was prepared by interfacial gel polymerization carried 
out in a PMMA tube. Diphenyl phthalate (DPP) a higher refractive index molecule was used to obtain a graded index 
distribution and Rhodamine B was used as a laser dye. The sample was illuminated laterally with a Diode Pumped Solid 
State laser (DPSS) emitting at 532 nm. The fluorescence emission was measured from one end of the rod by varying the 
point of excitation. We observe that the peaks exhibit a red shift of about 10 nm while varying the point of excitation 
through a distance of 3.5cm of the rod. The extend of doping of the Rh B was also studied by axially exciting a thin 
slice of the rod with white light and measuring the intensity of fluorescence at 590 nm at various points. The maximum 
fluorescence intensity was obtained at the axis due to the variation in the extend of doping and due to the light focusing 
property of the rod. 
 
 
1 Introduction 
 
In the last few years, interest in polymer optical fibers 
(POFs) has increased significantly because of its ease 
of handling, flexibility and potential low cost. 
Although the loss of POF is still much higher than that 
of silica optical fiber, recent progress has led to poly 
(methyl methacrylate) based POF with a loss less than 
100 dB/km, low enough for many short length 
applications[1] Vast majority of optical amplifiers are 
based on an optic fiber doped with a fraction of a 
percent of the rare-earth element erbium. Although 
rare-earth doping has been generally used in silica, 
research laboratories have been working to develop 
stable rare-earth doped polymer lasers and amplifiers. 
The main issue with rare earth doped polymer lasers 
and amplifiers have been pumping inefficiencies due 
to the de- excitation of the excited states caused by the 
IR absorption in the polymer. In bulk form, Polymer 
hosts impregnated with certain dye have now 
achieved an 80% conversion efficiency from pump 
power to signal power with tuning range close to 
those in solution. Dye –doped POF’s can be made into 
useful fiber amplifiers and lasers that operate at 
wavelengths other than 1300nm and 1550 nm[2-5]. 
Optical amplifiers and lasers made of dye doped fiber 
require much less pump power than in bulk material 
because of the effective confinement and long 
interaction length available in the fiber. Since photo 
bleaching increases with the increase of the exposure 
intensity, a low pump intensity would increase the life 
time of the gain medium. Also, the thin and long 
geometry of the fiber is ideal for good thermal 

relaxation to minimize the thermally induced photo 
bleaching [6]. 
 
2 Experimental 
 
The dye doped graded index polymer optical fiber 
preform was prepared by the well-known interfacial 
gel polymerization technique where initially a hollow 
cylinder of polymer is prepared. In the second phase 
of polymerization, diphenyl phthalate (DPP)a higher 
refractive index molecule, was added and the laser 
dye RhodamineB was introduced. To obtain, any 
particular refractive index profile in the core along the 
radial direction, a preform with the desired profile can 
be employed. The preform is a cylinder of polymer 
whose refractive index distribution can be made to 
coincide with that desired for the POF’s core, so this 
technique is very versatile [7]. 
 
       Interferometry is an accurate method for 
determining the refractive index profile of both 
preforms and fibers. We have measured the refractive 
index profile of the solid rod using the slab method 
where a thin slice of the preform was cut, polished 
and kept in one of the arms of a Mach Zender 
interferometrer. The light passing through the slab 
undergoes a phase shift which depends on the optical 
path length. The field displacements for the points 
within the fiber core are then measured using the 
parallel fringes outside the fiber core in the cladding. 
The refractive index difference between the core and 
cladding can be calculated from the fringe shift S(r) 
and the parallel fringe spacing D (in the cladding) 
according to the relationship [8] 
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where λ is the wavelength of the measuring light, d is 
the slab thickness. The parameter S(r) is the central 
field deviation at a distance r measured from the 
baseline connecting the same cladding fringe at both 
sides of the core as shown in Figure 1 
 

 
 
Fig.1.  Field displacements at different points in the slice 
 
The length of the preform fabricated for the 
fluorescence studies was 3.5 cms in length and its 
diameter was 1.3 cms. It was pumped using a Diode 
Pumped Solid State (DPSS) laser emitting at 532 nm. 
The laser was mounted on a translational stage and the 
preform was kept stationary. The technique of side 
illumination fluorescence was used for recording the 
fluorescence spectrum by focusing the laser at various 
points and collecting the fluorescence signal from one 
face of the rod [9]. At each point of illumination the 
fluorescence spectrum was recorded using a 
Spectrapro-500i Spectrograph coupled with a CCD 
camera having a resolution of 0.03nm. 
 
4 Results and discussion 
 
Using interfacial gel polymerisation technique, a dye 
doped graded index polymer fiber preform was 
fabricated. Figure 2 shows the photograph of the 
preform along with its cross section. 
                               

 
 
Fig 2. Dye Doped Graded Index Polymer rod & its Cross 
section 
 
 A thin slice of the polished preform was prepared and 
placed in one of the arms of a Mach-Zender 
interferometer and the shift in the fringes for various 
positions of the slice was found by taking a 
photograph of the fringe pattern. Fig.3 shows the 
photograph of such a pattern obtained for a sample of 
thickness 0.8 mm. Fluorescence spectra were recorded 

for various points of illumination.  
 

          
Fig.3. The Photograph of the fringe pattern 

 
Figure 4 shows the transmitted fluorescence light as a 
function of propagation distance through the preform. 
It is seen that the output intensity decreases with the 
propagation distance. It was also observed that the 
peaks exhibit a red shift of about 10 nm while varying 
the point of excitation through a distance of 3.5 cm. 
The red shift of the fluorescence signal is produced by 
the self absorption of the dye due to the overlapping 
of the absorption and fluorescence spectra of the RhB. 
After a distance of 3.2 cms, the red shift shows 
saturation. 
 

  
Fig 4. The transmitted fluorescence light using side     
illumination 
    

 
Fig. 5:  Refractive index profile of the preform. 
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Fig 5 shows the refractive index profile of the 
fabricated preform. It was found that the maximum 
difference in the refractive indices between core and 
cladding is 0.015±(2) and it occurs along the axis of 
the preform and it gradually decreases towards the 
cladding.  Figure 3 shows the photograph of the fringe 
pattern that is used for the calculation of refractive 
index profile. 
 
After proper calibration, the extent of doping of the 
dye rhodamine.B was also studied. The axial 
excitation of a thin slice of the rod using white light 
and measuring the fluorescence signal at 590 nm at 
various points shows that the maximum extent of 
doping of the dye molecules occur along the axis of 
the rod. The maximum fluorescence intensity along 
the axis is due to the variation of extent of doping and 
due to the light focusing property of the rod. 
 
Conclusions 
 
A graded index polymer optical fiber preform was 
fabricated using the interfacial gel polymerisation 
technique and its refractive index profile was 
measured using the interferometric technique. It was 
seen that the refractive index varies from the value 
1.492 in the cladding to 1.507 at the axis. This 
suggests that one can fabricate cladded polymer 
optical fiber with dye doped core using this preform. 
Such dye doped optical fibre can be employed to 
develop fibre amplifier in the visible region. The 
fluorescence characterization of the preform shows 
that it exhibits a red shift of about 10 nm while 
varying the point of excitation through a distance of 
3.5 cm. The variation of dye concentration 
incorporated in the core region of the preform has 
been studied by measuring the fluorescence intensity 
across the output end. results show maximum 
intensity along the axis, as expected. Dye doped fiber 
using this preform will be drawn in the next phase of 
the studies. 
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Abstract 

Ca3MgSi2O8 is known to be an excellent host material with multiple sites available for 

doping various luminescent centres. Eu doping in Ca3MgSi2O8 produces a blue emission 

and it is excitable in the near UV region. Eu activated Ca3MgSi2O8 was synthesized by 

conventional solid state carbothermal reduction technique. Eu concentration was varied 

from 1 to 5 mol% to optimize the photoluminescence (PL) emission intensity. The crystal 

structure was examined by X-ray diffraction which confirmed the formation of 

Ca3MgSi2O8 phase. The PL emission spectrum showed a narrow band emission with the 

emission wavelength peaking at 475 nm due to 4f-5d transitions of Eu2+ ion and the 

excitation spectrum showed a broad band in the range 220 nm to 430 nm. 

Introduction 

 Alkali earth silicates are very useful luminescent hosts with stable crystal 

structure, and high physical and chemical stability. Fluorescence of Eu2+ - activated 

binary and ternary silicates have been studied for many years [1,2]. An equilibria and 

Eu2+ luminescence of subsolidus phases bound by Ba3MgSi2O8, Sr3MgSi2O8 and 

Ca3MgSi2O8 were reported by Barry [3]. The emission and excitation spectra of the Eu2+
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ion usually consist of broad bands due to transition between the 8S7/2 (4f7) ground state 

and the crystal field components of the 4f65d excited state configuration. One of the 

advantages of the Eu2+ ion is its emission spectrum which varies from ultra-violet to red 

depending on the nature of the host lattice. The other important parameters, that 

influences the emission properties are covalency, size of the cation and crystal field 

strength [4,5]. L. Huang and his coworker reported the Ca3MgSi2O8:Ce phosphor with 

two kinds of emission maxima in the host [6]. Luminescent properties of long after glow 

in Ca3MgSi2O8:Eu2+, Dy3+ phosphor was studied by L. Yuanhua et al. [7]. 

 In this work, we report on the synthesis of Eu2+ activated Ca3MgSi2O8 by 

conventional solid state reduction method. Optimization of luminescence properties were 

carried out by varying the dopant concentration. The excitation spectrum covers a broad 

band from 220 nm to 430 nm, and found promising for UV and near UV excitable 

phosphor in the field of phosphor converted light emitting diode.  

Experimental 

Blue light emitting Eu2+ doped Ca3MgSi2O8 phosphor has been synthesized by 

conventional solid state carbothermal reduction method using luminescent grade 

chemicals (purity ~ 99.5+ %). The starting ingredients consisted of CaCO3 (STREM 

Chemicals, 99.95%), 4MgCO3.Mg(OH)2.5H2O (Central Drug House (CDH), 99%), SiO2, 

Eu2O3 (Indian Rare Earth, 99.9%) and carbon (analar reagent AR). Carbon is used as a 

reducing agent. In order to optimize the emission intensity, the Eu concentration was 

varied from 1 to 5 mol%. As per the calculation, the chemicals were weighed 

stoichiometrically using the above chemical ingredients. The mixture was ground well in 

an agate mortar into a fine powder. Subsequently, the powder mixtures was placed in a 
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crucible along with reducing agent (carbon), kept in a muffle furnace, fired at 1200oC for 

12h. The calcined compounds were subjected to intermittent grinding followed by firing 

at 1200oC for 12h to achieve the host crystallinity and proper doping of Eu2+. 

 Phase analysis was examined by X- ray powder diffraction (XRD) using Cu Kα 

radiation (P3000, Rich Seifert, Germany) with a source power of 35kV and 20mA. The 

phase was examined by analyzing XRD patterns and unit cell parameters were calculated 

from the diffraction data using autox software. PL emission and PL excitation spectra 

were recorded at room temperature using (Fluorolog) fluorescence spectrophotometer 

operating in the wavelength region 200 to 700 nm using a 350W xenon lamp. 

Result and Discussions 

 The XRD pattern of Eu2+ doped Ca3MgSi2O8 phosphor synthesized by calcining  

at 1200oC for 12h followed by intermittent grinding,  heated at 1200oC for 12h in a 

reducing carbon atmosphere is shown in Fig.1.  
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Fig.1 Powder x-ray diffraction pattern of Ca3MgSi2O8:Eu0.01 in comparison with JCPDS.  

The pattern conforms the formation of Ca3MgSi2O8 host (Merminite) in monoclinic 

crystal structure. 
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Photoluminescence (PL) studies 

 The photoluminescence excitation and emission spectra are shown in Fig.2.  The 

excitation spectrum shows a very broad absorption in the UV region with an excitation 

maximum at 330 nm and a shoulder at 300 nm. The emission spectrum showed a very 

narrow band emission peaked at 475 nm. The optical transition is ascribed to the electric 

transition from 4f7 � 4f 65d1 levels of Eu2+ ion.  
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Fig.2 Emission and excitation spectrum of Ca3MgSi2O8:Eu0.01 phopshors. 

 The 4f orbital is less affected by the crystal field because it is shielded by the 

outer 5d and 6s orbitals, whereas the outer 5d orbital is strongly influenced by the crystal 

field. The accounts for broadness in the excitation and emission spectra are predicted due 

to the participation of 5d orbital in the optical absorption or emission phenomenon. There 

is no appearance of emission from Eu3+, which confirms that Eu3+ has been converted to 

Eu2+. The prediction of position in energy of emission has been calculated by VanUitert 

[8] using the empirical relation  

 E = Q[1 – (Z/4)1/õ x 10-(n.ea.r/8)] 
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This can give an exact fit to the emission peak or excitation edge data for the Eu2+. 

Where Q is the position in energy for the lower d-band edge for the free ion which is 

34,000cm-1, Z is the valence of the cation, here it is 2, n is the coordination number of 

anions, and ‘ea’ is the electron affinity of the anions which is 2.5. r is the radius of the 

host cation replaced by the active cation (Eu2+) in the host crystal. It is reported that in 

Ca3MgSi2O8 host lattice, Ca2+ experiences two different coordination numbers (8 & 9), 

and the corresponding r values are 0.112 nm and 0.118 nm, respectively. Similarly, for 

Mg the coordination number is 6 and has an ‘r’ value of 0.065 nm [9]. By substituting 

these values in above equation, the resultant calculated emission wavelength is equal to 

the reported by Y.Lin [7]. The observed wavelength (475 nm) is nearer and acceptable to 

the calculated wavelength of Eu2+ in the eight coordinated Ca2+(I) site (467.7 nm). This 

difference could be considered due to small variation in the crystal field around the Eu2+. 

However for the ninth coordinated Ca2+ (II) site, the calculated wavelength has not 

appeared in the observed emission spectrum. The occurrence of emission due to Eu2+ in 

Ca2+(I) site is true, because its r (0.112) value is equal to the r value of Eu2+, whereas in 

Ca2+ (II) site, the r (0.118 nm) value differs from that of Eu2+ and hence no emission is 

observed. The probability of Eu2+ occupation in the Mg site is zero due to difference in 

ionic size, hence there is no possibility of occurrence of emission. 

 Figure 3. shows plots of emission spectra with various concentration of Eu2+ ion. 

In order to study the effect of concentration of Eu2+ on the photoluminescence emission 

intensity, the concentration is varied from 1 to 5 mol%. The increase of Eu2+ 

concentration leads to an increase in photoluminescence intensity, attains a maximum 

value at 2 mol% and further increase in concentration leads to decrease in emission 
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intensity. This shows the occurrence of energy migration between Eu2+ in different sites 

in the lattice, resulting in concentration quenching; it is a phenomenon of loss of energy 

due to non-radiative transition from one Eu2+ ion to another Eu2+ ion. 
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Fig.3 Emission spectra of Ca3(1-x)MgSi2O8:Eux Phosphors.  

Fig. 4 shows the plot of excitation spectra of Ca3MgSi2O8:Eu phosphors for the change in 

Eu concentration from 1 to 5 mol%. The nature of the excitation spectra is very broad 

starting from 250 nm to 450 nm having two excitation maxima at 300 nm and 365 nm. 

One of the advantages of the broad band spectra is that it can excitable with a wide range 

of excitation wavelength in the near UV region which is essential for solid state lighting 

using UVLED excitable technique. The intensity of the excitation spectra increases with 

Eu2+ concentration and saturates at 3 mol%. Further increase in dopant concentration 

tends to decrease the excitation intensity due to energy migration.  
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Fig.4 Excitation spectra of Ca3(1-x)MgSi2O8:Eux Phosphors.  

Conclusion 

 The synthesis of Ca3(1-x)MgSi2O8:Eux phosphor was carried out by conventional 

solid state carbothermal reduction method. The variation of dopant concentration was 

done to optimize the emission properties and maximum value is obtained at 3 mol%. The 

excitation spectra showed broad band transitions which is quite suitable for the utilization 

in the near UV based solid state lighting. The emission maxima at 450 nm with a bright 

intensity showed that this phosphor could be used as a blue light emitting phosphor for 

phosphor converted (pc) LED applications. 
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Abstract  

Eu2+ activated strontium pyrophosphate (Sr2P2O7:Eu) and borate modified strontium 
pyrophosphate (Sr2P2O7-B2O3:Eu) were prepared by solid state reaction and were studied for  near UV LED 
converted white light emitting behavior. It was observed that at the excitation of UV light (365 nm), Eu in 
strontium pyrophosphate shows a narrow band emission with an emission maxima at 420  nm whereas the 
borate modified pyrophosphate shows a bluish green emission at 480 nm along with the 420 nm emission. 
The excitation spectrum shows a very broad band excitation which starts from 220 nm to 430 nm. The 
phosphor shows a very bright white light with excitation at 365 nm (UV lamp).  

             Introduction 

Eu2+-Sr2P2O7 has been reported for the 
application in phototherapy lamps because of its 
emission at 420 nm [1]. Moreover, Mn co-doped 
with Eu has been suggested as a potential phosphor 
that could be used in conjunction with other green 
emitting phosphors for obtaining white light 
emission for near UV LED devices [2]. The major 
advantages of this material is that the Eu-ion could 
be substituted in Sr2P2O7 lattice in divalent state 
because of high cohesive energy possessed by the 
phosphate group and divalent Sr ion [3].  

         Experimental  

Eu doped strontium pyrophosphate and 
strontium pyrophosphate – borate were prepared by 
heating the mixture of strontium hydrogen 
phosphate, boric acid and europium oxide at 
elevated temperature. All the phosphor materials 
were heated at 1000o C for 4-6 h in a reducing 
atmosphere. All the phosphor materials were 
characterized by X-ray powder diffraction method 
and photoluminescence (PL) by fluorescence 
spectrophotometer.   

        Results and Discussion 

X-ray diffraction analysis of the sample 
confirmed the formation of á-Sr2P2O7.  However, 
the addition of B2O3 shows additional peaks along 
with pyrophosphates. This crystal structure is 
different from the pyrophosphate structure [4]. 
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Fig.1 PL emission spectra Sr2P2O7:Eu and Sr2P2O7-
B2O3:Eu at the excitation of 365 nm 

 Figure 1 shows photo-luminescent 
emission spectra of divalent europium doped  
Sr2P2O7 and Sr2P2O7-B2O3. The emission spectrum 
of Eu doped Sr2P2O7 shows a narrow emission band 
with a emission maximum at 420 nm whereas the 
Sr2P2O7-B2O3 shows two peaks, one at 420 and the 
other at 490 nm (blue green emission) with a broad 
peak which extends upto 600 nm. This phosphor 
material shows a very bright white light at the 
excitation near UV at 365 nm. From both the 
emission spectra it is clearly observed that there is 
no emission from trivalent Eu which is generally 
observed as line emission in the region from 500 to 
650 m. This clearly showed that europium ions can 
be stabilized in Sr2P2O7 lattice in a divalent state. 
The strong emission due to Eu2+ ions is associated 
with the allowed transitions of 5d � 4f.  
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Fig.2. PL excitation spectra of Sr2P2O7:Eu and 
Sr2P2O7-B2O3:Eu at the emission of 420 nm and 
also at 485 nm. 

Figure 2 shows the excitation spectra of 
Sr2P2O7:Eu and Sr2P2O7-B2O3:Eu at the emission 
wavelength of 420 and 490 nm. The excitation 
spectra of Eu2+ in Sr2P2O7 and Sr2P2O7-B2O3 shows a 
fine structure, superimposed on the broad excitation 
band due to the exchange interaction between 5d 
electron with 4f6 electron leading to the stair case like 
feature [3]. The excitation spectrum is seen to be 
extended from 220 to 430 nm. It is possible to 
obtain high color rendering indexes (CRI) if this 
phosphor material is mixed with yellow color 
emitting phosphor.  
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Fig.3.Luminescent emission   spectrum of Sr2P2O7-
B2O3 :Eu at the excitation of near UV lamp  

Figure 3 shows a photo-luminescent 
emission spectrum of Sr2P2O7-B2O3:Eu excited at 
near UV radiation source (365 nm). On the 
exposure of this phosphor under UV light, we can 
see a bright white light generated from the 
phosphor. From the figure we can clearly see that 
other than the source light (365 and 410 nms), there 
are two emission bands which are peaked at 420, 
485 nms. Since this emission is covering from 400 

to 550 nm, the generation of white light is possible. 
This is parallely confirmed through the emission 
spectrum as given in the Fig.1. 

                  Conclusions 

Divalent Eu doped activated strontium 
pyrophosphate (Sr2P2O7:Eu) and borate  modified 
strontium pyrophosphate (Sr2P2O7-B2O3:Eu) were 
prepared by solid state reaction method and were 
studied for a near UV LED converted blue light and 
white light emitting phosphors, respectively. The 
results clearly show that the europium doped 
strontium pyrophosphate yields a strong blue 
emission at 420 nm whereas as the borate added 
strontium pyrophosphate yields white light at the 
excitation of 365 nm which comprises of  narrow 
band blue emission at 420 nm and a bluish green 
emission peak at 490 nm. The borate added 
phosphor shows a very bright white light at the 
excitation of 365 nm UV lamp and could be even 
excitable up to near blue region.  
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Abstract  

Gd and La co-doped YAG:Ce (Y3Al5O12:Ce) was prepared by citric acid sol-gel method and the 
effect of co-dopants was studied on the luminescent properties of Ce. YAG:Ce showed a broad band 
emission with a peak at 533 nm whereas the addition of Gd and La showed a significant red shift on the Ce 
emission with emission maxima at 556 and 576 nm respectively. Photoluminescent excitation and emission 
properties were studied on these materials with respect to the application in white light generation by 
converting blue light emitting LEDs at 465 nm.  

Introduction 

In general, all the semiconductor based 
LED emission are monochromatic in nature and 
tuning emission of colors including white light is 
possible only by applying phosphors which emit 
with different colors. Y3Al5O12-Ce, in short YAG: 
Ce, is widely used as a color correcting phosphor 
material for high pressure mercury lamps because 
it absorbs blue light. Recently, this phosphor has 
gained great deal of importance and has been 
found to be an efficient phosphor material for 
converting blue LED radiation into a very broad 
intense yellow emission band [1,2]. The solution 
sought by several manufacturers in the use of 
modified YAG in which part of yttrium is replaced 
by larger ionic size rare earth ions [3,4]. These 
larger ionic sized ions shift the Ce emission to 
longer wavelengths and color temperature could be 
changed. Because Ce emission in the YAG is lacks 
the coverage in the red region, the color rendering 
index (CRI) of this phosphor is lower. In this 
work, we have attempted to prepare YAG:Ce with 
various co-dopants like Gd or La at the Y-site and 
studied their effect on the spectral shift compared 
to that of parent YAG:Ce phosphor. To prepare 
YAG with homogenous mixing of Ce, Gd and La 
at molecular level, we applied citric acid gel 
method. This method leads to the formation of  
YAG phase at low temperatures.  

Experimental 

To prepare the phase pure YAG:Ce and 
co-doped with Gd and La, the required amounts of 

corresponding metal nitrates were dissolved in 
water. Required amount of citric acid was then 
added. The solution was continuously stirred for 
several hours at 80°C to form a transparent gel.  
The gel was heated to 4000C an auto-combustion 
process took place yielding a yellowish fluffy 
precursor. All the precursors were heated at 
1100oC for 6 h. X-ray diffraction data was 
collected using Seifert XRD 3000P powder 
diffractometer with Cu-Ká-radiation. The 
excitation and emission spectra were obtained by a 
Fluorolog (USA), fluorescence spectrophotometer 
by using a 1000 W Xe lamp as excitation source.  

Results and discussion 

The X-ray powder diffraction pattern of 
the YAG:Ce, co-doped with Ga (0.5 mole) and La 
(0.5 mole) are indexed as Y3Al5O12 phase (JCPDS 
file 33-40) and no impurity peaks are detected. No 
other diffraction peaks appeared for the Gd and La 
doped samples indicating that these elements are 
doped into the YAG lattice [5]. The addition of Gd 
and La to the YAG showed a clear shift to lower 
angle which clearly shows the doping of Gd and 
La at the Y site. The shift in 2è bragg reflection is 
due to the fact that  Gd3+ (1.08Å) and La3+ (1.17 
Å) are higher in ionic sizes than Y (1.04 Ao) which 
leads to the expansion of the lattice .  

Figure 1, shows excitation spectra of 
YAG:Ce co-doped with Gd and La.  There are two 
Ce3+ absorption bands in the region between 300 
and 500 nm. They are centered at 342 and 462 nm 
due to the crystal-field splitting of the 5d state 



[6].This Ce excitation band covers from 400 – 500 
nm where this emission is found to be intense and 
and peaks provides a basis to apply the phosphor 
to blue GaN LEDs. The PL intensity of phosphors 
shows that there is a decrease in intensity for the 
Gd and La co-doped YAG:Ce.  
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Fig.1. PL Excitation spectra YAG:Ce co-doped 
with Gd and La.  
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Fig.2. Emission spectra YAG:Ce  co- doped with 
Gd and La. 

The photoluminescence (PL) emission 
spectra of YAG:Ce and co-doped with Gd and La 
are shown in Fig.2. From the emission spectra it 
was observed that the YAG:Ce showed a broad 
band emission with a peak at 533 nm whereas the 
addition of Gd and La showed a significant red 
shift on the Ce emission with a emission maxima 
at 556 and 576 nm, respectively. The PL emission 
spectra show a very broad band emission with 
peaks centered at 540 nm, which is due to the 
overlapping of two energy levels in Ce (2D-2F5/2 
and 2D-2F7/2) at the excitation of 465 nm. The shift 
of peaks to a higher wavelength indicates that the 
lowest 5d has a shift to higher energy level due to 
the higher ionic size ions viz, Gd and La. It is 
reported that the change of unit cell affects the 

crystal field around Ce3+, and causes the red shift 
of spectra [6]. As observed from the XRD patterns 
that the shift in the 2Ł value of diffraction peaks to 
left side due to Gd and La co-doping leads to 
increase in the lattice parameters. Therefore, the 
shift of peaks results from the change in crystal 
field around Ce3+ ions. However, the relative 
emission intensity for Gd and La co-doped 
phosphor is decreased about 2.1 and 2.5 times  
compared to that of YAG:Ce.  

Conclusions 

 Gd and La co-doped YAG:Ce 
(Y3Al5O12:Ce) was prepared and their luminescent 
properties were studied at the excitation 465 nm 
for  application in white light generation through 
blue LED excitation. The Gd co-doped samples 
showed a shift by about 20 nm and La co-doped 
one showed about 40 nm shift from that of 
YAG:Ce phosphors which emit at 533 nm. The La 
doped phosphor showed a warm white light 
emission and this phosphor could be mixed with 
YAG:Ce to generate  more white color shades 
depends on the blend ratio. 
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Abstract 

Polypyrrole (PPY) is one of the prominent 
conducting polymers owing to its high electromagnetic 
shielding properties, appreciable conductivity, 
interesting optical properties and good environmental 
stability. Yet its comparatively low mechanical 
strength and difficulty in processing limit its 
applications to some extent. It is reported that making 
composites of PPY with conventional polymers such as 
Polymethylmethacrylate (PMMA), significantly im 
proves the mechanical strength and processibility. Here 
we have used bulk polymerized PMMA to synthesize 
PPY-PMMA composites. The F.T.I.R spectrum reveals 
that PPY has been dispersed as an interpenetrating 
network in the PMMA matrix. We have also studied 
the variation in photoluminescence behaviour of PPY-
PMMA composites with different pyrrole to PMMA 
feed ratios. It is observed that the photoluminescence 
intensity increases with increase in the PMMA content 
in the composite.  
Keywords 

1.Exciton 
2.Interpenetrating network 
3 PPY-PMMA Composites 
 

1.Introduction 
For the last two decades, conducting polymers 

have emerged as one of the exciting areas of 
experimental research. The main reason for it is the 
possibility to control the electrical conductivity of these 
polymers from insulating to metallic and even to super 
conducting by proper doping with suitable dopants. [1] 
Most of the conducting polymers show good optical 
properties also. Hence there have been substantial 
efforts to synthesize conducting polymers for specific 
technological applications. Conducting polymers have 
several other advantages also such as plasticity, low 
cost, lightweight and ease of fabrication. 

In spite of all these attractive properties, many 
of the conducting polymers have low mechanical 
strength and are difficult to process. The mechanical 
strength as well as processibility can be improved by 
making composites with suitable polymers. [2,3] In 
addition to it, the properties of the guest polymer can 
be beautifully blended with that of the host polymer. 
Mechanical blending and chemical insitu 
polymerization are the common methods to prepare 
polymer composites. Of the two, chemical 
polymerisation gives more uniform composition. [4] 

Polypyrrole is easy to synthesise and has good 
electrical as well as electromagnetic shielding 
properties. In addition to it, it also shows 
photoluminescence. We have recently observed that the 

luminescence intensity of polyaniline (PANI) can be 
enhanced considerably by making composites with 
PMMA.That is why we have extended our studies to 
PPY-PMMA composites also. 

A major limitation of Polypyrrole is its low 
mechanical strength. The mechanical strength of PPY 
can be enhanced by making composites with 
PMMA.Also the excellent optical properties of PMMA 
can be suitably incorporated into the host polymer. In 
the present paper we report a novel synthesis route for 
the preparation of PPY-PMMA composites and the 
structural and optical characterization of these 
composites.                                                                                                      
 
2.Experimental  
 2.1. Synthesis 

In order to fully exploit the excellent optical 
properties and the mechanical strength of PMMA, we 
have worked with bulk polymerized PMMA instead of 
the widely used emulsion polymerized PMMA. Pyrrole 
was mixed with hydrochloric acid. PMMA dissolved in 
toluene was added to it. Ammonium peroxidisulphate 
was added drop wise to the resulting mixture with 
continuous stirring. The temperature was maintained at 
around –100C and stirring was allowed to proceed for 
4-5 hours. The precipitate was filtered, washed several 
times and dried. The toxicity of PPY-PMMA 
composite is very low compared to pyrrole. Since the 
temperature is low and the molarity of the oxidant 
high, the amount of unutilized reagents is very small. 
Hence the synthesis is very much environment friendly 
  
2.2.FT IR studies 

The Fourier Transform Infra Red Spectrum of 
the composite was taken using an Avatar 370 
spectrometer employing a DTGS KBr detector. The 
resolution was 4cm-1 and the laser frequency 
15798.8cm-1 
2.3.Photoluminescence studies 

Photoluminescence studies were performed 
using a Jobin Yvon Fluorolog 3 Spectrofluorometer. 
(Model FL3-22). The instrument has a 450 W Xenon 
lamp as source and a PMT detector (Model R928P). 
The sample compartment module is T-box type. 
Double gratings are used for excitation and emission 
spectrometers. The slit width for excitation is 7 nm and 
that for emission 9 nm 
.  
3.Results and Discussion 
3.1.Spectral analysis 

The FT-IR spectrum of PPY-PMMA 
composites (Fig 1) shows all the major peaks of HCl 
doped PPY as well as PMMA.This confirms the fact 



that PPY has been dispersed as an interpenetrating 
network in the PMMA matrix. 
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Fig 1.  F.T.I.R spectrum of PPY-HCl-PMMA 

Composite 
The important peaks of PPY in the composite 

are 3403 cm-1 (NH Stretching vibration), 1546.43cm-1  
(C=C Stretching vibration) and 1463 cm-1 (C-N 
stretching vibration). The prominent peaks of PMMA 
in the composite are 1720 cm-1(C=O Stretching), 
1298.6cm-1 (C-O stretch) and 964cm-1 (Skeletal 
vibration in PMMA). 

 
3.2. Photoluminescence (P.L) results 
   
  The photoluminescence spectra of PPY and 
PPY-PMMA composites with different feed ratios of 
pyrrole to PMMA are given in figure 2. The excitation 
wavelength was 300 nm.   The emission peak observed 
at 500 nm may be due to π-π* transition. As seen in the 
figure below, the P.L intensity increases with increase 
in PMMA content in the composite. The electron 
donating group >NH in PPY in combination with the 
electron withdrawing group >C=O in PMMA enhances 
the π electron mobility. This favors the exciton 
formation. The singlet exciton state so formed decays 
radiatively to the ground state resulting in increased 
photoluminescence [5]. 
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Fig2. Photoluminescence spectrum of PPY and PPY-
PMMA composites synthesized with different pyrrole 

to PMMA feed ratio. 
 
 
4.Conclusions  

  The structural and photoluminescence studies 
of PPY-PMMA composites with different pyrrole to 
PMMA weight ratios have been carried out. The 
F.T.I.R spectrum of the composite shows that PPY has 
been dispersed as an interpenetrating network in the 
PMMA matrix. The photoluminescence intensity 
increases as the PMMA content in the composite 
increases, possibly due to greater chances of exciton 
formation. This aspect highlights the prospects of 
applications of these composites as emissive layers in 
light emitting devices. 
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ABSTRACT  
 
The influences of 190MeV 107Ag ion irradiation on APBs of epitaxial Fe3O4 thin films (Thickness~70nm) grown on 
MgO<100> oriented substrate have been investigated. The x-ray diffraction shows that there is no induced structural phase 
transformation occurs by irradiation but low frequency conduction noise (1/f noise) and electrical transport properties 
depending on the value of ion fluence. The variation in Verwey transition temperature (Tv) has been observed for low 
fluence while it is disappearing with higher fluence. In the low fluence regime, the Sv (V2/Hz) decreases, which are 
evidence of the decrease in density of antiphase boundaries (APBs), but higher fluence create disorder in the system, hence 
increase in Sv as well as in the density of APBs. The conduction noise is proportional to the square of the bias current (Sv ∝ 
I2) for all films at room temperature, which confirm that the noise arises from the conduction fluctuations. On the basis of 
our observations we conclude that the strain appear due to swift heavy ion (SHI) irradiation play a major role on the 
density of APBs. 

 
INTRODUCTION 
 
Recently, there has been a renewed interest in the study of 
half metallic oxide such as magnetite, rare earth manganites 
and CrO2 due to the rich phenomelogical and technological 
applications1-3. There is a growing interest found in Fe3O4 
thin films due to its favorable Curie temperature (Tc ~ 
858K)4,5 combined with its high spin polarization and 
presence of first order metal-insulator transition at 120K. 
The Verwey transition temperature (Tv) for the 
stoichiometric bulk Fe3O4 is around 120K due to 
consequence of the band splitting caused by the electronic 
correlations and electron-phonon interactions. Further, 
epitaxial Fe3O4 films grown on MgO substrate are known to 
contain antiphase boundaries (APBs)1,6. However, APBs 
arise from the fact that the lattice constant of magnetite is 
twice that of the substrate. The density of APBs affects the 
electrical as well as magnetic properties of the films6. The 
effect of swift heavy ion (SHI) irradiation on solid can 
generate structural disorder and localization strain into the 
lattice. The effect of ion beam depends on ion energy, ion 
species, fluence, temperature and target7,8. Therefore, a 
significant modification can occur in the electronic and 
magnetic properties of the material. To the our best 
knowledge there have been no previous studies on the above 
properties with the effect of SHI irradiation on magnetite 
thin films. 
 
EXPERIMENTS 
 
We have grown the epitaxial thin films of Fe3O4 (Thickness 
~ 70nm) on MgO single crystal substrate <100> oriented 
using an oxygen plasma assisted molecular beam epitaxy 

(MBE) system (DCA MBEM600) with a base pressure of 
5X10-10 torr. The details of the growth process are given 
elsewhere9. The well-characterized films were irradiated at 
room temperature with 190MeV 107Ag ions using the 15UD 
tandem accelerator at Inter University Accelerator Centre 
(IUAC), New Delhi with different fluence values (5X1010, 
5X1011 and 1X1012 ions/cm2). The ion beam was focused to 
a spot of 1 mm diameter and scanned over a 10X10 mm2 
area using a magnetic scanner to irradiate the sample 
uniformly. The electrical resistivity and low frequency 1/f 
noise measurements were performed using standard four-
probe technique. The details of the electrical resistivity and 
low frequency 1/f noise measurements process are given 
elsewhere10.  
 
RESULTS AND DISCUSSION 
 
It is a well-known fact that the swift heavy ion irradiation 
can generate different type controlled defect in the system 
as point defect, line defect and columnar defects. When a 
high energy heavy ion passes through a material, it loses its 
energy mainly by two ways as electronic excitation due to 
electronic energy loss (dE/dxe) and direct nuclear energy 
collision due to nuclear energy loss (dE/dxe). The nuclear 
energy loss calculated by Rutherford scattering law is about 
three orders of magnitude less than that of electronic energy 
loss due to lower elastic scattering cross section. Therefore, 
all energy deposited to the system can be consider mainly 
due to electronic energy excitation, provided the thickness 
of the material is less than the stopping range of the heavy 
ion. The electronic and nuclear energy loss values have been 
calculated by using standard TRIM simulation program.  
Our XRD study shows that there is no phase transitions 
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occurred with the SHI irradiation effect. Fig. 1 shows the 
∆ω-2θ rocking curves for unirradiated and irradiated Fe3O4 
thin films measured around the (200) Bragg planes of MgO 
that are common to (400) plane of Fe3O4. It has been 
observed from the figure that no any significant shift in 
diffraction peak, which indicates that there is no change in 
the lattice parameter and hence volume of the unit cells of 
the films after irradiation but the crystallinity decrease with 
fluence as peak width higher fluence getting broader. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. The ∆ω-2θ rocking curves for unirradiated and 
irradiated Fe3O4 thin films. 
  
Fig. 2 shows the low temperature (77-300K) resistivity of 
unirradiated and radiated thin films of Fe3O4. The Verwey 
transition temperature (Tv) are affected with the effect of 
SHI irradiation. The Verwey transition was observed at 
109K for unirradiated thin film whereas reached 114 K for 
radiated films with low fluence values ranging from 5X1010 
to 5X1011 ions/cm2 but resistivity of the films changes less 
abruptly. The enhancement in the Tv is due to the decrease 
in APBs by SHI irradiation. Moreover, the Verwey 
transition disappears with the effect of high fluence value 
(1X1012 ions/cm2). This is due to the fact that the highly 
correlated electron system changes from a order state to 
disorder state. In the disorder state, which produce by SHI 
irradiation, the electron are resonating between the Fe2+ and 
Fe3+ ions located at the octahedral cationic sites. These 
transport observation suggest that the density of APBs are 
much affected with the SHI irradiation.  
To estimate the density of APBs we performed low 
temperature noise measurements. The spectral density, Sv 

(V2/Hz) of conduction noise as a function of temperature 
shown in Fig. 3 before and after irradiation of the films. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Temperature dependence resistivity of irradiated 
Fe3O4 thin films.  
 
It is evident from Fig. 3 that spectral density of noise Sv is 
decreasing with the effect of SHI irradiation as compared to 
unirradiated samples. This significant change in noise level 
due to the annealed in density of APBs by SHI irradiation.  
It is pointed out here that low fluence (5X1010 ions/cm2) 
possess a large driving force to annealed out most of the 
APBs from the system due to that noise is decreasing two 
order of magnitude less near room temperature as compared 
to unirradiated thin film but further higher fluence create 
disorder in the system and hence increase in noise level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3(a). Temperature dependence of Sv(10Hz) with bias 
current 5 µA for unirradiated and irradiated thin films. 
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The quadratic dependence of the bias current as shown in 
the inset of Fig 3(b) at room temperature for 10Hz, which 
indicates that the noise originating from fluctuation in 
charge carriers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3(b). Normalized spectral density of noise Sv/V

2 as a 
function of temperature for unirradiated and irradiated thin 
films. 
 
Fig. 3(b) shows the temperature dependence of normalized 
spectral density of noise, Sv/V

2 (which is an independent 
parameter of the electric current value used for the noise 
measurement) at 10Hz for unirradiated and irradiated films. 
It is also clear evident from the figure that the magnitude of 
Sv/V

2 decreasing with the effect of SHI irradiation. The SHI 
irradiation removes the strain from the system. Since the 
noise is very sensitive to the lattice distortion and hence on 
the density of APBs. 
In order to compare our noise measurement results with 
others we have used Hooge’s empirical relation for 
conductance fluctuations11. According to Hooge’s relation 
the spectral density of noise SV  in a homogeneous material 
is given as Sv = (γV2/Nc fα  ), where V is the dc voltage across 
the sample, Nc the number of carriers present in the sample 
α is a constant close to unity and γ is a dimensionless 
constant known as Hooge’s parameter. The value of the 
Hooge’s parameter has been found to decrease with low 
fluence and again increase for higher value of fluence as 
summarized in Table.  
The observed change in γ value suggests that the lattice get 
more ordered with the fluence results in the decrease of 
noise observed.  
 
 
 
 

 
Table: The value of Hooge’s parameter ã(300K) estimated 
from the noise measurements as a function of ion fluence for 
the Fe3O4 films irradiated with 190MeV 107Ag ions.   
 
 
 
 
 
 
 
 
 
 
 
 
SUMMARY 
 
We have investigated the influence of 190MeV 107Ag ion 
irradiation on the transport and low frequency conduction 
noise properties of Fe3O4 thin films. The Verwey transition 
temperature Tv has been observed to be sensitive on ion 
fluence and shifted towards the higher temperature with 
fluence values 5X1010 and 5X1011 ions/cm2. But for higher 
value of fluence the Verwey transition disappears and the 
sample exhibited a semiconducting nature. The 1/f 
conduction noise is found to vary with different value of 
fluence. The interesting thing, we have observed that the 
magnitude of normalized noise is lower for the irradiated 
samples than the unirradiated one which an increase in 
Verwey transition and goes towards single crystal Verwey   
transition temperature (123.5K). 
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ABSTRACT  
 
Characterization and magnetization studies of barium hexaferrite films of micrometer scale thickness 
prepared on quartz substrates using a relatively inexpensive spray pyrolytic deposition method is presented. 
The as-deposited films at 450 � C show  amorphous behavior in x-ray diffraction and superparamagnetic 
nature in magnetization studies. On annealing at 700� C the barium hexaferrite phase begins to crystallize 
as seen  in x-ray diffraction.. The films annealed at 900 � C  shows excellent Mr/Ms ratio above 0.8 and 
relatively low coercivity that makes them suitable for self biased mm-wave circulator applications.   
 
 
1 INTRODUCTION 
 
The traditional applications of mm-wave 
equipment have been in military and radio 
astronomy where high unit costs were tolerated.   
More recently other applications such as point to 
point links for telecommunication systems and 
subscriber equipment for broadband wireless 
receivers have come up with much higher 
volume requirement,  increasing demand for 
mm-wave devices.      
 
For microwave devices operating in the mm 
wave range,  nonconducting materials are 
essential to ensure total penetration of 
electromagnetic fields. For applications 
involving nonreciprocal operation as in 
circulators and isolators there is no alternative to 
magnetic devices. The very high specific 
resistance, remarkable flexibility in tailoring the 
magnetic properties, ease of preparation, and 
above all, the price and performance 
considerations make ferrites the first choice 
materials for microwave applications. For 
operation at mm wave, standard garnet and/or 
spinel circulators require a very large external 
bias field. Due to the high anisotropy, M-type 
ferrites, e.g. barium hexaferrite,  BaFe12O19 ,  
offers the unique possibility of self biasing. For a 
film based circulator at 35 GHz an effective 
anisotropy field of 11 kG is needed which could 
be attained in barium ferrite 1 . 
 
As the microwave industry turns to MMIC 
(monolithic microwave integrated circuit) 
designs, planar magnetic elements such as thick 
films   are   required.    However,     the     ferrite 
 

 
technology is based on the conventional ceramic 
methods involving temperatures in excess of 
1200 � C, which is not compatible with the 
semicondutor VLSI technology and therefore 
lower temperature processing of ferrites thick 
films is essential. The PLD (pulsed laser 
deposition) has been shown to be capable of 
producing good quality ferrite films but the 
process is expensive and the deposition rate is 
too slow at 50 nm/min, to produce thick films2. 
Therefore there is requirement for low 
temperature chemical methods to produce thick 
ferrite films.  
 
Moreover, the availability of wide band gap 
semiconductors such as SiC and GaN that can 
stand higher temperature processing than GaAs 
as substrates might solve the temperature 
compatibility problems in processing 
technologies of ferrites and semiconductors for 
integrated microwave devices.   In this paper, 
preparation of barium hexaferrite films of 
micrometer scale thickness with extremely 
uniform sized acicular particles is presented.     
 
2  EXPERIMENTAL  
Barium ferrite films were prepared by spray 
pyrolysis of a citrate precursor solution. The 
preparation of citrate precursor solution has been  
described elsewhere3.  5 ml of the adequately 
diluted precursor solution was sprayed on to 
quartz substrates, previously heated to 450 � C, 
with the help of a Spraying Systems Co.  sprayer 
using nitrogen as the carrier gas.  The  substrates 
were rotated at a constant speed during 
deposition for uniformity.  The films had a 
thickness of around 10 µm. The as-deposited 
films were annealed at 600, 700, 750, 800 and 
900 � C to study the crystallization of hexagonal 



barium ferrite phase.  
 
The XRD patterns were recorded on a Siemens 
D-500 Powder X-ray diffractometer using Cu Kα 
radiation. The micrographs were obtained using 
a  Scanning Electron Microscope.  The magnetic 
hysteresis loops were recorded on a DMS model 
880 Vibrating Sample  Magnetometer  up to  a  
field  of  10 kOe. Annealing studies were carried 
out in a Tempress microprocessor controlled 
furnace.  
 
3. RESULTS 
 
3.1 XRD studies 
The as -deposited films and the films annealed 
up to 600 � C show amorphous behavior in XRD 
studies. On annealing at 700 � C the lines 
corresponding to the M-type hexagonal phase 
BaFe12O19 begins to appear in the XRD pattern. 
The films annealed at 800 and 900 � C show 
fully grown single phase magnetoplumbite 
hexaferrite structure in XRD patterns.  There is 
no indication of any preferred orientation in the 
XRD patterns.  
  
3.2 SEM studies 

Scanning electron microscope images of the film  
annealed at 700 � C shows uniform sized acicular 
particles with an average diameter of 20 nm and 
an aspect ratio of 10. The film annealed 900  � C 
has greater density of uniform acicular particles 
with a diameter around 30 nm and aspect ratio of 
10. BaFe12O19 is known to crystallize as platelets.  
 
Fig. 1. Scanning Electron micrograph of the 
film annealed at 900 � C 
It is interesting to see uniform sized acicular 
nanoparticles in our films. In the cases where the  
acicular particles have been reported the needles  
are proposed to consist of smaller grains with 
their easy c-axis perpendicular to the length of 
the needles4. The exact morphology of the 

acicular particles is not clear in our case.   
 
3.3 Magnetization studies 
Magnetization hysteresis loops of the films 
annealed at 700 and 900 � C are shown in Fig. 2 
and Fig. 3. The hysteresis loop of the film 
annealed at 700 � C show relatively low 
magnetization as expected from XRD and SEM 
data which show the initialization of 
crystallization of hexaferrite particles from the 
amorphous phase at 700� C. The coercivity is 
also low for these particles.  
 
 
 
 

Fig. 2.  Hysteresis loop of barium ferrite film 
annealed at 700 � C 
 

Fig. 3.  Hysteresis loop of barium ferrite film 
annealed at 700 � C 
 
 
 Annealing at higher temperatures leads to a 
steady increase in both magnetization and 
coercivity as seen respectively in  Figs. 4 and 5. 
Whereas the magnetization appears to reach its 
maximum value at 900 � C  the coercivity shows 
a steadily increasing trend even at 900 � C. This 
is understandable because the observed 
coercivity at  900 � C is lower than the expected  
coercivity for barium ferrite particles in this size 
range. Moreover it has been reported that the  
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Fig.4. Variation of magnetization with 
annealing temperature  

 
Fig. 5. Variation of coercivity with annealing 
temperature  
acicular particles of barium ferrite consist of 
smaller grains with their easy c-axis 
perpendicular to the length of the needles4. These 
smaller individual grains may have lower 
coercivity that increase on annealing due to grain 
growth.  
 
The squareness of the films also increase with 
increasing annealing temperature from 0.6 for 
the film annealed at 700 � C to a value above 0.8 
for the film annealed at 900 � C as is also evident 
in Fig. 3.   
 
Of particular interest for microwave applications 
are the coercivity (Hc),  squareness Mr/Ms,   
saturation magnetization (4πMs) and magnetic 
anisotropy field (Ha). The loss is often 
proportional to Hc whereas magnetization and  
Ha determine the operational frequency and 
bandwidth, and the loop squareness indicates the 
degree to which the material is self biased.   
 
The hysteresis loop of the film recorded with the 
magnetic field applied perpendicular to the plane 
of the film is shown in Fig. 6. It may be noticed 
that the magnetization approaches saturation at 
the maximum applied field of 6 kOe. Along with 
the low coercivity,  it is an indication of the 
relatively low anisotropy field  

 
Fig. 6. Hysteresis loop of the film annealed at 
900 � C recorded with magnetic field 
perpendicular to the plane of the film.  
 
in this sample with acicular nanoparticles.  In 
fact the anisotropy field of  bulk barium ferrite is 
17 kG and is too high for self biased circulator 
application in the mm-wave range of 35 GHz 
where an effective anisotropy field of 11kG is 
needed and it is usually attained by Sc 
substitution. The present films with relatively 
low Ha which is controllable by annealing 
treatments could be suitable for mm-wave 
applications without any substitution.  
 
The ability to process barium ferrite as self 
biased films may allow for elimination of the 
biasing magnets presently required in the design 
of microwave circulators, a significant step 
towards planar construction of these devices. 
 
4 CONCLUSIONS 
Barium ferrite films of 10 µm thickness prepared 
by a relatively inexpensive spray pyrolytic 
deposition method show uniform acicular 
nanoparticles with 20 to 30 nm thickness and an 
aspect ratio of 10. The films show hysteresis 
loops with magnetization and coercivities that 
can be controlled by changing annealing 
temperatures. The relatively low anisotropy field,    
low coercivities and excellent squareness are 
useful properties for self biased mm wave 
circulators at 35 GHz.    
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Abstract 
 
The powder sample prepared by versatile chemical technique (pyrophoric technique) is found to be a low cost synthesis 
route for preparation of nanosized La0.67Ca0.3Ba0.03MnO3 (LCBMO) composites without any requirement of calcinations 
step of high temperature. The average sizes of the particles are independent of calcined temperature and are in the order of 
50nm. The ZFC and FC magnetization measurements show the spin glass transition at low temperature (≈50°K) around the 
paramagnetic to ferromagnetic transition temperature which occurs at 50°K and independent of calcined temperature. 
  

INTRODUCTION 
 
Mixed valent manganites have attracted 
considerable attention in recent years because of 
the observation of CMR and more generally due 
to the unusually strong coupling between their 
lattice, spin and charge/orbital degrees of 
freedom. The two important interactions between 
the Mn ions that are responsible for the observed 
properties in manganites are double exchange 
and super exchange. The transfer  of an electron 
from Mn3+ to Mn4+ through oxygen ion is known 
as double exchange, creates ferromagnetic 
metallic state  and transfer of an electron from 
Mn3+ to Mn3+ or Mn4+ to Mn4+ ions through 
oxygen ion is known as superexchange, creates 
antiferomagnetic insulator state. The presence of 
ferromagnetic and antiferromagnetic interactions 
leads to frustration in the system, resulting in the 
formation of a spin-glass state at very low 
temperature [1-6]. The spin glass property 
mainly found in binary liquid mixtures [7] and 
then observed and investigated in a variety of 
different physical systems e.g. magnets [8], 
superconductors [9], liquid crystals [10] and in 
CMR material [11-17] in which there is 
competition between spin glass order and long 
range ferromagnetic order, i.e. in systems where 
there is majority of ferromagnetic couplings 
between the individual spins but a sufficiently 
large number of antiferromagnetic couplings to 
create substantial frustration. When the 
temperature is lowered in such material, it 
exhibits a transition from a paramagnetic to a 
ferromagnetic phase and on further lowering the 
temperature typical spin glass, commonly called 
reentrant spin-glass (RSG), behavior appears.  

From the viewpoint of potential future 
applications, the manganites with smaller grain 
size is required. For this type of materials lower 
sintered temperature will be necessary for 
inhibiting grain growth during sintering and 
hence to retain the initial particle size [18]. The 
effect of grain size on structural, Magnetic and 
transport properties in hole-doped manganites 
has been extensively studied. Many controversial 
results found concerning the influence of grain 
size on the magnetic properties of polycrystalline 
manganites. It has been studied that 
magnetisation and the transition temperature 
decreases with decreasing grain size [19]. But, 
also a contrary statement arose by researchers 
that both magnetisation and transition 
temperature decreases with increasing of grain 
size [20]. To understand the above phenomena 
we prepared our samples by chemical reaction 
route i.e. pyrophoric reaction technique for 
synthesis of different nano-sized order of 
powdered sample. Here, we present the results 
for the bulk sample La0.67Ca0.3Ba0.03MnO3 
calcined at 500°C & 700°C, which shows spin 
glass behavior at very low temperature. 
 
EXPERIMENTAL 
 
The standard CMR powdered sample was 
prepared by chemical synthesis route in presence 
of polymer reagent TEA (Triethanol Amine) 
through pyrophoric reaction technique. In the 
first step Lanthanum Nitrate, Barium Nitrate, 
Calcium Carbonate and Manganese Acetate in 
appropriate ratios were dissolved in dilute nitric 
acid. To this solution, TEA is added 
approximately 7-mole% of the total metal ion to 
form the precursor solution, which resulted a 



clear solution. The pH of the solution was 
maintained perfectly as required for the reaction. 
Solution was then slowly heated upto 200°C. On 
completion of the evaporation, fluffy (highly 
carbon rich) mass was found which was calcined 
at various temperatures to get the crystalline 
powder of required size. The green powders 
calcined at 500°C and 700°C for 10 hours and 
then were palletized and the bulk samples were 
sintered at 950°C for 72 hours. The size of green 
powder and calcined powder at 250°C, 500°C & 
700°C were studied by TEM using Hitachi H-
600 electron microscope. The XRD 
characteristics of powdered and bulk sample has 
been studied by Philips PW 1917 X-Ray powder 
diffractometer using Cu-Kα radiation at room 
temperature. The magnetization properties were 
studied using SQUID magnetometer (Quantum 
design). The zero field cooled (ZFC) and field 
cooled (FC) magnetization measurements were 
carried out down to 5K. 
 
RESULTS AND DISCUSSIONS 
 
XRD analysis revealed that as synthesized 
powders were amorphous in nature but on further 
heating upto 250°C yielded the crystallinity 
character, which became prominent at 500°C. 
However, monophasic bulk material obtained 
when heated at about 700°C. All the samples 
exhibit single-phase character having 
orthorhombic cell with pbnm space group 
symmetry [21]. The XRD graphs are shown in 
Fig.1.  
(a)     (b) 
  
 
 
 
 
 
(c)       (d) 
 
 
 
 
 
 
Fig.1: XRD curve of (a) freshly prepared 
green powder & calcined powder at (b) 250°C, 
(c) 500°C & (d) 700°C,  
 
Fig. 2 (a-c) shows the nanocrystalline nature of 
the powder observed in TEM. The representative 
patterns of the particles displayed in figure 

shows that particle size doesn’t change 
significantly with respect to different 
calcinations temperature. The particles are 
rounded in shape having average size of the 
order of 50 nm. 
 (a)     (b) 
 
 
 
 
 
 
 
 
(c) 
 
 
 
 
Fig 2: TEM photographs (a) Freshly prepared 
green powder and powders calcined at (b) 250°C 
& (c) 500°C     
 
Temperature dependence magnetization data for 
the sample La0.67Ca0.3Ba0.03MnO3 prepared at 
different calcined temperature (500°C and 
700°C) were obtained for systematic studies of 
both FC at 500Oe and ZFC cases which are 
plotted in Fig.3. We have found from both the 
curve that the value of magnetization in FC cases 
is the double of the value of magnetization in 
ZFC cases (at temp. 5°K).  
 
 
 
 
 
 
 
 
Fig 3: Temperature dependent ZFC and FC 
magnetization for both: (a) LCBMO sample 
(powder calcined at 500°C); (b) LCBMO sample 
(powder calcined at 700°C) at H = 500 Oe.  
 
But in both the curves, the transition 
temperatures (TC) are nearly equal to the 
ferromagnetic metal to paramagnetic insulator 
temperature i.e. 50°K. From the above facts it is 
very much evident that the transition temperature 
is independent of calcined temperature. An 
important point to be noted here is that the FC 
magnetization continues to increase strongly 
below the irreversibility temperature (Tr) at 
which ZFC and FC curves merge to each other. 
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Where in the spin freezing temperature (ZFC 
exhibits a sharp fall of magnetization near Tr) 
closely merged to Tr, exhibiting a unique 
behavior of cluster glass system [22]. It is worth 
to note that cluster glasses exhibit finite range 
ferromagnetic ordering below Tc. The present 
system may likely to exhibit some typical 
features as similar to those found in re-entrant 
spin-glass (RSG) systems, which undergoes a 
PM-FM transition at Tc.  
 
 
 
 
 
 
 
 
 
 
             
Fig 4: Hysteresis curve at Temperature 30°K 
for La0.67Ca0.3Ba0.03MnO3 sintered sample 
(powder calcined  700°C) 
 
The low field portion of a typical hysteresis loop  
measured to get information about the nature of 
the low temperature ground state of the present 
compound after the ZFC condition at 30°K, a 
temperature below Tr, is shown in Fig.4. It can 
be seen that the slope of the curve increases as 
the magnetic field increases within the range of  
–1T to +1T and there is no significant change 
found by further increasing the field. These 
phenomena are in accordance with those 
observed in conventional spin glass systems [17, 
22-23]. The M~H curve did not saturate even in 
an applied magnetic field upto 2T.  
 
CONCLUSION 
 
Our present chemical synthesis route is 
technically a simple and economical for large-
scale production of nanocrystalline LCBMO 
materials. The temperature dependence 
magnetization study shows the remarkable large 
value difference of magnetization in between the 
FC and ZFC cases nearly at 5°K. But Tc ≈50°K 
found from the curves is independent of calcined 
temperature and unique spin glass type of 
behavior is found at low temperature (≈50°K). 
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ABSTRACT 
 
Nanocrystalline samples of La0.8Ca0.2MnO3 and La0.6Ca0.4MnO3 with an average grain size of 45 and 21 nm, 
respectively, have been prepared by citrate-complex method. Both the samples show para- to 
ferromagnetic-like transition. The field cool and zero field cool magnetization curves suggests cluster glass 
behaviour. The MR shows coexistence of extrinsic and intrinsic components in  La0.8Ca0.2MnO3 whereas a 
dominant extrinsic MR behaviour in La0.6Ca0.4MnO3. The intrinsic MR increases with applied magnetic 
field in La0.8Ca0.2MnO3.  The linear (extrinsic) MR may find application in thermal sensor due to more or 
less linear behaviour over a  wide temperature range. 
 
 
1 INTRODUCTION 
 
Magnetoresistive properties of perovskite 
manganites have been widely investigated in the 
past few years owing to their interesting physics 
like phase separation and potential use in magnetic 
devices. It has been reported that typical 
ferromagnetic (FM) metallic manganites exhibit 
large magnetoresistance (MR) in the vicinity of 
metal-insulator transition (MIT) upon application 
of large magnetic fields and that the MR is 
minima away from the MIT. However, generation 
of large magnetic fields is quite expensive which 
is a drawback to practical applications and attracts 
much attention. The search for high MR at low 
magnetic fields and in a wide temperature range is 
still persisted. For achieving a large low field MR 
(LFMR), the spin polarization is utilized in two 
streams of efforts. One is the work motivated by 
the MR in Fe-Ge-Co tunnel junction structure that 
can be described quantitatively by Julliere model.1 
And the another is manganite tunnel junction 
La0.7Sr0.3MnO3/SrTiO3/La0.7Sr0.3MnO3 system, 
which exhibits maximum MR at low fields, of a 
few tens of Oersted.2 The other is spin polarized 
intergrain tunneling (SPIT) MR in polycrystalline 
manganites.3 In contrast to the stringent conditions 
for fabrication of tunnel junction, the aspect of the 
latter investigation is seems to be readily 
performed. For studying the interface related SPIT 
in perovskite manganites, fine particles seems to 
be a suitable candidate. 
  La1-xCaxMnO3 system is among the most 
studied compounds of the manganite family due to 
its robust MR effect and the possibility of 
analysing  the phase diagram at all Ca 

concentration. In order to see effect of 
nanocrystallinity on MR, we have chosen 
La0.8Ca0.2MnO3 (LCMO02) and La0.6Ca0.4MnO3 
(LCMO04) compositions. In this article, we report 
systematic study of magnetic and  MR properties 
of the above compositions. 
 
2 EXPERIMENTAL 
 
Nanocrystalline La1-xCaxMnO3 (x= 0.2 & 0.4) 
samples were prepared from stoichiometric 
amount of high purity La2O3, CaCO3, 
Mn(CH3COO)2.4H2O and C6H8O7.H2O by citrate-
complex method. La2O3 and CaCO3 have been 
converted to their respective nitrates by dissolving 
them in dil HNO3. All the metal solutions were 
added to citric acid solution. The resultant solution 
was evaporated at 80-90 0C for several hours. The 
obtained precursor of LCMO02 and LCMO04 was 
calcined at 850 oC and 700 OC respectively for 3h 
to make nanocrystalline samples. The phase purity 
and crystal structure of the samples were studied 
by X-ray diffraction (Shimadzu XD-D1). 
Magnetic properties were studied using vibrating 
sample magnetometer (PAR 155). The 
temperature dependent magnetization was 
measured in both field cool (FC) and zero field 
cool (ZFC) modes in order to study the type of FM 
ordering (long or short range). In FC mode the 
sample was cooled in the presence of 100 Oe and 
data was collected on warming the sample. In ZFC 
mode the sample was cooled in the absence of 
magnetic filed and the data was collected on 
warming the sample upon application  of magnetic 
field. To measure electrical resistivity, the pressed 
pellets were sintered at calcination temperature for 



10 minutes, in a pre-heated furnace, and then 
quenched to room temperature to enable 
connectivity between the particles and to avoid 
further grain growth. The transverse MR was 
measured in different magnetic fields, upto 1.75 T.  
 
3 RESULTS AND DISCUSSION 
 
The inset of Fig. 1 shows the X-ray diffraction 
(XRD) peak broadening  of both the samples  and 
the bulk  sample, calcined at 1200 oC. The bulk 
sample was used to find the instrumental 
broadening. The estimated average crystallite size 
is found to be 45 nm and 21 nm for LCMO02 and 
LCMO04 sample respectively. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: The magnetization as a function of temperature. 
The data shows FC and  ZFC curves for both the samples. 
The inset shows XRD peak broadening of LCMO02, 
LCMO04 and the sample calcined at 1200 oC (bulk 
sample). 
 
 Fig.1 shows temperature dependence of FC 
and ZFC magnetization. LCMO04 shows a large 
irreversibility at low temperatures. LCMO02 and 
LCMO04 samples shows para- to ferromagnetic 
like transition (TC) at 213 and 258 K respectively. 
The TC was determined as the minimum point in 
dM/dT vs T curve. LCMO04 shows a broad 
ferromagnetic transition whereas LCMO02 shows 
relatively narrow transition. Such a broad transition 
is indicative of distribution of strength of exchange 
interaction arising from weaker magnetic 
interactions. It is known that magnetic 
nanocrystalline sample shows less saturation 
magnetization (MS) and  broad magnetic transition 
and are explained by the distribution of canted spins 
and random vacancies all over the volume of the   
fine particle.4,5 This leads to loss of long range 
ferromagnetic ordering resulting in magnetic 
clusters formation below TC. The cluster glass 
behaviour is seen as a large irreversibility between 
FC and ZFC magnetization curves below TC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2: The magnetization as a function of an applied 
magnetic field at 78 K of LCMO04. The inset shows the 
same at 303 K (in paramagnetic regime). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: The resistance as a function of temperature of 
LCMO02 (a) and LCMO04  (b) upon application of  
different magnetic fields. 
 
  Fig.2 shows magnetization as a function of the 
magnetic field of LCMO04 at 78 and 303 K. A 
similar behavior is observed to LCMO02. Both the 
samples show sharp increase of magnetization upon 
increasing the applied magnetic field, at low fields, 
and then weakly depend on the magnetic fields. 
LCMO04 sample shows MS of  61.6 emu/g at 78 K 
and 1.1T  and LCMO02 shows 85.0 emu/g. M(H) of 
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LCMO04 shows non-linear behaviour at 303 K 
(inset of Fig.2) and it suggests the existence of 
small ferromagnetic phase at 303 K. The existence  
of FM phases (clusters) at T� 1.8 T C is reported in 
phase-separated bulk manganites.6 In the present 
case, the studied temperature (303 K) is ~ 1.1 TC. 
 The resistance as a function of temperature of 
LCMO04 sample shows a broad metal-insulator 
transition (MIT) with a maxima 182 K (Fig.3b). 
This MIT is far below TC. The bulk sample of the 
same composition shows concomitance of TC and 
MIT. Such a non-concomitance is also seen in 
polycrystalline oxygen deficient manganites. The 
LCMO02 sample shows concomitance of MIT and 
TC. Both the samples show typical ohmic behaviour 
at room temperature as well as low temperature and 
in the presence of magnetic field (Fig.4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4: The I-V characteristic of LCMO02 and LCMO04 
at 78 K and H= 0 T. The inset shows I-V curve at 78 K 
and 0.5 T for LCMO04. A similar behaviour was also 
observed at 1.5 T. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: The temperature dependent MR of LCMO02 (left 
hand scale) and LCMO04 (right hand scale). 
 
Fig. 5 shows the temperature dependent MR of 
LCMO02 at 0.5 and 1.5 T  and of LCMO04 at 1.75 
T. The MR is defined as            

MR %= [R(H)-R(0)]x100/R(0), where R(H) is 
resistance in the presence of a magnetic field H and 
R(0) is resistance in the absence of magnetic field. 
MR shows the coexistence of extrinsic (linear) and 
intrinsic (peak near MIT) contributions in LCMO02 
at 0.5 and 1.5 T whereas dominated extrinsic 
behaviour in LCMO04 even at 1.75 T. A similar 
linear behavior is also observed at 0.5 T in 
LCMO04 (not shown here).  The data shows that 
the intrinsic MR increases with applied magnetic 
field in LCMO02. The observed MR can be best 
understood by taking in to account of the 
distribution of canted spins and random vacancies 
all over the volume of the fine particles. The canted 
spins and random vacancies distributed at the grain 
boundary, by acting as a barrier, will impede the 
itinerant electron transfer from one grain to another. 
In such a case electron transfer may expect either by  
hopping or tunneling across the barrier. When the 
electron spin is conserved in the tunnelling process, 
there is an additional magnetic coupling energy 
when the magnetic moments of neighbour grains 
are not parallel to each other; and the magnetic 
domain boundaries coincide with grain boundaries. 
When the above two aspects are coincide, upon 
application of magnetic field the magnetic domains 
will align parallel to each other at low fields results 
in decrease of barrier associated with magnetic 
energy. This leads to increase of tunneling (SPIT) 
results  in decrease  of resistance. Upon further 
increasing the magnetic field the SPIT will saturate 
and then the canted spins at the intra-grain will 
contribute to MR at relatively high magnetic fields.  
 
CONCLUSIONS 
Nanocrystalline La0.8Ca0.2MnO3 and La0.6Ca0.4MnO3 
have been prepared by citrate-complex method. 
Temperature dependent magnetization shows 
cluster glass behaviour.  M(H) of La0.6Ca0.4MnO3, at 
room temperature, shows nonlinear behaviour and 
suggests coexistence of ferromagnetic phases. MR 
of LCMO02 shows coexistence of extrinsic and 
intrinsic contributions. The intrinsic MR increases 
with applied magnetic field. LCMO04 shows 
dominant extrinsic contribution even at 1.75 T field.  
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ABSTRACT 
 
Nanocrystalline Nd0.7Sr0.3MnO3 sample with an average particle size of 35 nm has been prepared by citrate-
complex method. The ac magnetization shows a para- to ferromagnetic transition at 217 K. The sample shows 
smooth increase of magnetoresistivity (MR) upon decreasing  temperature down to 80 K and weakly temperature 
dependence below 80 K. Isothermal MR shows ~ 20 % change at low fields and ~ 62 % change at high fields. 
The observed MR has been analyzed by spin dependent tunneling across the barrier between ferromagnetic 
grains. The analysis reveals that intra-grain contribution is more than inter-grain contribution.

 

 
1. INTRODUCTION 
 
Magnetoresistivity (MR) effect has been 
extensively applied in electronic devices such as 
magnetic read heads, storage devices and sensors, 
and it brings  innovative impacts to information 
storage field. Since von Helmolt et al.1 observed 
MR of ~ 60 % in La2/3Ba1/3MnO3 at ambient 
temperature in 1993 with magnetic field being 5 T, 
colossal magnetoresistivity (CMR) effect of 
perovskite manganites R1-xAxMnO3 (R- rare earth 
ions; A- alkaline ions) has attracted intense research 
activity in recent years. 
 The MR response of polycrystalline CMR 
manganites has been reported in detail for bulk and 
thin films, a different MR behavior from single 
crystals was observed. The isothermal MR shows a 
sharp increase at low fields and almost linear 
variation of MR at high fields.2 It was assumed that 
grain boundaries play an important role for low 
field MR (LFMR).2, 3 Some models such as spin 
polarized tunnelling (SPT), spin dependent 
scattering (SDS) and electron hopping have been 
applied successfully for specific situation.2-4 
However, a final consensus on the basic physical 
mechanism behind the LFMR has not yet been 
reached. Structural modifications, such as the 
variation of Mn–O–Mn bond distance and bond 
angle, are suggested to be responsible for these 
effects.5 In order to shed some light on the 
applications of the polycrystalline perovskite 
manganites and enhance our knowledge of the MR 
mechanism of these materials, more detailed  
 

 
 
 
investigations are still required. In this paper, we 
present a careful study on the MR of nanostructured 
Nd based manganites having more structural and 
magnetic disorders at grain boundaries and intra-
grain. 
 In order to understand the effect of reduction 
of grain size on CMR in manganites we have 
chosen optimally doped Nd0.7Sr0.3MnO3. 
 
2 EXPERIMENT 
 
Nanocrystalline Nd0.7Sr0.3MnO3 sample was 
prepared from stoichiometric amount of high purity 
Nd2O3, SrCO3, Mn(CH3COO)2.4H2O and 
C6H8O7.H2O by citrate-complex method. Nd2O3 
and SrCO3 have been converted to their respective 
nitrates by dissolving them in dil HNO3. All the 
metal solutions were added to citric acid solution. 
The resultant solution was evaporated at 80-90 0C 
for several hours. The obtained precursor was 
calcined at 600 oC for 3h to make nanoparticles. 
The phase purity and crystal structure of the sample 
was studied by X-ray diffraction (Shimadzu XD-
D1). The morphology of the sample was 
determined by transmission electron microscopy 
(TEM, Phillips). AC magnetic measurement was 
measured using physical properties measuring 
system (PPMS, Quantum Design). To measure 
electrical resistivity, the pressed pellet was sintered 
at calcination temperature for 10 minutes, in a 
preheated furnace, and then quenched to room 
temperature to enable connectivity between the 
particles and to avoid further grain growth. The  
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transverse MR was measured using PPMS.  
 
3 RESULTS AND DISCUSSIONS 
 
 The XRD profile of the calcined sample shows a 
broad distribution due to nanocrystalline character. 
The obtained diffraction profile was best fitted to 
orthorhombic perovskite structure of space group 
Pnma. The crystallite size is estimated from Debye-
Scherrer’s formula using full width at half maxima 
value of diffraction peak after subtracting 
instrumental broadening (inset of Fig.1). 
Instrumental broadening was measured for bulk 
sample (1200 oC calcined sample). The estimated 
average crystallite size is found to be 25 nm. Fig.2 
shows the TEM micrograph of the sample. It shows 
that the particles are nearly spherical in shape and 
are narrowly distributed in size. The measured 
average particle size is found to be 35 nm. Around 
10 % of Mn ions lie in the surface layer of the 
nanoparticle. AC magnetization (M’) of the sample 
as a function of temperature shows a paramagnetic 
(PM) to ferromagnetic (FM) like transition (TC) at 
around 217 K (Fig.1). 
 
  
 
 
 
 
 
 
 
 
 
 
 
Fig.1: AC magnetization as function of temperature. The 
right side scale shows differential magnetization. The 
inset shows XRD peak broadening for different samples. 
 
 Upon cooling the sample, the resistivity 
smoothly increases with a broad hump at 80 K. The 
resistivity shows a huge increase below 15 K 
(Fig.3). This clearly shows  that an insulator-metal 
transition (hump) is far below from the magnetic 
transition temperature (TC). A similar behaviour 
was observed in some polycrystalline manganites 
and are attributed to the influence of grain 
boundaries6. For polycrystalline samples the 
resistance can be divided into body resistance and 
interface resistance. The latter may be dominant in 
the present sample because of their small grain size 

and high surface to core volume ratio, thus an 
intrinsic metallike behavior is not observed below 
TC. At low temperatures (T< 65 K), the resistance 
of the sample is found to be proportional to exp(T-

1/2), which is suggested to be associated with spin-
dependent Coulomb blockade.7 In this model, 
resistivity (ñ) as a function of temperature is given 
by  

0 B(T) exp[2 C / k T]ρ = ρ      (1) 

where C is approximately equal  to grain charging 
energy EC. The inset of Fig. 4 shows the Coulomb 
blockade model fit to resistivity at low 
temperatures. The fit yields charging energy of 
about 0.88 meV which  is close to theoretically 
estimated charging energy EC (= e2/4ðår, here we 
have used år= 20) of 2 meV.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Fig.2: TEM micrograph of the sample. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: Resistivity as function of  temperature at different 
applied magnetic fields. Inset shows resistivity at T> 200 
K and it shows an exponential increase of resistivity.  
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The magnetoresistivity is defined here as 

(H,T) (0,T)
MR% x100

(0,T)

ρ − ρ
=

ρ
            (2) 

where ñ(H, T) is the resistivity in the presence of an 
applied magnetic field H at temperature T and  ñ(0, 
T) is the resistivity in the absence of H at T. Fig. 5 
shows MR as a function of temperature at 1 T and 5 
T.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4: MR as function of an applied field at 5 K. Inset 
shows Coulomb blockade fit to data at low temperature. 
 
 

 

 

 

 

 

 

 

 
 
Fig.5: MR as a function  of  temperature at 1 and 5 T. The 
MR shows weakly temperature dependence below ~ 80 
K.  
 
 MR increases smoothly upon decreasing the 
temperature and shows a broad hump at  around 90 
K and then weakly temperature dependent below 80 
K. Fig.4 shows MR as a function of H at 5 K. The 
data shows that MR increases very rapidly at low 
fields (� 0.5 T) and then increases smoothly upon 
increasing H.  
 The obtained data can be best described by 
spin polarized tunneling across the barrier formed 
between ferromagnetic grains due to the 

magnetically and structurally disordered layer at the 
surface of the nanoparticles. This model is similar 
to ferromagnetic granular materials.7 MR in these 
materials is due to increase of tunneling upon 
application of H by alignment of ferromagnetic 
domains (grains) parallel to each other at low fields. 
The increase of MR at high fields (>0.5 T), in 
manganites,  is attributed to  the alignment of 
canted spins at intra-grain.2  Fig.5 clearly shows that 
the change in MR upto 0.5 T is ~20 % and the 
change in MR between 0.5- 9 T (high field) is 
around 62 %. This clearly shows that high field MR 
(HFMR) is dominating the LFMR. This suggests 
that the canted spins  at the intra-grain   are 
contributing more to total MR . 
 
4 CONCLUSIONS 
 
We have successfully prepared Nd0.7Sr0.3MnO3 with 
an average particle size of 35 nm by citrate-
complex method at relatively low temperature. The 
sample shows para- to ferromagnetic like transition 
at 217 K and insulator-metal transition (hump) at 
around 100 K. Resistivity can be understood by 
tunneling mechanism.  Magnetoresistivity shows 
spin polarized tunneling behaviour with  more 
intra-grain contribution due to canted spins at the 
intra-grain. 
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ABSTRACT 

 
We explore ferromagnetism for the unsupported monolayers of late 4d transition metals ( Ru, Rh , Pd and Ag ) in the 
present study. We have taken into account the spin- orbit interactions for magnetism of these metals. The lattice constant 
decreases for the studied elements on going from three dimension to two dimension. The d-bands show shift towards Fermi 
level and band width narrowing due to reduction in coordination number in two dimension as compared to bulk case. We 
find unsupported monolayers of Ru, Rh and Pd metals are magnetic with magnetic moments 1.077 µB, 1.172 µB and 0.012 
µB, respectively. The highest magnetic moment for Rh, among these, is in agreement with experimental studies. 
 
 
INTRODUCTION 
 
In the past, there has been speculation1 as to whether 
metallic elements that are paramagnetic as bulk materials 
may become magnetic as free standing monolayers or as 
over layers on top of a metallic substrate . One reason for 
this interest is undoubtedly the fact that the two 
dimensional (2D) magnetism of these systems need not 
be restricted to 3d transition metals alone. Ab –initio 
electronic structure calculations within the local spin 
density approximation predicted that monolayers of the 
late 4d and 5d transition metals  placed on Ag (001) or 
Au (001) substrates should exhibit ferromagnetism with 
sizable magnetic moments 2- 4 . According to systematic 
studies by Blgüel 4, the high values of  local magnetic 
moments among  the 4d and 5d monolayers on  Ag (001) 
are expected for Ru (1.7 ìB) , Rh(1.0 ìB ), and  Ir ( 0.9 ìB) 
metals. Therefore, in addition to 3d transition metals, the 
good candidates for such a change in magnetic behavior 
can be late transition metals which have the largest 
exchange – enhanced susceptibility among the transition 
metals 5 and which, on account of their large state density 
at the Fermi level, n (Ef), are close to fulfilling the Stoner 
criterion (I. n (Ef) > 1) for ferromagnetism. The Stoner 
exchange parameter (I) depends only on atomic number, 
and the onset of magnetism in the late transition metals 
may also be induced by small enhancement of the state 
density. The state density may also be enhanced by the 
reduction in coordination number that follows the 
formation of thin films. For a single layer , simple tight – 
binding theory predicts 30 % increase in the state density,  
hence a Stoner product well above unity.The expectation 
is therefore that thin films , and in particular a single 
layer , of a late transition metal should be truly magnetic. 
In spite of this expectation, local – spin – density 
calculations show that the Stoner criterion is not satisfied 
for monolayer of some late transition metals6-8, which is 

in agreement with our results for unsupported monolayer 
of Ag metal. 
The calculation of magnetic anisotropy of thin 
ferromagnetic over layers is thought to be of some 
practical importance because of the application of those 
over layers with perpendicular anisotropy to magneto-
optical storage media. Much work has been done 
regarding the magnetism of these monolayers. The free-
standing monolayer of Rh has been studied as a function 
of number of points sampled in the surface of the 
Brillouin zone showing effect of k-space integration on 
self –consistent surface magnetic anisotropy 9.The Plane- 
wave –basis partial-core pseudopotential approach find 
Rh (001) surface ferromagnetically unstable 10. However 
there is a series of theoretical investigations , which 
predicted magnetism for some of the 4d and 5d metals in 
the reduced dimensions, such as 4d and 5d metal 
monolyers on Ag ( 100 ) and Au ( 100) substrate 2-4,11,12, 
small clusters 13 and impurity in   bulk Ag 14. 
In the present paper, we have studied the unsupported 
monolayers of late transition metals (Rh, Ru, Pd and Ag) 
and explored the possibility of magnetism.  
 
COMPUTATIONAL METHOD 
 
We have studied these metals in the ideal three – 
dimensional   state  (the bulk)  and  the  ideal two 
dimensional  states (an unsupported monolayer).For the 
metals Rh, Pd, Ag with FCC structure in bulk, the plane 
having hexagonal arrangement of atoms is found to be 
energetically most favorable and has been chosen as a 
representative of 2D structure for these metals. The base 
plane has been taken as the representative of 2D case for 
Ru metal which has hexagonal structure in bulk. 
Inclusion of scalar – relativistic (SR) effects has been 
found to be crucial predicting the correct ground state 
crystal structure of bulk Ag 15.The relativistic effects 



have been found to be important for Ag cluster 16 also. 
We checked for the effect of including spin –orbit 
coupling in the present paper and found that it plays a 
significant role in selecting the ground state lattice 
constant for monolayers of Rh, Ru, Ag and Pd transition 
metals in. SR as well as fully relativistic (FR) 
calculations were carried out using the all – electron full 
– potential linearized augmented plane wave (FPLAPW) 
method 17.The exchange and correlations are treated in 
the generalized gradient approximation (GGA) using 
Perdew - Wang’91 18. The number of k - points taken in 
irreducible Brillouin zone is very large (~500) to ensure 
final convergence for total energy and magnetic moment. 
The calculations are carried out using super cell 
symmetry and a separation between two layers is taken to 
be 20 a.u., so as to prevent interlayer interactions. 
 
RESULT 
 
The effect of dimensionality on lattice constant of these 
transition metals is presented in table 1.The calculated 
bulk values are in good agreement with experimental 
values 19. We can see from Table 1 that lattice constant is 
contracting on going from 3D to 2D case. This is in 
agreement with previous theoretical model values 20 and 
experimental results 21 related to Pd metal. The impact of 
dimensionality on lattice constant is decreasing in the 
order Pd, Ag, Rh and Ru. This decrease in the lattice 
constant indicates that interatomic interactions and 
correlation effects are becoming stronger with reduction 
of dimensionality. 
       
Table1: Lattice Constant (Å) for three dimension and two 
dimension along with the experimental values.  The 
Values written in brackets are scalar relativistic results. 
 

 Ru Rh Pd Ag 

3Dexp 2.711 3.801 3.891 4.090 

3D 2.710(2.709) 3.831(3.824) 3.905(3.902) 4.119(4.113) 

2D 2.546(2.539) 2.571(2.570) 2.608(2.623) 2.777(2.779) 

 
 
The effect of including s-o interactions is decreasing the 
lattice constant for all the elements in 3D case, but in 2D 
case, decrease is predicted only for Ru and Rh. 
The density of states for these metals at equilibrium 
lattice constant in 3D and 2D cases with inclusion of s-o 
coupling effect is shown in Fig. 1. The effect of s-o 
coupling is increasing on going towards Ag. In 2D case, 
the d-band width is substantially narrower than that of 
corresponding bulk values. This is consistent with the 
argument that the decreasing coordination number of d – 
metal atoms causes band narrowing 8, in accordance with 
the fact that decreasing d- band enhances the exchange 
splitting substantially. Our calculations predict the 
unsupported monolayers of Ru, Rh and Pd are found to 
be magnetic with magntic moments 1.077 ìB , 1.172 ìB 
and 0.012 ìB, respectively , irrespective of non-magnetic 

bulk behavior. The high values of magnetic moments for  
Ru, Rh monolayers are in agreement with results shown 
by these metal monolayers on Ag ( 001) 22 and Ag(111) 
23 substrates. So, we can say that monolayers of Rh and 
Ru metals can be one of the best candidates for the 2D 
magnetism among the 4d and 5d transition metals. The 
cause of magnetism is governed by increased intra-
atomic exchange interaction (I) and enhanced density of 
states at Fermi level (n (Ef)) facilitating the Stoner 
criterion (I. n (Ef) > 1) for Ru, Ru, and Pd monolayers. 
Since local density of states is inversely proportional to 
the coordination number, a reduction in coordination 
number increases n (Ef) and decreases band width, hence 
increasing the tendency towards magnetism. 
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Fig.1: Total density of sates ( DOS) vs Energy graph for Ru, 
Rh , Pd and Ag transition metals in three dimension ( 3D) and 
two dimension ( 2D) .Solids  (dotted ) curves are showing 
results from fully (scalar) relativistic calculations .Fermi energy 
is at 0 eV. 



It has been studied 24 that monolayer of  Pd on Ag 
substrate is non- magnetic but Pd (001) monolayers at 
lattice constant close to Ag nearest neighbor distance 
have tendency to show magnetism 2. According  to our 
study , unsupported Pd ( 111) has shown tendency 
towards magnetism which is in agreement with the 
previous theoretical study of unsupported monolayer of 
Pd (001)2 and experimental study of Pd ( 111 ) film 
which is in contact with Ni (111) film25. 
Fig. 2 is showing the band structure plot for the elements 
in 3D and 2D with the inclusion of s-o coupling 
interaction .The figure is showing that for Ag monolayer 
bands are shallower and nearer to Fermi level as compare 
to bulk case. 
For Ru , Rh and Pd,  number of d-bands crossing the 
Fermi level is more as compared to 3D indicating 
enhanced conduction property of  these metals in  2D 
case. 
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Fig.2: Band structure plot with fully relativistic calculation for 
Ru, Rh, Pd and Ag transition metals in three dimension (3D) 
and two dimension (2D). Fermi energy is at 0 eV. 

To conclude, we have studied the unsupported 
monolayers of Ru, Rh , Pd and Ag metals. We find high 
values of magnetic moments for Ru and Rh monolayers; 
and tendency towards magnetism for Pd monolayer. 
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ABSTRACT: 
 
 In the present investigation, a novel approach is made to reduce the saturation magnetization of copper ferrite 
using SnO2 coating. The materials were prepared using urea-nitrate combustion method. The XRD patterns show that the 
1100oC-sintered sample gives a tetragonal structure. The particle size of the as synthesized copper ferrite and its composites 
are 10-20nm and 30-40 nm respectively as evident from TEM and HRTEM. The saturation magnetization of CuFe2O4 is 
30emu/gm, which has reduced to 11emu/gm on SnO2 coating, due to the dead layer formation as well as the reduction of 
magnetic particle- particle interaction. 
 

1 INTRODUCTION 

 
Nanomaterials are the privileged class of 

materials that have very different novel properties, which 
differ from those of the bulk-structured materials due to 
quantum size effects [1]. Very recently, nanoferrites with 
the spinel structure are subjected to exhaustive studies 
owing to their unusual advantageous properties. The 
general formula of spinel ferrite is (M1-δ Feδ)[Mδ Fe2-δ] 
where ( ) and [ ] denote that the cations sites of tetrahedral 
and octahedral respectively, δ is the inversion parameter. 
When δ = 0, it gives a normal spinel and δ = 1, gives 
inverse spinel. The structural, electrical and magnetic 
properties of the ferrites are mainly depending upon the 
cation distribution on both the above sites. Among the 
privileged class of spinel ferrites, copper ferrite is of 
paramount importance because of its phase transition from 
cubic to tetragonal structure with temperature and the 
anomalous properties due to the Cu2+ Jahn –Teller ions. 

 
 Various methods for the synthesis of nanoferrites 

and their composites such as combustion method [2], 
Reverse micelles [3], sol-gel method [4] and Mechano-
synthesis [5] have been reported. Among the synthesis 
techniques, solution based combustion method is the most 
suitable for preparing nanomaterials with advantages 
properties. Considering the importance of ferrite-based 
nanocomposites as anode materials for replacement of 
conventionally used carbon anodes [6] an attempt has been 
made to reduce the magnetic properties by the SnO2 
coating.    
 
2 EXPERIMENTAL: 
 
The nanocrystalline CuFe2O4 and SnO2 coated CuFe2O4 
have been prepared by using novel combustion method. 

The detailed experimental procedure is given elsewhere 
[2].  The stoichiometric quantities of starting compounds 
like Cu(NO3)2. 6H2O, Fe(NO3)3.9H2O, SnCl4, HNO3 and 
CO(NH2)2 were dissolved in 100 ml triple distilled water. 
The mixed nitrate – urea solution was heated at 300oC, 
with uniform stirring and evaporated the excess water to 
form a highly viscous gel denoted as precursors. The gel 
was heated continuously, get ignited with evolution of 
large number of gaseous products, resulting the desired 
nanocomposite in the form of foamy powder. The powder 
was then pressed at a pressure of 3.5 tons/cm2 into 1 and 
2.5cm diameter pellets under identical conditions. The 
pellets were sintered at 1100oC for 5 hours. The crystalline 
phases of the prepared powders were identified by powder 
X-ray diffraction technique using Cu-Kα radiation 
(α=1.5405Ao). The particle morphology of all the samples 
was determined by transmission electron microscopy 
(TEM; JEOL-JEM 100SX microscope) at an accelerating 
voltage of 200 kV. The TEM specimens were prepared by 
placing a drop of the sample suspension on a carbon-
coated copper grid (400 mesh, Electron Microscopy 
Sciences) and allowing them to dry in air. High-resolution 
TEM (HRTEM) images were taken using a JEOL-3010 
with 300 kV accelerating voltage. A conventional 
monochrome CCD camera, with resolution of 768×512 
pixels, was used to digitalize the images. The digital 
images were processed with the digital micrograph 
software package (Gatan, Inc, Pleasanton, CA, USA).  The 
effects of temperature and applied magnetic field on 
magnetization have been carried out using 
superconducting quantum interference device (SQUID) 
Quantum design.  
 
 



3 RESULTS AND DISCUSSION 
 

Fig. 1 shows the X-ray diffraction patterns of 
nanocrystalline CuFe2O4 and CuFe2O4/SnO2 
nanocomposites.  Fig. 1a shows the sharp well defined 
peaks corresponding to the planes of (111), (202), (220), 
(113), (311), (222), (004), (400), (224), (422), (115), (333), 
(511) indicating spinel structure of CuFe2O4 without any 
impure phase. From the lattice constant values it can be 
confirmed that the synthesized CuFe2O4 is a tetragonal 
structure with a=8. 2740 Ao and c= 8.4814 Ao (PDF No. 6-
545). Interestingly, the XRD pattern of CuFe2O4/ 
5wt%SnO2 nanocomposites (Fig. 1b) shows the extra peak 
of (110) corresponding SnO2.  The XRD parameters are 
also changed indicating a phase transition from tetragonal 
to cubic (a=8.4125Ao) due to the addition of SnO2, that 
originates from the difference in ionic radii (Sn4+ = 0.69Ao 

and Fe3+ = 0.65Ao). 
 

Figs. 2 and 3 shows the TEM images of CuFe2O4 
and SnO2 coated CuFe2O4. TEM studies confirm both the 
samples consisting of 20-30nm sized particles. The 
HRTEM images of CuFe2O4 confirmed the well-defined 
lattice fringes with a definite ‘d’ value of 2.51Ao, which 
correspond to the prominent plane of (311) for copper 
ferrite (Fig. 2b). The presence of SnO2 over the ferrite 
material is shown from the HRTEM image (Fig. 3). It also 
indicates the composite behaviour of spinel (113) with a 
‘d’ value of 2.63 Ao and layered SnO2 (110) with a ‘d’ 
value of 3.38Ao, which are structurally integrated and lead 
to the structural compatibility and the stability of the 
composites [7].    
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Fig.1. XRD patterns of CuFe2O4 (a) and SnO2 coated 
CuFe2O4 (b) 

 
 
 
 

 
Fig. 4 shows the M-H curve of nanocrystallline 

CuFe2O4 and SnO2 coated CuFe2O4 obtained by SQUID 
magnetometer. It shows that the particles are super 
paramagnetic at room temperature with zero coercivity and 
remanance. It suggests that the thermal energy can 
overcome the anisotropy energy barrier of a single particle, 
and the net magnetization of the particle assemblies in the 
absence of external magnetic field is zero [8]. It can be 
seen that the SnO2 coated sample gives the lower 
saturation magnetization of 11emu/g as compared with 
30emu/g of parent CuFe2O4. The observed magnetic 
properties of the nanomaterials are mainly depending upon 
the magneto crystalline anisotropy, surface anisotropy and 
interparticle interactions [9]. The net magnetic anisotropy 
K=Kbulk + (6/d)KS, where, K is total anisotropy, Kbulk is 
bulk magneto crystalline anisotropy, d is the particle 
diameter and Ks is surface anisotropy. Here the SnO2 
coating will affect the magnetic properties of 
nanocrystalline CuFe2O4 through the contribution of 
surface anisotropy and inter-particle interactions.  In 
addition the surface effect arising from the non-collinearity 
of magnetic moments, which may be due to the 
impregnated SnO2 at the interface of ferrite matrix, and 
pinning of the surface spins [10], as visualized from the 
HRTEM image of SnO2 coated CuFe2O4. 
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Fig. 4. M-H loop of CuFe2O4 (�) and SnO 2 coated 
CuFe2O4 (�)  
 
 
4. CONCLUSION: 

Combustion synthesis is found to be an effective 
tool for the preparation of nanocrystalline materials. Form 
the TEM and HRTEM images confirm the nanomater-
sized particles with a size range of 10-30nm. The M-H 
loop of SnO2 coated CuFe2O4 shows the reduced saturation 
magnetization values due to the larger contribution of the 
surface anisotropy to the total anisotropy. It can be 
concluded that SnO2 coating has favorable effect on its end 
uses.  
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Fig. 2. TEM (a) and HRTEM (b) images of nanocrystalline CuFe2O4  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. TEM (a) and HRTEM (b) images of SnO2 coated CuFe2O4  
 
 

(a) (b) 

(311) 

(a) (b) (113) 

(110) 



 1

SYNTHESIS AND CHARACTERIZATION OF SINGLE PHASE Cr, Mn AND 
Ni DOPED NANOCRYSTALLINE ZnO 

 

D. Paul Joseph and C. Venkateswaran* 

Materials Science Centre, Department of Nuclear Physics, University of Madras, 
Guindy Campus, Chennai - 600 025, India. 

*Author for correspondence: E-mail: cvunom@ hotmail.com, Tel: 91- 44 - 22351444 
 

 

ABSTRACT 
ZnO is one among the wide band gap semiconductors being explored for SPINTRONICS applications by doping it with 
magnetic ions. Good quality single-phase compounds are a must to explore the magnetic properties arising due to the 
strong sp-d exchange interaction. Preparation method is vital in deciding the magnetic property. We analyze the 
structural properties of Nanocrystalline ZnO doped with Cr, Mn and Ni prepared by chemical co-precipitation method 
using X-Ray diffraction, SEM and EDAX. Vibrating sample magnetometer measurements were done at room 
temperature to study their magnetic behaviour. The co-precipitation method of preparation is found to be suitable for 
obtaining good quality compounds with the desired magnetic property because of the relatively low temperature 
processing of the precipitated hydroxides. 
 

Keywords: Oxide Diluted Magnetic Semiconductors (DMS), Spintronics, Co-precipitation, Peptization, Diffusion 
 
1. INTRODUCTION 
ZnO, a wide band gap semiconductor doped with 
transition metal ion is widely explored nowadays for 
SPINTRONICS applications [1-5]. Number of literature 
exist on ZnO based Diluted Magnetic Semiconductors 
(DMS) with secondary phases excluding the possibility 
of ferromagnetic signal from those secondary phases. 
The discrepancies regarding the magnetic phase arise 
due to the different processing methods.  The synthesis 
methodology is also an important factor to eliminate the 
secondary phases and small scale structures which 
mislead in judging the magnetic property of the 
material. In this context, synthesis of a single phase 
oxide DMS is a must to explore the magnetic properties 
arising due to the strong sp-d exchange interaction. We 
have optimized the conditions to obtain single phase 
nanocrystalline ZnO:TM (TM = Cr, Mn & Ni) by the 
relatively low temperature processing of the precipitates 
through the co-precipitation method.  
 

2. SAMPLE PREPARATION 
De-ionized water and aqueous ammonium hydroxide 
were used as solvent and precipitating reagent 
respectively. Stoichiometric solution of Zn0.95TM0.05O 
(TM = Cr, Mn & Ni) were refluxed in a suitable setup. 
The precipitating reagent was then added to form the 
precipitates. The details of starting materials for 
different dopants, refluxing time, annealing 
temperatures and sample name are given in Table 1. 
All the nanocrystalline samples were annealed for a 
duration of 2 h in air.  
 

3. EXPERIMENTS, RESULTS AND DISCUSSION 
Powder X-ray diffraction measurements performed 
using Cu Kα radiation for all the samples confirm the 
wurtzite structure. The lattice parameters of 
nanocrystalline ZnO:TM (TM = Cr, Mn & Ni)  

 
annealed at 500 °C/ 2 h in air are given in Table 1. 
Annealing of sample A at 500 °C in air induced 
crystallization and grain growth [Fig. 1]. The crystallite 
sizes of the samples annealed at various temperatures 
calculated by Scherrer's relation [6] are shown in Table 
1. The X-Ray diffraction pattern of Zn0.95Cr0.05O 
(sample A) annealed between 400 °C and 500°C has 
good resemblance with the pattern of ZnO [Fig. 1]. 
Samples annealed beyond 600 oC have CrO peaks of 
very low intensity and their intensity increases 
thereafter for increasing temperatures (not shown here).  
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Fig. 2. XRD Patterns of Zn0.95Mn0.05O 
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Similarly, Zn0.95Mn0.05O (sample B) and Zn0.95Ni0.05O 
(sample C) annealed beyond 700 °C show secondary 
peaks of very low intensity due to manganese oxide 
and nickel oxide respectively and their intensity was 
found to increase for increasing temperatures of 
annealing [Fig. 3 and Fig. 4]. Similar result had been 
reported by T. Wakano et al., for Ni doped ZnO thin 
films [7]. It is inferred from these observations that the 
TM doped nanocrystalline ZnO becomes 
inhomogeneous with increasing annealing 
temperatures, probably from the clustering of the 
dopants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Energy dispersive X-ray analysis spectrum indicated 
samples A, B and C to be nearly stoichiometric (Table 
1). The nominal variation can be attributed to the 
random substitution of the magnetic dopants at the 
cationic site of the host lattice. The SEM micrographs 
of samples prepared by co-precipitation (Samples A, B 
& C) are shown in Fig. 5. Nanocrystalline Zn0.95Cr0.05O 
(sample C, 500°C /2 h in air) has relatively smaller 
crystallite size and different morphology with greater 
surface roughness due to high density of grain  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
boundaries compared to Mn and Ni doped ZnO. The 
aggregate of crystallites of various sizes indicating a 
size distribution was clearly evident from the SEM 
images of sample B and C.  
In the co-precipitation technique, the metal ions are 
mixed on an atomic scale leading to greater reactivity 
and hence homogeneous products result at relatively 
low processing temperatures.  The precipitates have 
fine crystallites of the order of nanometers with 
diffusion distances smaller than that in the ceramic 
method. Hence annealing of these precipitates at 
relatively lower temperatures (500 °C-600 °C) and 
duration results in the formation of  a single phase 
nanocrystalline ZnO:TM (TM = Cr, Mn & Ni). The 
ultimate purpose of this effort is not only to find a 
suitable method for the synthesis of single phase 
ZnO:TM compounds, but to synthesize a material with  
desirable magnetic properties. For this, we performed 
magnetization measurements on nanocrystalline Cr, 
Mn and Ni doped ZnO (each 5%). 
 
 
 
 
 
 
 
 
 
 
 

 
The magnetization measurements were performed in a 
Vibrating Sample Magnetometer (VSM) at 300 K. 
Very few reports exist in literature on the magnetic 
characterization of ZnO DMS using a VSM [8, 9].  

Table 1.  Preparation details, crystallite size, composition and lattice parameters of  
          Nanocrystalline Zn

0.95
TM

0.05
O (TM = Cr, Mn & Ni) 

Sample name  Starting 
materials  

Refluxing 
time  

Crystallite size  Composition 
(EDAX) 

Lattice parameters  

 
 

Sample A  
Zn

0.95
Cr

0.05
O  

 
 
Zinc Nitrate &  

Chromium 
Nitrate  

 
 

 
50 h  

24 nm/400 
°
C  

33 nm /500
°
C  

38 nm/600 
°
C  

40 nm/700 
°
C  

43 nm/900 
°
C  

 
 
 

5.06% 

 
 

a = b = 3.260 Å  
c = 5.217 Å  

Sample B  
Zn

0.95
Mn

0.05
O  

Zinc Nitrate & 
Manganese 

acetate  

 
25 h  24 nm/500 

°
C  

33 nm /700
°
C  

 
4.0% 

 
 a = b = 3.261 Å  

c = 5.210 Å  
Sample C  

Zn
0.95

Ni
0.05

O  
Zinc Nitrate &  
Nickel Nitrate  

 
50 h  34 nm/500 

°
C  

41 nm /700
°
C  

 
4.17% 

 
a = b = 3.264 Å  

c = 5.223 Å  
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Fig. 4. Representative SEM image of Zn0.95Mn0.05O  annealed   
           at 500 °C/2 h in air
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Initially, fresh empty sample holder was swept to 
record the diamagnetic contribution (also to check for 
signal from any impurity within the sample holder), 
which is then subtracted from the signal obtained for 
the sample kept in the sample holder.  
At 300 K, sample A presented a hysteresis loop as 
shown in Fig. 6 with Ms = 0.00158µB per Cr atom.  The 
coercive value was found to be 95Oe.  This indicates 
ferromagnetic-like ordering in Zn0.95Cr0.05O at 300 K. 
Zn0.95Mn0.05O (Sample B, 500°C /2 h in air) and 
Zn0.95Ni0.05O at 300 K also presented a hysteresis loop 
with Ms=0.00173µB per Mn atom with a coercivity of 
64 Oe (Fig. 7) and Ms=0.00141µB per Ni atom with a 
coercivity of 81 Oe (Fig. 8) respectively.  
Samples in the nanocrystalline form have fine 
crystallite size and hence have increased density of 
grain boundaries. The heat energy supplied is mainly 
utilized for grain growth and for reducing the grain 
boundary and related defects. Hence these samples 
have low concentration of electrons than the samples 
prepared by other high temperature methods. Carrier 
concentration is also a factor determining 

ferromagnetism: for example, the M-H curve of 
nanocrystalline Zn0.95Mn0.05O clearly shows 
ferromagnetism at 300 K whereas the same 
stoichiometric compound prepared by ceramic method 
does not [10]. Single phase ZnO:Mn alone is not 
sufficient for obtaining ferromagnetism, rather it 
should be a low temperature processed sample with 
low electron concentration as discussed in Ref. 11. 
This can be achieved by the co-precipitation method. 
 

4. CONCLUSION 
The present study has clearly established that the co-
precipitation technique yields single phase 
nanocrystalline Zn0.95TM0.05O (TM = Cr, Mn & Ni) by 
the relatively low temperature processing of the 
precipitated hydroxides. They were found to stabilize 
in the temperature range 400 °C -600 °C. Also, it is 
clear that the electronic and magnetic properties are 
extremely sensitive to the processing conditions. 
Efforts still continue to investigate other TM ion doped 
ZnO by the chemical co-precipitation method. 
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ABSTRACT 
 

The materials design based on ab initio calculations predict Fe doped ZnO to be a high Tc Diluted Magnetic 
Semiconductor (DMS). We have synthesized ‘Fe’ doped ZnO by co-precipitation and ceramic methods. Structure and 
composition were confirmed by XRD, SEM and EDAX. Its magnetic property studied at 300 K using Vibrating Sample 
Magnetometer presented better hysteresis behavior for the nanocrystalline sample prepared by co-precipitation 
technique. The optical property of both the samples had been studied using diffuse reflectance (DRS) spectroscopy in 
the UV-VIS region. These studies indicate that the co-precipitation method of preparation has the advantage in tuning 
the magnetic, electrical and optical properties by way of controlling the particle size, dopant and carrier concentration. 
 

Keywords: Diluted Magnetic Semiconductors, Spintronics, Zn0.95Fe0.05O, Diffuse Reflectance Spectroscopy (DRS), 
hysteresis 

 
1. INTRODUCTION  
 

ZnO, the transparent conducting oxide is a promising 
n-type material for opto electronic applications due to 
its wideband gap energy of 3.3 eV and a high exciton 
binding energy of 60 meV. ZnO is also emerging as a 
potential Diluted Magnetic Semiconductor (DMS) for 
SPINTRONICS applications. DMS are semiconducting 
compounds whose lattice is made up in part by 
substitutional magnetic ions.1-3 The materials design 
based on ab initio calculations predict Fe doped ZnO to 
be high Tc DMS in which the ferromagnetic states are 
stabilized by electron doping.4,5 Therefore stabilization 
of ferromagnetism in ZnO would lead to interesting 
magneto-optical applications as well. S. J. Han et al 
have demonstrated that additional Cu doping into Zn(1-

x)FexO aids the stabilization of FM6. 
We have synthesized ‘Fe’ doped ZnO by the chemical 
co-precipitation and ceramic methods to form Zn(1-

x)FexO with x = 0.05 and characterized them for 
structural, composition, magnetic and optical 
properties. 
 

2. SAMPLE PREPARATION 
 

ZnO was precipitated from zinc nitrate solution for the 
purpose of comparison. 
Sample A: Zinc Nitrate and Iron nitrate solutions for 
the stoichiometry Zn0.95Fe0.05O were prepared in de-
ionized water, mixed and refluxed for 50 h in a suitable 
set up. Precipitation was done using aqueous 
ammonium hydroxide (NH4OH) after cooling the 
solution. The precipitates were washed using de-
ionized water (peptization) to remove the water soluble 
by-product, ammonium nitrate. The spongy contents 
were filtered, dried and then powdered.  
Sample B: Polycrystalline Zn0.95Fe0.05O was 
synthesized by ceramic method from ZnO and Fe2O3 

powders. The stoichiometric mixture was pelleted and 
sintered at temperatures varying from 900°C to 1200°C 
in air for periods ranging from 12 h to 48 h. 
 

3. RESULTS AND DISCUSSION 
 

Powder X-ray diffraction measurements on Sample A 
(500°C / 2 h in air) using Cu Kα radiation confirmed the 
wurtzite structure with lattice parameters, a = b = 3.260 
Å and c = 5.217 Å. The as prepared sample had 
amorphous nature. Annealing at 500°C in air induced 
crystallization [Fig.1]. Annealing at higher 
temperatures induced grain growth.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The crystallite sizes from Scherrer's relation for sample 
A annealed at different temperatures (2 h in air) were: 
24 nm for 500°C, 33 nm for 700°C. The X-Ray 
diffraction pattern of sample A annealed between 
500°C - 700°C has good resemblance with the pattern 
of ZnO [Fig. 1]. Stability of Zn(1-x)FexO and secondary 

Fig. 1. XRD Pattern of Zn0.95Fe0.05O (Sample-A) annealed  
             at different temperatures 
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phases are sensitive to changes in preparative method 
and synthesis temperature7.  
Sample A annealed beyond 700°C has secondary peaks 
of very low intensity due to iron oxides which 
increases thereafter for increasing temperatures of 
annealing. Fig. 2 shows the XRD patterns of 
Zn0.95Fe0.05O samples obtained by ceramic method for 
several sintering temperatures. Intensity of Fe2O3 peaks 
were found to suppress for sintering at 1200 0C/48 h 
but few Fe3O4 peaks emerge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Energy dispersive X-ray analysis (EDAX) 
spectrum indicated both the samples to be nearly 
stoichiometric with a composition of 4.5% for sample 
A and 4% for sample B. The nominal variation in 
composition from EDAX is attributed to the random 
alloying of the compounds.  
The SEM micrographs of sample A (top) and sample B 
(bottom) taken with the same magnification are shown 
in Fig. 3. Nanocrystalline Zn0.95Fe0.05O (sample A, 
500°C /2 h in air) has relatively smaller crystallite size 
and a greater surface roughness (due to high density of 
grain boundaries) than sample B prepared by ceramic 
method. The aggregate of crystallites of various sizes 
indicating a size distribution is clearly evident for 
sample A from the SEM micrograph. Since the ceramic 
method (sample B) involves sintering of stoichiometric 
mixtures at higher temperatures, the crystallites are in 
the order of micrometer with relatively smooth surface. 
The magnetization measurements were performed in a 
Vibrating Sample Magnetometer (VSM) at 300 K for 
sample A (500°C /2 h in air) taken in the form of a 
small pellet. Few reports exist in literature on the 
magnetic characterization of ZnO DMS using a VSM8-

10. Initially, empty sample holder was swept to record 
the diamagnetic contribution, to apply appropriate 
correction for the signals obtained with samples. The 
signal at 300 K indicates ferromagnetic-like ordering in 
Nanocrystalline Zn0.95Fe0.05O [Fig. 4]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
However, if Fe3O4 (Magnetite) is present as impurity 
(undetectable by XRD) and contributes to hysteresis, 
the magnitude of magnetization would have been 
larger. Since the magnitude is small, the contribution 
from magnetite is discarded. At 300 K, sample B 
(processed at 1200°C for 24 h) presents a loop with 
paramagnetic like behavior at higher applied fields 
[Fig. 5] and ferromagnetic like behavior at lower fields 
(inset) without saturation. 
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Fig.  3.  The SEM image of sample A & B (top & bottom)  
              annealed & sintered at 500 °C/2 h and  1200 °C/24 h

in air respectively
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Fig. 2. XRD Pattern of Zn0.95Fe0.05O (Sample-B) sintered  
                   at different temperatures 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This sample has traces of Fe2O3 as evident from the 
XRD pattern.  Contribution from ferromagnetic γ-
Fe2O3 (maghemite) can be neglected because beyond 
400 0C, it is in α-Fe2O3 form (hematite), which is a 
canted antiferromagnet and may contribute to the 
paramagnetic like behavior for sample A at higher 
applied fields. 
The DRS UV-VIS spectrum of Zn0.95Fe0.05O prepared 
by both the techniques show decrease in percent 
reflectance than undoped ZnO [Fig. 6].The reflectance 
edge of samples A and B shift towards the visible 
region indicating the band gap excitations by visible 
light. Sample B, sintered at 1200°C for 24 h in air was 
deep red in color than the sample prepared by chemical 
method.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The spectrum of Zn0.95Fe0.05O shown in Fig. 6 shows 
shift towards lower energies, with band gap value of 
2.76 eV. This red shift is interpreted in terms of the sp-

d exchange interaction between the band electrons and 
the localized d electrons of the transition metal ion at 
the cationic site11. Sample A has a gradual fall in 
reflectance which implies that there is a distribution of 
crystallite size which is also confirmed from the SEM 
image. Since sample B is processed at high 
temperature, it has bulk crystallites with size falling in 
a narrow range resulting in a considerably sharp fall in 
percent reflectance than sample A (Fig. 6 inset). 
 
4. SUMMARY AND CONCLUSION 
 

Single phase Zn0.95Fe0.05O prepared by co-precipitation 
method which stabilizes around 500 °C shows room 
temperature ferromagnetism. Distribution in crystallite 
size for the sample prepared by co-precipitation 
technique is inferred from both SEM and DRS 
measurements. Fe substitution in ZnO affects the 
transparency considerably in the visible region. The 
DRS UV-VIS spectrum of Fe doped ZnO prepared by 
both the techniques presented reflectance edge in the 
visible region. This indicates the band gap excitations 
by visible light. Monodispersed Zn0.95Fe0.05O is to be 
prepared and studied by Moessbauer spectroscopy in 
the near future. 
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Fig.  6.  Diffuse reflectance spectrum in the UV-Visible region 
              for undoped ZnO,   Zn0.95Fe0.05O: sample A and    
              sample B (Inset shows the linear fit for sample B)
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Abstract 
 Ferrofluids belonging to the series NixFe1-xFe2O4 where ‘x’ have been synthesized by 
chemical co-precipitation and their structural characterization have been carried out using X-Ray 
Diffraction. Micro structural characterization as well as grain size estimation have been carried 
out by TEM and Electron diffraction techniques which revealed the ultra fine nature of the 
suspended particles. The synthesized ferrofluids were characterized optically by absorption 
spectra taken in three different ways to eliminate the effect of carrier liquid and surfactant 
coating. The optical band gap determined by Tauc plots is found to be blue shifted by 0.63 eV for 
magnetite based ferrofluids which is explained on the basis of exciton confinement in the weak 
regime. The addition of Ni on the lattice further reduces the grain size and enhance the blue shift 
up to 1.06 eV and the observations were interpreted in terms of the combined effect of alloying 
and grain size variation. Thus a magnetic fluid could be synthesized with higher transparency by 
the quantum confinement effect by careful variation of grain size and dopant concentration. By 
carefully varying the synthesis parameters, possibility of obtaining a more optically transparent 
ferrofluid is proposed which is quite important from the application point of view.  
 
Introduction 

Transparent magnetic materials finds extensive application potential in versatile fields 
like Xerox technology, magneto-optical recording, magnetic field controlled optical modulators, 
magneto-optical displays and switching devices 1,2,3. With the advent of nanotechnology, it is 
known that both the optical and magnetic properties could be greatly modified if the synthesized 
particles are in ultrafine regime. The optical properties of the materials change dramatically when 
the grain size is reduced to the order of Bohr radius limit4. Semiconductor nanocrystallites are 
recently studied for their excellent optical properties due to the quantum confinement effects. It is 
reported first in CdSe nanocrystals that in the strong quantum dot confinement a shift of 1.54 eV 
in energy band gap is exhibited 4.  

In the present investigation, magnetite based ferrofluids have been synthesized by 
chemical co-precipitation and their structural characterization have been carried out using X-Ray 
Diffraction. Micro structural characterization as well as grain size estimation have been carried 
out by TEM which revealed the ultrafine nature of the suspended particles. The synthesized 
ferrofluids were characterized optically by absorption spectra taken in three different ways to 
eliminate the effect of carrier liquid and surfactant coating. The optical band gap determined by 
Tauc plots is found to be blue shifted  by 0. 63eV for magnetite based ferrofluids which is 
explained on the basis of exciton confinement in the weak regime5.  



Alloying with any other metals is also found to enhance the blue shift in Ni doped CdTe 
nanocrystalline thin films6. Here such an attempt is tried to synthesise ferrofluids with varying 
nickel doping for tuning the band gap. The addition of Ni on the lattice further reduces the grain 
size and enhance the blue shift up to 1.03 eV and the observations were interpreted in terms of 
the combined effect of alloying and grain size variation. By carefully varying the grain size and 
doping percentage, possibility of obtaining a more optically transparent ferrofluid is proposed 
which is quite important from the application point of view.  
Experimental Techniques 
2.1 Preparation of magnetite ferrofluids 

The magnetite ferrofluid samples were synthesized by standard co-precipitation of aqueous 
solutions of 2M Fe(NO3)3 9H2O and 1M FeSO4 7H2O at room temperature at a pH of 11.5 and 
insitu coating is provided with oleic acid and the wet slurry is washed with acetone and finally 
dispersed in  kerosene.  

 

2.2. Doping  

Insitu doping with Ni was carried out using the standard co-precipitation technique using xM 
NiSO4 7H2O, 1-xM FeSO4 7H2O, 2M Fe(NO3) 3 9H2O for the synthesis of ferrofluids belonging 
to the series NixFe1-xFe2O4 where ‘x’ was varied from 0.1 to 0.7. 

 

2.3 XRD Studies 

The synthesized ferrofluids have been dried by the reversible flocculation technique using 
acetone and the slurry was dried in room temperature. The XRD spectra of the samples were 
recorded on an X-ray diffractometer (Rigaku D-max-C) using Cu Ká radiation (ë=1.5405Å). The 
particle size was estimated by employing Debye-Scherer’s formula 
 
2.4. Transmission Electron Microscopy (TEM) 
The synthesized ferrofluids have been dried by washing with acetone and were analyzed for their 
grain size and grain size distribution using transmission electron microscopy (TEM). The 
electron diffraction (ED) spectrum was also recorded and the lattice planes were identified using 
the ED spectrum.  
2.5. Optical studies 
Optical absorption spectrum was recorded using a Hitachi U-3410 UV-VIS-NIR 
spectrophotometer for the pure as well as nickel doped magnetite based ferrofluid samples and 
the band gap was determined for all the synthesized samples. Using an extrapolation to the X axis 
of the pot of “(αhν)2 vs hν”, gives the band gap of the material if it is a direct transition which is 
the Tauc plots  .  
 
3. Results and Discussions 
 X Ray diffraction spectra (Fig. 1) of ferrofluids shows that synthesized particles are in the 
ultra fine regime.  
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Fig. 1 Typical X Ray Diffraction Spectrum of Ni0.1Fe0.9Fe2O4 ferrofluids 

Lattice planes were identified using both XRD and Electron diffraction (ED) spectrum. Exact 
grain size and size distribution were estimated using Transmission Electron Micrograms. 
Representative TEM micrographs are depicted in Fig. 2.   

 
Fig. 2 TEM Image of a representative ferrofluid sample (dried) Inset - Electron Diffraction spectrum. 

 
The TEM images shows that the grain size distribution is narrow and grain sizes are in the 

range 55-70Å. Lattice planes were also calculated using the Electron Diffraction Spectrum. (Inset 
Fig. 2) The grain sizes for all the samples have been estimated and plotted for all compositions 
(Fig. 3).  
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Fig. 3 Grain size vs composition in NixFe1-xFe2O4 (0 corresponds to Fe3O4) 

 
Lattice parameters were evaluated and plotted for the variation in ‘x’ in the series NixFe1-

xFe2O4 (Fig. 4) using X ray diffraction data. The lattice parameter variation is as per Vegard’s law 
and parameter shows a linear decrease with increasing nickel doping. 
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Fig. 4 Lattice Parameters vs Composition 

 
The optical absorption spectra of the pristine and the doped samples were recorded. Absorption 
spectra of magnetite ferrofluids obtained using different techniques are provided (Fig. 5)  
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Fig. 5. Absorption spectra recorded for Ni0.1Fe0.9Fe2O4 ferrofluids 

 
Their optical band gaps were determined using Tauc plots [8] and they are plotted for all 

the samples in the series (Fig. 6).  
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Fig. 6 Optical bandgap determination NixFe1-xFe2O4 ferrofluids using Tauc plots 

 
A large blue shift in energy band gap of 0.626 eV for the undoped samples (Eg=2.726 eV) 

is observed as compared to the bulk value of 2.1 eV which is reported elsewhere . The details are 
included in Fig. 8. Doping with nickel enhanced the blue shift up to 3.16 eV. The band gap is 
determined and plotted using this method for the entire nickel series (Fig. 8).  
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Fig.7. Energy band gap for NixFe1-xFe2O4 ferrofluids 

 
Optical absorption spectrum of many of the nanocrystalline semiconductors exhibits a 

blue shift due to the quantum confinements. The confinements in these nanostructured 
semiconductors could be broadly divided into two extremes, namely the strong and the weak 
confinement. In the strong confinement regime, the grain size is less than 2a0 where a0 is the 
exciton Bohr radius of the material and in the weak confinement regime, the grain size is larger 
than 4a0. In between these limiting cases, both electron and hole confinement and their Coulomb 
interaction should also be considered.  

Strong quantum confinement will occur only if the grain size distribution is very narrow 
and the particle could be compared as a molecule in its orbital level in which a quantum dot like 
confinement occurs if the nanocrystallite grain size is less than the Bohr radius of the material. 

In the weak confinement regime, quantization of exciton centre of mass comes into play. 
Starting from the dispersion law of an exciton in a crystal, the energy of a free exciton is replaced 
by a solution derived for a particle in a spherical potential well. The energy of an exciton in the 
weak confinement case is then of the form 
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Eg is the bandgap, Ry* is the Rydberg’s constant. 

For the lowest state (n=1, m=1, l=0) the energy can be expressed as  
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for 1s-1s excitons. Thus the band gap energy shift is a function of 1/(meff.R
2),where R is the 

nanocrystallite radius and meff is the effective mass of the exciton in weak confinement. The 



addition of nickel in the lattice of magnetite can alter the effective mass meff  by a small fraction 
due to the difference in heavy whole energy spectra due to the doping of nickel 
 From the X-Ray diffraction line broadening of the central maxima peak, the average grain 
size is estimated (Fig. 4) and they were compared with the grain size observed in TEM 
micrograms. The grain size measured from TEM micrograph agrees with that calculated from X 
ray analysis. Calculated grain size is used for fitting the bandgap values according to eqn 3.5 
where ‘R’= ½ (grain size). 
 A fit for energy band gap is plotted according to eqn 3.3 and shown in Fig. 8. 
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Fig. 8 Variation of band gap in NixFe1-xFe2O4 ferrofluids 

 
 Actually the exciton of 1s electron-heavy hole has comparable values of effective mass 
meff for almost all the semiconductors and thus the energy shift variation becomes a function of 
the nanoparticle radius in the weak confinement regime in semiconductors. Here a further blue 
shift is observed as compared to the 1/R2 theory mainly due to the alloying induced lattice 
contraction which is quite important from the application point of view. Also enhancement of  
quantum confinements and thereby energy band gap by reducing the grain size further may result 
in a lesser magnetization value which is not favourable from the application point of view. 
Further enhancement of blue shift by nickel alloying assumes significance in this context.  
 
4. Conclusion 
Careful control of grain size the co-precipitation parameters like pH and temperature ensured the 
synthesis of smallest possible magnetic grains. Insitu capping by the surfactant oleic acid 
prevents further grain growth. Their optical absorption spectrum shows a high blue shift of 0.63 
eV in band gap due to quantum confinement effects which are higher than that in the weak 



regime. Strong confinement in magnetite needs still lower grain size which may reduce 
magnetization and not favored under application point of view. Addition of nickel with varying 
percentage on the magnetite lattice still reduces the band gap by the alloying effect, which results 
in a blue shift higher than that in the weak confinement regime. The blue shift varies almost as 
the square inverse of the nanocrystallite’s grain size, but additional blue shift can be attributed to 
the alloying effect of nickel which introduces lattice contraction which is evidenced by the XRD 
studies. This enhanced blue shift in optical band gap by nickel alloying will enable us to obtain 
ferrofluids having a better transparency which can find potential applications. 
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ABSTRACT 

 
Ultrafine particles are of immense importance both from the fundamental and application point of view. Ultrafine 
magnetic particles exhibit size effects which are manifested in their improved magnetic and electric properties1,2. 
Mechanical attrition by high energy ball milling is a top down process to produce fine particles3. However, fineness is 
associated with high surface area and hence prone to oxidation which plays a detrimental role in the useful properties of 
these materials. Passivation of ultrafine particles is known to inhibit surface oxidation. At the same time, the coating of 
the polymer film4 on the inorganic substance modifies the surface properties drastically. In this work a modified setup 
consisting of an RF plasma polymerization technique is employed to coat a thin layer of a polymer film on ultrafine Fe 
particles produced by HEBM3. Ball milled particles having various particle size ranges are coated with PANI. Their 
electrical properties are investigated by measuring the dc conductivity in the temperature range 10 to 300K5,6. The low 
temperature DC conductivity (I-V) exhibited non-linearity. This non-linearity observed is explained on the basis of a 
critical path model5,6,7. There is clear cut evidence for the occurrence of inter granular tunneling. The results are 
presented here in this paper. 
 
 
1 INTRODUCTION  

 
Recently, as an essential component of nanotechnology 
in the 21st century, materials consisting of particles with 
diameter less than 100 nm have attracted a great deal of 
attention. Owing to their nanometer size, these particles 
exhibit dramatic changes in physical and chemical 
properties (i.e., novel properties that differ considerably 
from those of molecules as well as bulk materials), 
which could be utilized in many important applications. 
The demand for smaller materials for high density 
storage media is the fundamental motivation for the 
fabrication of nanoscale magnetic materials. The idea of 
nanoscale molecular device is not particularly new, and 
has been around since the earlier ideas of Feynman, who 
addressed the issue of quantum mechanical computers.  
 
2 EXPERIMENTAL 
 
á-Fe power of mean diameter 230Å was purchased and 
using high energy ball mill the iron powders were 
milled for various durations. The powder was then 
coated with PANI using RF plasma polymerization 
technique. It was done in home built setup shown in 
figure 1.  

 

Figure 1: RF Plasma polymerization setup for surface 
modification of nanoparticles 

 
The powder was then pressed into cylindrical disks of 
13mm diameter and around 1mm thickness in a 
tempered steel die under a pressure of 7.5 tones. 
 
3 RESULTS AND DISCUSSIONS 

3.1 Structural characterization using XRD  
 
Elemental iron is known to exhibit three phases. At 
room temperature, metallic iron exists in a cubic 
ferromagnetic form (á-Fe) or in a cubic paramagnetic 
form      (ã-Fe). There is also another phase of iron, the 
ä-Fe which is not stable. á-Fe has a body centered cubic 
structure. Figure 2 shows the XRD of Fe at various 
milling time. The prominent lines are identified using 
JCPDS tables. The X-ray diffraction curve has two 
peaks at 2è = 44.6° and 65.01°, corresponding to (110) 
and (200) plane of the á-Fe lattice respectively. It is 
clear that as the milling time increases the diffraction 
peaks slightly broadens indicating the reduction of size 
of the particles. 

10 20 30 40 50 60 70

10 20 30 40 50 60 70

10 20 30 40 50 60 70

2θ (Degree)

Fe as Purchased
Size=231.4 A

Fe 30min
Size=165.2 A

R
e

la
ti
v
e

 I
n

te
n

s
it
y
 (

a
.u

.)

Fe 20hr
Size=156.2 A

 
Figure 2: XRD of Fe at various milling time 
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3.2 Conductivity measurements  
 
The data on I-V characteristic, at different temperatures 
for 20hr milled particles were generated.  The I-V 
characteristic (figure 3) shows nonlinear behavior, 
which was anomalous, and it was difficult to explain the 
anomalous behavior of these particles.  They were 
reproducible and this confirms that the nonlinear 
property is exhibited by PANI coated Fe particles and 
this is a result of surface phenomena occurring at the 
interfaces. This could be explained using the existing 
critical path model[5]. 
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Fig.3:  20 hr milled PANI coated Fe 

Since the size of all the particles under consideration are 
not the same, log normal distribution of charging energy 
is taken. 
 
3.3 Model fitting 

Using the formula[5,6,7], x = ND0
3 π 2 /6 , metal 

volume fraction is calculated for Fe which is bcc and it 
is found to be about  0.713. Critical volume fraction is 
calculated using  

Vc = 
2

1
Ã6( 3

4 )[(1+A/2)3-1]2   

Where  Ã( 3
4 ) = 0.89301, A=

><
><

S

D
,    

D is the average grain size (15nm) and S is the average 
grain separation (10 nm), which is found to be 4.27. For 
unmilled Fe samples (which show linear I-V) D=230 Å, 
Vc=20.2593. Which give upper limit for the 
intergranular transition condition. 
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Figure 4: T-1/2  vs  –ln σ (20hr milled PANI coated  Fe) 
at 5.8 V 

A sudden change in the –ln σ - T-1/2 at 10K gives a 
minimum temperature limit for the model. As a further 
conformation of the model, slope of the linear T-1/2  vs  –
ln σ curve is drawn in figure 5. This is in exact 
agreement with the result in [5]. This is also an evidence 
for the intergranular electronic transfer in these systems. 
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Figure 5 : Voltage-slope of the linear T-1/2  vs  –ln 
σ curve 

 
4 CONCLUSION 
 
As far as applications are concerned surface coating of 
ultrafine particles  not only provide passivation but the 
reduced conductivity together with passivation can be 
used for transformer core applications. If one work out 
the eddy current losses of these nanomaterials coated 
with various polymers, this can be useful material and 
has definite advantage over conventional Fe cores. If the 
composite can be tailored to exhibit nonlinear behaviour 
(V-I) at room temperature, this can be thought of as a 
varistor! 
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ABSTRACT 
 

The discovery of nano scale phenomena and their potential application in different areas such as micro- or 
nano- electronics has led to a rapid increase in research on functional properties of nanostructures. CoNiFe alloy based 
soft magnetic materials have gained popularity over the FeNi alloy because of their superior properties as write head 
core materials in head disk drives. The objective of the present work is to prepare nanocrystalline CoNiFe alloy films by 
pulse current electrodeposition technique. The variation of the Fe content of the alloy films was investigated as a 
function of current density. The ratio of BCC/FCC phase is higher for such deposits, which increases the saturation 
magnetization of the film. The crystal structure, surface morphology, chemical composition and magnetic properties of 
the CoNiFe alloy thin films were determined by X-ray diffraction (XRD), scanning electron microscope (SEM), energy 
dispersive X-ray analysis (EDX) and vibrating sample magnetometer (VSM).  

 
1. INTRODUCTION  
 
Magnetic materials play an outstanding role in the 
development of new technologies for magnetic 
recording media and information storage. Many alloy 
materials such as Co–Ni, Ni–Fe, Co–B, Co–Fe–B, Co–
Ni–P and Co–Ni–Fe are being developed for use in 
modern high density recording [1-10]. In particular, the 
development of electrodepositied nanocrytalline soft 
magnetic thin films with high magnetic moment (Bs), 
low Coercivity (Hc), and high Permeability (µr) have 
great applications in several kinds of applications such 
as magnetic sensors and magnetic recording heads. 
Electrodeposition is the better option for the synthesis of 
such films, because it yields better soft magnetic 
properties at corresponding compositions, easily allows 
orientation of film anisotropy, and most importantly 
enables the production of pole tips of very high quality 
by means of the plating through-mask patterning 
process and also cost effective. Pulsed-current 
electrodeposition is a technique, which could reduce or 
completely avoid compositional gradients by 
regenerating the initial ion concentrations at the 
cathode/solution interface at the beginning of each pulse 
period. Moreover, by tailoring pulse shape and duration, 
this technique enables close control of the nucleation 
and growth processes and allows modification of film 
microstructure. The film composition as well as the ratio 
of BCC and FCC phases along with their magnetic 
properties will be discussed. 
 
2. EXPERIMENTAL PROCEDURE 
 
The bath composition and operating conditions of the 
plating bath employed for preparing CoNiFe alloy films 
is given in Table 1. The CoNiFe films were prepared at 
different applied current densities (CD) in the range of 
5-20 mA/cm2. The plating time was varied depending 
upon Ton and Toff. The duty cycle is defined as Ton/ 
(Ton + Toff), where Ton is the pulse-on period and Toff 
is the relaxation period (off-period). The 

electrodeposited CoNiFe alloy films were characterized 
by X-ray diffraction (XRD) (Rich Siefert; Model 3000, 
using a Cukα1 = 1.5406 Å) radiation and scanning 
electron microscopy (SEM) to evaluate its structural 
characteristics and morphological features. The 
chemical composition of the CoNiFe alloy films was 
determined by energy dispersive spectrometry (EDAX) 
and the magnetization was measured using Vibrating 
Sample magnetometer (VSM). 
Table.1. Chemical composition and operating conditions 
of the plating baths used to electrodeposits 

Chemical composition and Operating 
conditions 
NiSO4.6H2O 0.3M 
CoSO4.7H2O 0.08M 
FeSO4.6H2O 0.015M 
Tri-Sodium Citrate 0.2M 
Sodium Lauryl Sulphate 0.01g/l 
Boric acid 0.15M 
Temperature 27 ±1°C 
Current density (mA/cm2) 5.0 – 20.0 

 
3. RESULTS AND DISCUSSION 
 
The CoNiFe alloy films were produced by pulse plating 
technique. The grain size of nano-structured CoNiFe 
films has been controlled by pulse parameters and 
Current density. The electrodeposition of nano-
structured metals is expected if large number of nuclei 
on the electrode surface is created and the growth of 
nuclei is strongly impeded. Therefore very high current 
density should be applied for short time to enhance the 
nucleation. After this strong current pulse the electrolyte 
in the vicinity of the electrode is depleted from cations, 
but they will be supplied during the relaxation period 
(Toff). Effect of current density on the plating rate is 
shown in Fig.1. The deposition weight increases with 
current density. This can be described to the electrolytic 
nature. The electrodeposition of Co2+, Ni2+, Fe2+ ions 
and their alloys are always accompanied by hydrogen 
codeposition.  
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Fig. 1. Effect of current density on the plating rate. 

 
Typical surface morphologies of CoNiFe alloys with 
different Fe content are shown in Fig. 2(a-c.) A bright 
metallic cluster was clearly observed on the substrate 
side; on the other hand, the solution side was dark and 
brownish for films deposited at low current density. The 
lost metallic cluster of the film surface might be 
ascribed to an increase in surface roughness with film 
growth. SEM images revealed that deposits with iron 
percentages over 24 wt% were of non-homogeneous 
morphology tending to needle-like structures Fig.2 (a). 
In contrast, the Fe with 16wt% was showing 
cauliflower-like structures incipient cracking as the 
thickness was increased Fig.2 (b). The micro crackings 
were enhanced by increasing the deposition CD or by 
applying more negative potentials Fig.2(c).  
 
In Fig. 3. Three element map showing composition of 
CoNiFe alloy films. The phase diagram Phase I with 
high Fe content for low CD and phase II with increase 
Ni content with CD. Since Ni2+/Ni have the most 
positive potential among the three metal electrodes, it 
should be plated out first. This anomalous phenomenon 
of Ni deposition has been reported [1, 2, 3].  Powder 
XRD was employed to analyze the phase formation and 
grain size of the deposited CoNiFe film. The major 
XRD Peaks for FCC and BCC phase are (111) for FCC 
at 2θ 44.1° and (110) for BCC at 2θ 45.2° respectively. 
The crystallographic data of single element JCPDS and 
electrodeposited CoNiFe alloy films are shown in the 
table 2. [4, 5]. The intensity of the FCC diffraction 
peaks FCC (111) and (200) decreased with increasing 
CD (decreasing Fe content). The intensity of the BCC 
peak slightly increased may be due to the transition 
from FCC to mixed FCC/BCC structure with increasing 
CD are shown in Fig.4. The FCC/BCC coexist phase in 
the film exhibit best soft magnetic properties.   
This can be ascribed the connotative nucleation and 
growth of the two phases, which could result in the 
reduced crystalline size in the film which also observed 
by Osaka et al [6]. The grain sizes of different CoNiFe 
films were estimated from the results obtained from the 
XRD measurements using the Scherrer formula. The 
grain size slightly decreases with CD (where the amount 

of FCC is increased) and the value estimated for the 
grain size of CoNiFe films were in the range of 3-6 nm, 
however, increasing the CD the crystalline structure 
FCC changed to mixed FCC/BCC phase. 
 
Table 2. Crystallographic data of single elements 
JCPDS and electrodeposited CoNiFe alloy films 
 
 

Film wt.% Structure 
Co 
Ni 
γ Fe 
αFe             
Co67Ni17Fe16            
Co64Ni16Fe20             
Co64Ni11Fe25 

FCC 
FCC 
FCC 
BCC 
FCC 
FCC        
FCC/BCC 

 
 

 
Fig. 2a 

 
Fig. 2b 

 
Fig2c 

Fig. 2 (a-c) Scanning electron micrographs (5000X 
magnification) of CoNiFe alloy films obtained at different 
current densities (a) 5 mA/cm2; (b) 10.0 mA/cm2; and (c) 20.0 
mA/cm2 

 
It is well evident from the figure that as the CD 
increases the coercivity increases and the saturation 
magnetization decreases, which are the basic 
requirements for a soft magnetic material. The mixed 
FCC- BCC structure of soft magnetic CoNiFe film has 
small grain size for approximately half of BCC or FCC 
structure [7]. 
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Fig. 3. Ternary Phase diagram of electrodeposited CoNiFe 
alloy Films 
 
The magnetic properties of CoNiFe alloy films with the 
most promising composition were characterized using a 
Vibrating Sample Magnetometer (VSM). The coercivity 
and saturation magnetisization values obtained from 
VSM analysis is plotted against CD and is shown in the 
Fig. 5. 

Fig. 4. X- Ray Diffraction Patten of CoNiFe alloy films 
 
The analysis on CoNiFe alloy of the various CD 
revealed that for lower CD the saturation magnetization 
(Ms) increased to 133.8 emu/gm and coercivity (Hc) 
decreased to 87.5 Oe. Increase in the Ms value can be 
ascribed due to the increase in the Fe content in the 
sample. The low coercivity obtained is due to the 
reduction of the grain size, which is obtainable in the 
presence of mixed crystalline phase. The similar results 
were also reported by Osaka et al [8,9].  One of the 
important factors in the application of soft magnetic film 
is their coercivity. Reducing the coercivity (Hc) of soft 
magnetic films is of important for the practical 
performances. From the figure we can reveal that 
redaction on the FCC/BCC reduced coercivity and 
increase the saturation magnetization with grain size.  
 
 
 

Fig. 5. Magnetic properties of CoNiFe alloy films as the 
function of CD 
 
CONCLUSION 
 
The ratio of BCC/FCC Phase is higher for such deposits, 
which increases the saturation magnetization of the film. 
The CoNiFe alloy deposits are rich in Ni when obtained 
using higher current densities. The ratio of BCC/FCC 
phase is lower for such deposits. The surface 
morphology of the films reveals that the Fe rich alloy 
deposits are rough whereas the Ni rich alloy deposits are 
relatively smooth in nature. The composition of the 
CoNiFe alloy film has a stoichiometry of Co67Ni17Fe16, 
Co64Ni16Fe20 and Co64Ni11Fe25. The grain size ranged 
from 3 – 6nm. The excellent soft magnetic properties 
(Ms = 133.8 emu/gm and Hc = 87.5 Oe) was 
determined. 
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ABSTRACT 

 
Exploding a wire on a metallic plate in needle-plate geometry, we demonstrate reorganization of the metallic surface. 
Optical microscopy shows clear concentric ring pattern formation in the metallic plate. Atomic force microscopy 
provides details of nanostructured material that constitute these rings.  
 
1 INTRODUCTION 
 
Nanostructured materials may be defined as those 
materials whose structural elements - clusters, 
crystallites or molecules – have dimensions in the 1 to 
100 nm range. The explosion in both academic and 
industrial interest in these materials over the past 
decades arises from the remarkable variations in 
fundamental electrical, optical and magnetic properties 
that occur as one progresses from an ‘infinitely 
extended’ solid to a particle of material consisting of a 
countable number of atoms. It is realized that the 
properties of materials can be engineered by controlling 
the size of these building blocks and their assembly. The 
highly beneficial properties of nanostructured materials 
are integral to the development of advanced 
technological innovations.  
 
We employ electro-explosion technique to get 
nanostructured materials i.e. through a nonequilibrium 
process. Electro-explosion of wires, traditionally 
employed for generating hot plasmas and high-brilliance 
photon sources is being increasingly used as an 
application tool for destruction of redundant objects or 
for preparation of nanomaterials. Explosion of wires1 is 
achieved when a very high current, suddenly applied to 
a thin conducting wire, causes it to fragment 
explosively. Various experimental and theoretical 
investigations of this phenomena exist2-11. A study of the 
literature shows that wire explosion and fragmentation 
generally tend to proceed in the following manner: 1) 
Heating of wire and wire melting; 2) Wire explosion 
(evaporation) and formation of a high density core 
surrounded by low density ionized corona; 3) Coronal 
compression by self-induced magnetic fields, and 4) 
Fast expansion of explosion products resulting in shock 
wave generation. 
  
In this paper, we present results from exploding a 
metallic needle on a metal plate. The metallic surface 
reorganizes as a result of the shock waves generated and 
gives concentric ring pattern in the metal plate. Atomic 
force microscopy provides the details of these rings and 
show that these are composed of nanometer sized 
entities.  
 
2 EXPERIMENTAL ARRANGEMENT 
 
Single wire single explosion (SWSE) experiments were 
carried out using iron wire tips and polished iron plates 

in the voltage range 12-48 V DC. The experimental 
arrangement consists of an iron plate as one of the 
electrodes and the wire as the other electrode (Fig. 1). 
The explosions were carried out in a reactor vessel 
specially designed for this purpose using water as 
medium in which the spark is carried out. A 0.5 Ù, 200 
W resistor in series was employed to measure the 
current through the wires, recorded employing a digital 
oscilloscope (model Tektronix TDS 350) with a base 
time resolution of 2.5 ns. 
 
Sample plate roughness is of prime importance in this 
experiment. Hence the iron plates were polished using a 
mechanical polisher to get a roughness of the order of 
50-500 nm. This was confirmed by atomic force 
microscope (AFM) measurements.  
 
In order to achieve a single spark, a special arrangement 
is designed to bring the tip close to the stationary plate 
in a controlled fashion. On achieving first contact the 
movement of the tip is stopped. A toggle switch is then 
activated to connect the arrangement to a battery bank. 
As the initial spark naturally breaks the circuit, multiple 
sparks are eliminated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 RESULTS AND DISCUSSION 
 
In Fig. 2 we show optical micrograph of SWSE result 
from exploding iron tip with diameter = 370 µm on an 
iron plate, while holding the plate with a positive 
polarity compared to the needle (Fe/Fe system). The 

Fig.1 Schematic diagram showing the 
arrangement employed to perform a needle-plate 
explosion. The current through the setup is 
recorded across a 200W resistor and stored in an 
oscilloscope. 
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figure clearly shows rings emanating from the point of 
contact made by the iron tip with the iron plate. The 
rings die out at the extreme of a circle whose diameter 
for the Fe/Fe system is 1425 µm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The process leading to the formation of the rings can be 
outlined here. The exploding needle-plate system brings 
the plate instantaneously to its melting point. The shock 
wave generated after the explosion then travels through 
the melt. The ring patterns are a result of stationary 
waves set up in the melt, emanating naturally with 
cylindrical symmetry from the center of the figure, 
which resembles now a vibrating liquid surface. The 
boundary of the cylinder is limited to 1425 µm for Fe/Fe 
system. 
 
In order to confirm this process, we take a look at the 
microscopic details of 1-2 rings with the help of an 
AFM operating in the non-contact mode. The non-
contact mode helps in providing information of the 
surface topography in a non-invasive procedure. A 10 
µm × 10 µm picture for Fe/Fe system is presented in 
Fig. 3, taken from near the centre of the explosion 
shown in Fig. 2. The AFM picture shows details of the 
rings. 
 
Fig. 3 reveals that each ring is composed of small 
particles, predominantly circular in shape, whose 
average size is ~ 0.6 – 1 µm. Such circular particles are 
seen over the entire region where the rings are found as 
well as in the immediate vicinity where the rings 
terminate. When investigated under AFM, the reference 
region before explosion does not show such particles. 
 
The formation of these particles is a result of dissipation 
of energy following the needle-plate explosion, whereby 
the molten metal surface has re-crystallized in this form, 
allowing the shock waves to reconfigure the molten 
metal plate. The enhanced surface area (and hence 
formation of interfaces/defects) of the small metal 
particles is a result of the energy released by the shock 
waves, which gets stored in this manner. As this process 
takes place far away from equilibrium, the configuration 
gets frozen in a time scale shorter than the time 

available for the individual particles to coalesce into a 
single mass again. While sizing down of materials as a 
result of shock waves are known, it is also established 
that resolidification of Fe at high pressures and 
temperatures induces pressure-temperature zones in the 
liquid with short range nano-scale local structures12. As 
an outcome of this experiment, we indeed collect 
nanoparticles of Fe in the water medium whose size is 
less than 15 nm as indicated by disappearance of the 
ferromagnetic Mössbauer signal13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We have observed that explosion voltage (keeping tip 
diameter same) does not have any major influence on 
grain size, whereas it scales with tip diameter14.  We 
have recorded the current flowing through the needle-
plate geometry using a storage oscilloscope. We have 
seen that the connect time is larger for the larger 
diameter wire. So, a larger diameter wire dissipates a 
larger amount of energy and hence survives longer. 
Hence it can be easily deduced that the melt survives 
longest in that case. During that time, any small particle 
produced due to the shock waves would coalesce, 
leading to larger particle size. This is a possible 
explanation for scaling of particle size with tip diameter. 
 
4 CONCLUSIONS 
 
Our needle-plate exploding system allows us to 
introduce nonlinearity in a metal plate. The explosion 
transforms the region under consideration to a 
nanostructured surface that arrange due to instabilities 
introduced by the process. The microscopic elements 
themselves are a result of shock wave propagation and 
resolidification of the melt.  
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Fig. 2 Optical micrograph showing results from 
explosions in the needle-plate configuration for 
Fe/Fe systems, wire diameter = 370 µm, voltage 
used = 48V, plate-positive. 

Fig. 3 Atomic force microscopy of Fe/Fe 
systems (plate-positive), wire diameter = 370 
µm, voltage = 48V. This 3D image shows the 
grain formation in the metallic surface. 
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ABSTRACT 
 

                  Multilayers of alumina capped Si nanoparticles were grown at room temperature by off 
axis pulsed laser deposition. The slope of log (hν) vs. log (á) graph shows that for Si multilayer quantum 
dots k selection rule is relaxed. Absorption blue shift of the dots up to 2 eV is observed in the optical 
absorption spectra. . PL emission consists of an intense broad emission extending over visible to UV region 

. 
INTRODUCTION 

                Silicon is an indirect band gap material, which prevents efficient light emission from it. The 
accomplishment of efficient light emission from silicon at room temperature for optoelectronic application 
is one of the main issues in current material research.  The main limitation of Si photonics is the lack of any 
practical Si based light source either efficient light emitting diodes or a laser.  The quantum confinement 
effects in low dimensional Si nanostructures would play essential role in optical absorption and PL process 
[1] .The discovery of efficient light emission in porous Si by Canham and the intense research activity in 
the past decade has made Si as a suitable material for optoelectronic devices [2]. Silicon based 
optoelectronics brings the advantages of faster data transfer and higher integration densities at very low 
cost. On decreasing the size of Si particles band gap increases and electronic states become discrete.  There 
is also a strong possibility of breaking the optical selection rule partially and the band gap become 
psudodirect [4]. In this paper, the growth of Si nanoparticles by off axis pulsed laser ablation techniques is 
discussed. 
 
EXPERIMENTAL DETAILS 
 

                 Multilayers of Si and Al2O3 were grown on optically flat fused quartz  (silica) substrate as 
well as on rough quartz substrate by pulsed laser ablation. High purity silicon target (<100>) and sintered 
pellet of Al2O3 were used as targets for ablation. The deposition was carried out using a Q-switched Nd: 
YAG laser with a fluence of 4x 10-6 J/m2 at 532nm, 9ns pulse width, 10hz repetition frequency .The Target 
was rotated with constant speed to ensure uniform ablation .The substrates were kept at target to substrate 
distance 5mm and 3cm off axis with respect to laser plume (figure 1).  

 
 
 
 
 
 
 
 
 

    
 
 Figure 1:Schematic diagram of off axis pulsed laser deposition set up 
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                Deposition chamber was initially evacuated to a base pressure of 5x10-6mbar and 
deposition was done at room temperature. The ablation time of Al2O3was fixed as one minute while for 
sample A Si was deposited for 2 minutes ,for sample B it is 4 minutes and six minutes for sample C. The 
first layer grown was Al2O3 and Al2O3 also acting as capping layer for Si nanoparticles. In this way 4 layers 
of Al2O3 and 3 layers of Si were coated alternatively. At the time of deposition the growth occurs in its 
isolated islands, which constitute the quantum layers. Optical absorption spectra were recorded using a UV-
VIS-NIR spectrophotometer (Hitachi U 3410) in the spectral range of 200 – 800 nm. For Transmission 
Electron Microscope (TEM) studies the film was deposited on Teepol coated quartz substrate. The Teepol 
was subsequently dissolved in water to float silicon nanoparticles, which was picked up on a copper grid 
for mounting in the TEM system. The nano structure of films was examined by a HITACHI H – 600 TEM 
operated at 75 KV The PL measurements were recorded by JobinYvon Spectro flurometer (Flurolog III) 

 
DISCUSSION 

 

                                                   
Fig: (2) TEM picture for Si nano particles grown by off-axis PLD. Height 30mm and   substarte to target distance 5 mm 
for the multi layer structure  2 minutes 3 layers .   

              The nanoscale structure of as deposited films were examined by TEM observations . Fig 2 
(a)  shows TEM images for multilayer structure of Si quantum dots prepared by a off axis distance of 5 mm 
.The quantum dots are uniformly dispersed in films and to have a spherical or occasionally ellipsoidal 
shape. For a substrate to target distance of 5 mm the average particle size is found to be 3 nm  During the 
ablation of Si large crystals are formed in the center of the plasma plume, while smaller particles formed 
near the edge of the plasma. The larger nano-crystals are formed on the substrate kept at the center of the 
plume. In the present study, all the samples were deposited with substrate kept in the off axis geometry 

          The absorption coefficient (α) was determined from the transmittance vs. wavelength (ë) traces 
recorded in the region ë = 200–800 nm. The absorption coefficient (α) may be written as, αhν = A (hν– 
Egi)

m where Egi is the band gap corresponding to a particular transition occurring in the film and m 
characterizes the nature of transition [5].The value of m may be 1/2, 2, 3/2 and 3 corresponding to the 
allowed direct, allowed indirect, forbidden direct and forbidden indirect transitions, respectively [6]. For 
allowed forbidden transitions, the bandgap can be obtained from extrapolation of the straight-line portion of 
the   (αhν)2/3 vs. hν, plot to α = 0.  
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Figure 2: Plot of log (hν) vs. log (α) for a) sample A , b) sample B , c ) sample C . 
 



             Figure 2 shows the graph of log (hν) vs. log (á). The band gaps were determined from the 
plot (αhν)m vs. hν   by extrapolating the linear position near the onset of absorption to the energy axis .The 
intercept gives the gap energy ‘Eg’ and the exponent ‘m’ that yields the best straight line gives the 
information about the nature of optical band gap [8].For sample A  ,the best straight line was obtained for 
m =1.47 expected for forbidden direct transition .But for sample B and C the value of m is found to be 2.04 
and 2.17 respectively ., expected for forbidden transitions .  
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Figure: 3a The plot of   hν vs. (αhν)2/3                             Figure 3b :   Plot of hv vs (αhν)1/2  for  

 for sample A                                                                        a) sample B,  b )  sample C  . 
             Figure 3a &3b  shows the plot of hν vs. αhν for the Si/Al2O3 nanostructures .  Estimates of 

the bandgap of the Si/Al2O3multilayer nanostructures were obtained by plotting the absorption coefficient 
(α) as a function of frequency . The bandgap is found to be 1.92 eV, 1.88 eV  and 1.78 eV for sample A, B 
and C respectively . It has been observed that the bandgap value increases as the ablation time of silicon is 
reduced which can be attributed to quantum confinement effect.  
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Figure 5 : Photoluminescence Spectra of  the  samples a)  sample A , b) sample B , c) sample C        
 

            Fig 4 shows the photoluminescence spectra of the samples. From the figure it can be 
observed that luminescence intensity increases as the deposition time of silicon layer decreases . Also 
there is  an in increase in the peak energy as the deposition time of Si layer decreases   . The 
luminescence bands are disposed in the visible  spectral range and their peak energy for sample A is  2.89 
eV , for sample B it is 2.98 eV, and 3.06 eV for sample C much higher than the optical band gap of bulk 
silicon ~1.11 eV. In the present case The films were produced by depositing the nanoparticle Si  in an  
oxygen free environment , oxygen molecule penetrate in to films  and SiO2 layer is formed on the surface 
of individual nanoparticle silicon after film is exposed to air. Oxidation introduces Si-SiO2 interface or 
defects in oxide layer  .Si  – SiO2 composites is an essential factor to understand their emission 
mechanism. Oxidation helps the formation of radiative states in an interfacial region between the silicon 
oxide layer and silicon core. Oxygen atoms critically modify the electronic structure of Si nanostructurs.  



The interface region is assumed to have energy gap wider than that of Si core. So after the absorption of 
photon energy, the carriers are trapped in the Si=O bond and the PL results due to the transition from this 
level to ground state[9]. Reports shows that ground state energy varies with energy level of valence band . 
As the multilayer structure changes there may be a change in the oxidation state and which may change 
the ground state energy .  

 
CONCLUSIONS 
 
                         Si nanoparticles were synthesized by off axis laser ablation. Studied the optical absorption 
of multilayer of silicon nanoparticles coated on smooth and roughed quartz.  The TEM observations show 
the presence of nanoparticles of silicon. A blue shift of the absorption edge is observed for thinner Si films 
.This is due to the quantum confinement effect in silicon nanoparticles. From the absorption spectra it could 
be observed that the nature of transition depends on the nature the structure of multilayer .  .The 
synthesized   films exhibit PL peak around near UV - Visible region .  We conclude that luminescence does 
not originate from localized states in gap but from extended states.  
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ABSTRACT 
 
Nanostructured ZnS crystals of size   �  2  nm have been prepared using chemical route technique. The reaction was 
carried out in nitrogen atmosphere. The pH of the reaction bath is maintained at 9.8. Mercaptoethanol has been used as 
capping material. The crystalline precipitate of ZnS is deposited on quartz substrates. Optical absorption of ZnS crystals 
prepared with mercaptoethanol of different molarities shows blue shift with increasing molarities. Band gaps of ZnS 
crystals measured from the optical absorption shows to vary from 3.44 to 4.0 eV. The absorbance spectra of ZnS films 
shows red shift when the crystal is annealed. The band gap of the ZnS crystal prepared with mercapto- ethanol 0.05 M 
decreases from 4.0 eV to 3.2 eV when it is annealed upto 3000C. ZnS crystal before and after irradiation by γ - rays 

shows no thermoluminescence  (TL) response.
 
1.  Introduction 
 
The novel properties and potential applications in 
different areas of interest have attracted many workers 
to prepare and characterise such particles. Among such 
particles nanostructured direct gap semiconductors 
belonging to group II-VI have been extensively studied 
as they are relatively easier to prepare. ZnS is one of 
the most studied II-VI semiconductors1-4. Use of 
NH4OH as a complexing agent has been reported by 
workers5-7 to ensure the slow release of Zn2+ ions from 
the zinc complex Zn[(NH3)4]

2+. Addition of  NH4OH 
also helps to control the pH at a desired value. Optical 
absorbance spectra of thin films deposited on glass or 
quartz substrates are used to find the band gap of the 
direct gap semiconductors2,6. In this paper we present 
the preparation and characterisation of nanostructured 
ZnS crystals. Inorganic precursors ZnCl2, Na2S are 
used for the reaction and mercaptoethanol (C2H5OH) 
has been used as cappants. The size of the ZnS crystals 
prepared with 0.05M of C2H5OH is found to be nearly 
2 nm. ZnS thin films is deposited on quartz substrate 
by chemical bath deposition (CBD) techniques2-8. 
Optical absorbance spectra of ZnS thin films has been 
measured. The optical absorbance peaks of the ZnS 
with larger molarity of capping materials are found to 
show blue shift. Band gaps of ZnS crystals prepared 
with different molarities of  C2H5OH have been found 
to increase from 3.4 eV to 3.88 eV when the molarities 
of C2H5OH increases from 0.001 M to 0.05 M. We also 
report the decrease in band gap when the ZnS film is 
annealed. The effect of addition of ammonia in CBD 
on the absorbance of ZnS is presented. 
 
Experimental details 
 
Co precipitation reaction reported by S. Q. Qu et al1 
has been modified with the addition of NH3OH for the 
slow release of Zn2+ ions and the control of pH. To 100 
ml of freshly prepared 0.1M ZnCl2 (GR, Merck) is 
added liquor ammonia (30% GR, Merck). The solution 
becomes turbid initially. However on addition of an 
excess amount of liquor ammonia the turbidity 

disappears and the solution once again becomes clear 
as before showing the formation of the Zn Complex 
[Zn(NH3)4]

2+ . The capping material C2H5OH (GR, 
Merk) of varying molarities (0.01 and  0.05M) is then  
added drop wise. To this mixture is added 100 ml of 
0.1 M Na2S (AnalaR, Merck) at the rate 1 ml per 
minute under nitrogen atmosphere with constant 
stirring. The reaction is carried out at constant pH of 
9.7. The reaction mixture is washed with distilled water 
several times to remove any unreacted Na2S in the 
mixture. The reaction mixture is transferred in a beaker 
and heated at 700C.  For the deposition of ZnS thin 
films on quartz substrates, cleaning of the substrate is 
important. Quartz slide is first treated with hot chromic 
acid for 10 minutes. The substrate is then cleaned with 
detergent Exalin (Merck). It is then finally cleaned 
with ultrasonic cleaner using distilled water for 20 
minutes and dried. The substrate is then mounted 
vertically in the reaction mixture kept thermostated at 
700C and the mixture is stirred constantly for 10 
minutes whereby initial deposition of ZnS is obtained. 
Subsequent deposition of film is carried out at room 
temperature at 250C.  The as-deposited and annealed 
thin films of ZnS have been characterised by UV-
Visible Spectrophotometer (Systronics-2202). The 
precipitates of ZnS is then centrifuged and extracted 
finally with methanol. The samples are air dried at 
1000C. The size of the sample is estimated using x-ray 
diffraction (XRD) using a diffractometer (Phillips). 
The thermoluminescence (TL) has been recorded with 
TL recorder (RCA931A) 
 
Results and Discussions 
 
The absorbance spectra of samples deposited on quartz 
substrates are shown in Fig 1. The blue shift of the 
interband absorbance when the molarity of the cappant 
mercapto ethanol increases from 0.01 M to 0.05 M is 
observed. The precipitates of ZnS prepared with 
mercapto ethanol 0.05 M is centrifuged at 4000 r.p.m. 
and extracted with methanol. The extract is then air 
dried. The full width β at half maximum of the (111) 



peak is measured with an x-ray diffractometer 
(Phillips).  
 

 

 
Fig 1. Absorbance spectra of ZnS thin films. a correspond to 
samples prepared without cappant. b and c correspond to 
crystals prepared with mercaptoethanol 0.01 M and 0.05 M 
respectively. 
 

Assuming the particles are stress free the 
average grain size of the particle can be estimated from 
a single diffraction peak using Scherrer’s equation9 

 

θβ
λ

cos

9.0
=D               (1) 

where D  is the average grain size of the crystallite, λ , 
the incident wavelength, θ , the Bragg angle and β , 

the diffracted full width at half maximum. The average 
grain size is found to be   � 1.8 nm. 

 The band gaps of the nano stuctured ZnS 
crystals have been measured from the absorbance 
spectra shown in Fig 1 using the relation10  

  ( ) ( )gn EhAh −= ννα
1

             (2) 

where α  is the absorption coefficient and νh  is the 
photon energy. A  is a constant, gE is the band gap of 

the material. The exponent 
2

1
=n  for direct allowed 

transitions. Fig 2 shows the plot of  ( )2ναth  vs νh . 
Where t is the thickness of the film. 
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Fig 2 Plot of ( )2ναth  vs νh  of ZnS . (a) prepared without  
mercaptoethanol. (b) and (c) prepared with mercaptoethanol 
0.01M and 0.05 M respectively. 

 The linear portion of the plot of ( )2ναth  vs 
νh of ZnS in the region of strong absorption has been 

extrapolated to get the intercept on the νh  axis which 
gives the value of the band gap. The band gaps of ZnS 
increases from 3.4 to 4.0 eV. The increase in the value 
of the band gap is due to the decrease in the size of the 
crystal. The band gap of 3.4 eV is a below the reported 
values 3.6 eV  for the ZnS (bulk). However, it is higher 
than the value 3.2 eV as reported by Kortan et al11.  

 The absorbance spectra of thin films on 
annealing exhibits strong red shift due to sintering of 
nano crystallites into effectively larger crystallites8. Fig 
3 shows the red shift of the absorbance spectra of ZnS 
prepared with mercapto-ethanol 0.05M and deposited 
on quartz substrates on annealing.  

0.1

0.2

0.3

0.4

0.5

0.6

200 300 400 500

 

Fig 3. Absorbance spectra of ZnS prepared with mercapto-
ethanol 0.05M showing the red shift on annealing. a, b, and c 
correspond to as-deposited, annealed at 2000C and 3000C 
respectively. 

 The decrease in the band gap of the as- 
deposited, annealed ZnS crystals are shown in the Fig 4 
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Fig 4 Plot of ( )2ναth  vs νh  of ZnS prepared with 
mercaptoethanol 0.05 M. (a) – as-deposited, b and c 
correspond to ZnS films annealed at 2000C and 3000C 
respectively. 

 The band gap of the ZnS films have been 
calculated by extrapolating the linear portion where 
strong absorption takes place and finding the intercept 
of the straight line on the νh  axis. The band gaps are 
found to be 4.0 eV, 3.7 eV and 3.2 eV. The value of 
band gap for the ZnS crystal when it is annealed at 
3000C agrees well with the value mentioned by A. R. 
Kortan et al 11.   
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 The use NH3 as complexing agent for the 
good quality deposition of ZnS thin films by Chemical 
bath deposition (CBD) on quartz substrate has been 
analytically explained by Oladeji and Chow7. The CDB 
mechanism leading to a uniform nucleation and growth 
of thin films has been explained as due to the 
preferential adsorption of Zn2+ and S2- on the substrate 
by A. Antony et al5. In order to see the difference on 
the absorption spectra of ZnS thin films prepared with 
and without ammonia we have prepared ZnS with and 
without liquor ammonia and mercapto ethanol 
(0.05M). Fig 5 shows the absorption spectra of these 
two films. The substrates were kept for 20 minutes in  
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Fig 5. Absorption spectra of ZnS prepared with 
mercaptoethanol (0.05M)—(a) without NH3OH and (b)—
with NH3OH 

the reaction mixture separately obtained with and 
without ammonia. The absorbance of the film 
deposited using ammonia is found to be stronger than 
the one deposited without ammonia. Thus optimisation 
of the CBD using ammonia is obtained in agreement 
with reports of Antony et al5  and Oladeji and Chow7. 
The band gaps of these two samples have also been 
estimated and are found to lie very close to 4.0 eV. The 
band gap of the sample obtained with ammonia is 
found to be a little below that of the sample obtained 
without ammonia but the difference is in hundredth 
place of an eV and is not appreciable. The small 
decrease may be attributed to the increase in size due to 
the non formation of [Zn(NH3)4]

2+ complex and 
homogeneous precipitation of ZnS. 

W. Chen et al4 reported TL response curves of 
ZnS without any irradiation before measurement. The 
TL response has been attributed to the traps and 
carriers which are produced during the sample 
processing as the particle size becomes small and ions 
at the surface increase rapidly giving rise to the 
existence long wavelength peak in the optical 
absorption spectrum of  ZnS quantum dots. N.  
Kumbhjkar et al 3 could not observe such red shifted 
peak in the absorption spectrum. Attempts have been 
made to record the TL glow curves of the  ZnS 
crystallites both before and after irradiation by γ - 

rays. No TL response could be observed.  

Conclusion 

Nanostructured  ZnS crystals have been prepared using 
mercaptoethanol as cappants. The crystals have been 
deposited on quartz substrates by chemical bath 
deposition method. The optical absorbance spectra of 

films prepared with larger molarity shows blue shift. 
The band gap of ZnS lies in the range 3.4 – 4.0 eV. The 
absorbance spectra of ZnS thin films shows red shift on 
annealing. Optimisation of CBD using ammonia  is 
obtained.Irradiated and un irradiated nano structured 
ZnS quantum dots could not show TL response. 
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Abstract 

 
Nanocrystalline tin oxide particles have been prepared using the hydrothermal synthesis route from an aqueous solution 
in presence of surfactants (AOT and CTAB). Nanoparticles were examined using XRD, TEM for their particle size and 
morphology.  A rod like structure for SnO2 powder prepared under hydrothermal conditions converted to spherical 
shape in presence of surfactants. Sensitivity of the nanocrystalline tin oxide for LPG, CNG, ethanol and CO gases is 
primarily investigated. The gas sensitivity for LPG and Ethanol gas showed a drastic enhancement for hydrothermal 
treatment in presence of AOT surfactant at 180°C. 
 
 
1 Introduction 
 
Tin oxide is an n-type semiconductor oxide with a wide 
energy gap (Eg=3.62 eV at 300K) and has been widely 
used as a catalyst for oxidation of organic compounds 
and as a gas sensor [1,2]. The gas sensitivity of tin oxide 
is related to its surface property. The sensitivity begins 
to increase sharply as crystallite size decreases below a 
critical value (~6nm), which is equal to twice the 
thickness of the Schottky barrier penetrating into the tin 
oxide grains [3,4]. It has been reported recently that 
hydrothermal treatment enhances the thermal stability 
and gas sensitivity of tin oxide [5-7]. In general, this 
process operates in a closed system at high autogeneous 
pressure. One of the benefits using this process is that 
the synthesis temperature can be reduced and finer 
particles produced are relatively monodispersed. Our 
efforts on SnO2 powder preparation by hydrothermal 
synthesis have demonstrated that presence of nitrogen 
atmosphere during hydrothermal route produces 
nanosized rod - like material with high aspect ratio [8]. 
An improved gas sensitivity was observed after 
surfactant addition during SnO2 powder fabrication by a 
co-precipitation route [9,10]. 
In the present work, we have investigated the effect of 
CTAB and AOT surfactants on the SnO2 powder 
characteristics prepared under hydrothermal conditions. 
The results showed that presence of surfactant had a 
large change in particle growth, a reduction in the 
particle size as well as change in particle shape from rod 
to spherical shape was achieved. The gas sensitivity 
measurements were carried out for LPG, CNG, ethanol 
and CO gases.  

 
2. Experimental 
 
Three nanosized SnO2 powders were prepared by 
hydrothermal treatment. Hydrous tin chloride 
(SnCl4.5H2O) was used as a starting material for 
preparing the tin oxide nanocrystalline powder. For the  
first batch, 0.1mol SnCl4.5H2O was dissolved in 
deionized water (DI) and pH was adjusted to ~7 using 
liquid ammonia diluted with water. The resulting 

precipitate was washed several times with ammonium 
nitrate solution till no chlorine ion is detected in silver 
nitrate test. The precipitate was filtered and peptized in 
ammonia - added water (pH ~10). This peptized 
solution was heated in an autoclave at 1800C for 4 hours 
under nitrogen pressure (40 atm). For batch II, CTAB 
(Cetyl trimethyl ammonium bromide) and for batch III, 
AOT (Dioctyl sodium sulfosuccinate) surfactants were 
added to the peptized solution before hydrothermal 
heating. 1gm surfactant was added for 50 ml water. 
After hydrothermal heating, the liquid (gel) was dried to 
obtain a powder, which was then calcined at 600°C for 3 
hours. Powders were characterized by X-ray powder 
diffraction (XRD) in 2è range from 20 to 70º using 
CuKá radiation (ë=1.5418Å). The morphologies and 
dimensions of the powders were observed by 
transmission electron microscopy (TEM) JEOL model -
200cx. Thick films sensors were prepared by screen-
printing technique, and tested for their gas sensitivity at 
various temperatures and concentrations. The details of 
sensor fabrication and measurement technique have 
been reported earlier [9,10]. 

 
3. Results and Discussions 

 
Fig 1 shows the XRD patterns of the tin oxide powders 
calcined at 600°C for 3 hours with or without presence 
of surfactants (CTAB or AOT) after a hydrothermal 
treatment for 4 hours at 180°C. The XRD diffraction 
peaks are present at nearly the same positions in all 
samples. Main peaks belong to (110), (101), (200), 
(211) and (220) planes of the tetragonal SnO2 phase and 
were indexed accordingly. The particle size of these 
powders was calculated from XRD results using 
Scherrer equation 

                       d =
θβ

λ
cos

K  

Where d is the mean crystallite diameter, ë the X-ray 
wavelength (1.5418Å), K the Sherrer constant (0.89) 
and â the full width at half maximum (FWHM) of the 
diffraction line. The largest crystallite size of 12 nm was 
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obtained for batch I powder. Crystallite sizes for batch II 
and III are 9 nm and 7 nm respectively. The variation in 
the average grain size as a function of different 
surfactants is clearly reflected in XRD pattern shown in 
Figure 1, where a line broadening was observed for 
surfactant - added batches II and III, with a larger 
widening after AOT addition (Batch III). Anionic 
surfactant AOT reduced crystallite size more as 
compared to cationic surfactant CTAB addition. 
 
 

 
 
Fig.1 XRD pattern for SnO2 powder (a) without 
surfactant (b) with CTAB (c) with AOT . 
 
TEM micrographs (Fig. 2) show the particle size and 
shape morphology of powders after calcination. 
Undoubtedly, the surfactant plays an important role on 
the formation of the precursor and subsequent tin oxide 
grain growth as evident from the TEM micrographs for 
these three SnO2 batches prepared under similar 
conditions. Fig 2 (a) shows the microstructure of 
hydrothermally treated powder at 180°C without 
surfactant addition, showing a rod/ plate like 
morphology. The length and aspect ration of the SnO2 
nanorods are about 5. The grain morphology after 
surfactant addition changes from rod to sphere shape as 
observed in figure 2 (b and c). The grains (particles) 
were non agglomerated or loosely agglomerated having 
a grain size of about 10 to 15 nm. The AOT - added 
powder shows a decreased grain size as compared to 
CTAB added powder, similar to the observation in XRD 
patterns shown in Fig.1. From the above results on XRD 
and TEM investigations, it appears that the presence of 
an anionic surfactant like AOT is more effective in grain 
size reduction as compared to a cationic surfactant like 
CTAB. 
  Gas sensitivity measurements were carried out in a 
homemade testing chamber. Measurements were carried 
out at different temperatures for 1000 ppm LPG, 6000 
ppm CNG, 100 ppm ethanol and 50 ppm  CO gas 
concentration. Commercially available CNG 
(compressed natural gas), LPG (liquefied petroleum 

 
 
 
 
 
 
 
 
 
 

 

 

 

  

                             
 
 
 
 
 
Fig 2: TEM microstrucure of Tin oxide powders Batch I 
(a) Batch II(b) and batch III(c)  
 
gas) cylinders were used for testing. The sensors were 
operated at various temperatures from 250 to 450°C to 
analyze the effect of working temperature on their 
response. As shown in Fig 3 (a-d), the operating 
temperature has a major influence on the sensitivity of 
sensors, with in general a sensitivity increase with 
increasing temperature, and after reaching at a 
temperature Tmax, sensitivity decreases with 
temperature. 

The LPG gas sensitivity (maximum) increased 
from about 350 to 700 after AOT addition. Similar 
enhancement in gas sensitivity was observed for ethanol 
and CO gas. The sensitivity showed a decrease on 
CTAB addition for these gases. On the other hand, 
CTAB addition increased the CNG gas sensitivity from 
1.6 to 2.4 for CTAB - added powder. The increased gas 
sensitivity after AOT addition may be correlated to the 
decreased crystallite size from XRD and TEM results.   
The surfactant addition during powder synthesis 
provides favorable sites for the growth of the particulate 
assemblies and influences the formation process such as 
nucleation, coagulation and flocculation. It appears that 
surfactants CTAB, AOT are adsorbed over the 
nanocrystalline grains, and restrict the particle growth. 
The grain growth during hydrothermal synthesis without 
surfactant presence had caused rod like grain  
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Fig 3 Gas sensitivity for (a) LPG gas (1000 ppm)  (b) 
CNG gas (6000ppm) (c ) Ethanol (100ppm) and (d) CO 
gas (50 ppm)  

morphology. The presence of surfactant caused an 
overlayer on the    nucleated     crystallites, due to which 
ions have to diffuse through a layer of surfactant for  
grain growth. This caused a restricted grain growth, due 
to which a spherical grain morphology with decreased 
grain size is observed. Recent results on the effect of 
surfactant have shown the formation of mesoporous tin 
oxide under certain favorable conditions [13]. So far, we 
were are not able to test whether AOT presence during 
SnO2 synthesis in present preparation technique have 
resulted in mesoporous SnO2 formation or not. Still, the   
enhancement in LPG, CO and ethanol gas sensitivity 
observed with AOT surfactant addition is quite 
interesting for gas sensor fabrication. 
  
Conclusion  
The gas sensing properties of hydrothermally 
synthesized SnO2 in presence of CTAB and AOT were 
investigated. A change in grain morphology from rod to 
spherical grains is observed for surfactant - added 
powders. The gas sensitivity for AOT surfactant - added 
powder material showed drastic improvement for LPG, 
ethanol and CO gas.  CTAB addition showed 
improvement in CNG gas sensitivity.  
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ABSTRACT 
 
We report preparation of nano ZnO-PMMA composite thin films. The flexible freestanding films are prepared by tape 
casting technique. We could achieve uniform distribution of nano ZnO in the matrix by proper optimization of the 
colloidal processing steps. The films exhibit strong uv absorption as expected. These films can find application as UV 
protection films and as a possible random laser medium. 
 
1 INTRODUCTION 
 
Nanoparticles embedded in a polymer matrix is 
considered very attractive for photonic applications 
since they combine the attractive features of quantum 
dots with the flexibility and ease of handling of 
polymers. ZnO-polymer films find commercial 
application as UV protection films for plastics and 
lacquers. They have the advantages of high stability and 
transparency. Also, there will be no leaching. They 
increases lifetime of plastics especially in outdoor 
applications. 

Besides the commercial applications, much 
research work is also being done on ZnO-Polymer 
composite films. Glen C.Irvin of Eastman Kodak Co. 
(USA)1 report their investigations on the optical 
properties of nano-scale zinc oxide/PMMA composites. 
Their films were produced by spin coating and cast 
coating dispersions of nanoparticle/PMMAorganic 
solutions. Besides the UV filtering, when the films were 
loaded with a high content of such semiconductor 
nanoparticles, the surface resistivity decreased enough 

for the coatings to be used for antistatic applications. 
Vollath et al2 report that nanocomposites, consisting of 
an electrically insulating oxide core and PMMA coating 
exhibit strong luminescence. When the dispersed ZnO 
particles are of a few nm in size, this composite film can 
act as an effective random lasing medium too.3  

Conventional methods to produce polymer 
ceramic composites are solvent casting, spin coating and 
hot press technique. We have used tape casting 
technique. Tape casting is a popular method to produce 
uniform green sheets of ceramics, commonly used to 
make various multilayer devices.4,5 It involves the 
dispersion of ceramic powders in a liquid medium using 
a proper dispersant followed by the addition of organic 
binders and plastisizers. The binder imparts strength to 
the tape and the plastisizers give flexibility. Commonly 
used binders are PVA, PVB, PMMA , PEO etc. Glycols, 
Phthalates and glycerine are some of the widely used 
plastisizers. The slurry containing all these ingredients 
in the optimized ratio is roll-milled for hours to ensure 
uniform distribution and then poured onto the glass plate 
of the tape-casting machine. The blade moves over it at 
fixed speed, spreading it into a film of uniform thickness 
determined by the blade-glass plate gap. After an hour 
of drying, the tape can be readily released. Average 
thickness of the films is 40µm. 

2 EXPERIMENTAL DETAILS 
 
2.1 Nano ZnO Synthesis 
 

Nano ZnO was prepared by polyol synthesis 
method.6Desired molar concentrations of Zinc acetate 
dihydrate(ZnAc)was dissolved in diethylene glycol 
(DEG) by constant stirring and heating to 120oC. After 
complete dissolution of the salt, stirring was stopped 
and the solution is slowly heated to 160oC. Around 150-
160oC, ZnO precipitated and a milky white colloidal 
suspension was formed. An aging time of 15 minutes 
was given to obtain high yield. The size of the particles 
and hence stability of the colloidal suspension depended 
both on ZnAc concentration and rate of heating. TEM of 
the extracted ZnO powder showed the size to be in the 
range of 20nm (Fig.1). 
         

     
 
Fig.1  TEM of nano ZnO 
 
 2.2 Tape casting of  PMMA-ZnO 
 
One of the main challenges in making polymer 
composite films is getting uniform distribution of the 
powder. Introduction of powder as such introduced 
agglomeration. Hence we chose not to extract the 
powder from the DEG medium. Instead, the stable 
colloid itself was mixed with PMMA solution. This also 
has the advantage that no dispersant was needed. The 
PMMA solution was prepared by dissolving 20wt% of 
PMMA  (MW 1200) in methyl ethyl ketone (MEK) 
medium by roll milling for 4 hours. Since the synthesis 
medium, DEG, itself was a known plastisizer and the 
polymer PMMA was a known plastisizer, this mixture 
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readily constituted a suitable tape casting slurry, which 
could be casted to obtain flexible transparent films. 
Fig.2 gives the process flow chart. 
 
 
 
 
     Heating rate       4�/min          
 
 

            
       160�C    Roll milling 

                              
 

Drying 
 
 
 
 
Fig.2. Process flow chart 
 
3 OPTICAL CHARACTERIZATION 
 
Absorption spectra of ZnO colloid and ZnO–PMMA 
films are measured using the spectrophotometer JascoV-
570(UV/Vis/IR) 
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Fig.3. Absorption spectrum of nano ZnO colloid 
 

Fig.3 shows the absorption spectrum of ZnO 
colloid in diethylene glycol medium. We can observe 
the characteristic blue shift of the optical band gap 
associated with nanocrystals. This is due to quantum 
confinement effects and this shift can be utilized to 
calculate the size of the crystals.7  

Fig.4 shows the absorption spectra of  PMMA-
ZnO films. We can see that the selective optical filtering 
property of the films. They effectively block UV light 
while allowing the visible light to pass through. The 
ZnO filter can evenly block UVA and UVB range, 
which is its advantage over other UV filters, not to 
mention its excellent stability. The filtering 
characteristics of the film can be controlled by varying 

The ZnO content in PMMA.  

250 300 350 400 450 500 550 600 650 700

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

In
te

n
si

ty
 (

A
.U

)

Wavelength nm

 PMMA alone
 PMMA+10 vol% ZnO
 PMMA+20 vol% ZnO

 
Fig.4. Absorption spectra of PMMA-ZnO films with different 
soild loading 
 
4 CONCLUSIONS 
 

We can see that tape casting is an effective method to 
produce uniform PMMA-ZnO composite films. The 
films are flexible and free standing. They exhibit 
excellent UV filtering properties and may find many 
other photonic applications such as random lasers. The 
filtering characteristics can be maintained by varying 
ZnO content  in PMMA. 
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Abstract 

Nano fibers of polymer composites can be prepared easily by the technique of 
electrospinning. The fibers prepared by this method are found to be superior in several 
applications compared to the films obtained from normal spin casting. One of the reasons is 
the large surface area to volume ratio in the case of the nano fibers. The conducting polymers 
like polyaniline, polypyrole etc., are difficult to form fibers on their own by electrospinning. 
Hence they are usually combined with other insulating polymers like poly 
(methylmethacrylate) (PMMA), polystyrene (PS), polyethyleneoxide (PEO) etc., thus 
forming conducting composites. 

                In the present work nano fibers of conducting composites of PANI-PMMA, with 
different weight percentages are prepared and characterized using XRD, SEM, etc. Their dc 
and ac conductivities are measured and the results are discussed. 
 
 
INTRODUCTION 
 
Conducting polymers have become the focus of 
research in material science in many laboratories. 
Among the different conducting polymers, 
polyaniline has received greater attention due to its 
favorable economics, easy synthesis, and 
environmental stability. This growing interest in 
Polyaniline is due to its electrical conductivity and 
its usage in electrical devices. Usually polymer 
based electrical devices like sensors [1] and 
electrodes [2] are manufactured in thin film or in 
bulk forms. In recent times attention is focused on 
to develop such devices using ultra fine and nano 
fibers. These fibers have many advantages over the 
thin films and they are useful in microelectronics 
[3], sensors [4], and electrodes for batteries [5]. 
The usage of the nano fibers are also more in high 
performance filters, and scaffolds in tissue 
engineering [6]. Ultra fine fibers can be obtained 
by several techniques like electrospinning [7], 
drawing [8], template synthesis [9], phase 
separation [10], self-assembly [11], etc. 
Electrospinning is one such simple and inexpensive 
technique to produce polymer nano fibers.  

In the electro spinning process a very high electric 
field is applied between the Polymer solution 
(which is in the plastic syringe with fine needle tip) 
and a metallic collecting drum (which is connected 
to ground).  As the electric field increases the 

droplet formed at the tip of the needle elongates to 
form a conical shape known as the Taylor cone. At 
the critical field the electric field dominates the 
surface tension and a charged jet is ejected from tip 
of the cone and travels through air towards the 
counter-collecting electrode. During this stage, the 
solvent gets evaporate and the different polymer 
strands formed, all charged alike repel each other 
and hence the jet “splays” which means the jet splits 
into several smaller jets. Ultimately, on the 
collecting electrode we observe a large quantity of 
random coils of nano fibers.  

 Different polymer fibers have different 
conductivities. Mixing some filler materials like 
ceramics, metal particles etc. can vary the 
conductivity. The polyaniline alone could not get the 
fibers. Hence the Polyaniline (PANI) is doped with 
Hydrochloric acid (HCl). This conducting PANI is 
mixed with a definite weight percentage of 
Polymethlymethacrylate (PMMA) to get the 
composite fibers. 

Present paper reports the preparation of such PANI 
(HCl)-PMMA composite fibers by electrospinning 
and the electrical conductivity studies of these 
fibers. The concentration of HCl doped PANI in 
PMMA is varied from 5%, 10%, 15%, 20%(w/w) 
which are shown in figures 1(a) to (d). We can also 
see the fiber diameter is varying with increasing 
concentrations. 

 



 
EXPERIMENTAL 
 
 Preparation Of Polymer 
 
Ammonium per sulphate (0.1 mole aqueous 
solutions in protonic acid) is added drop -wise to a 
stirred solution of 0.1mole aniline dissolved in 1 
mole of aqueous solution of protonic acid 
precooled to 4 oC. Ammonium persulphate is added 
very slowly to prevent the warming of the solution. 
After completion of the addition, stirring is 
continued for 2-4 hours to ensure completion of the 
reaction. 

The time of initial coloration on mixing of 
reactants depends upon the temperature and 
protonic acid used.  When HCl is used as protonic 
acid, the coloration of solution occurs almost after 
1 minute at room temperature and around 1-5oC it 
is 3 – 5 min. The sequence of coloration is light 
blue →  blue green →  Coppery tint →  green 
Precipitate. The precipitated salt is filtered and 
washed repeatedly with distilled water containing 
acid until the filtrate is colorless and finally with 
methyl alcohol. The green Emeraldine salt thus 
obtained is dried under vacuum. The yield of the 
product Polyaniline (PANI) is found to be ~ 95% 
the polymerization method has been extended to 
bench scale to prepare a minimum quantity of 100-
150 g per batch. 
The concentration of PANI (HCl) is varied from 5 
% to 20%(w/w) in PMMA and the characterization 
is carried out. 

Electro spinning process   

In the electro spinning experimental setup we have 
used a high voltage power supply (0 to 5 kV). The 
5ml disposable syringes with the needle diameters 
Less than 1mm are used (Dispovan India). Positive 
terminal of the high electric field is connected to 
the polymer solution, by introducing a very thin 
copper wire (40 SWG) into the syringe. The 
collecting drum is placed 3.5cm away from the tip 
of the needle. Aluminum foil is wrapped around the 
collecting drum. This is connected the ground 
which is the counter electrode. The drum can be 
rotated at high speed (3000 rpm) using a DC motor. 

PANI (HCl)/PMMA Polymer solution is prepared 
and gently poured in to the syringe. This is used 
for the preparing of the fibers by electrospinning. 

RESULTS & DISCUSSIONS 

The SEM pictures of the fibers obtained 
are shown in figures 1(a) to (d). We can observe 
large number of fibers, which are very long and 
almost aligned. Their diameters are in the range of a 
few micrometers. They are not in nano scale. The 
reason can be because of low voltage like 5 kV. If 
we increase the voltage and also the distance we 
may get nanofibers. From the figures we can see 
that the fiber diameters are approximately 10µm 

and the fiber diameter also varying with the 
concentration. 

 
 

 
  
      
 
  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 SEM images for  

(a) 5% of PANI (HCl) 

(b)  10% of PANI (HCl) 

(c)  15% of PANI (HCl) 

(d)  20% of PANI (HCl) in PMMA. 

IMPEDANCE MEASUREMENTS 

              We prepared the fibers on silver electrodes. 
These electrodes are being used for impedance 
measurements. The AC impedance measurements are 
carried out for these fibers using 4192A LF 
Impedance Analyzer in the frequency range of 5HZ 
to 13MHz. The results are plotted in a graph between 
real part of the impedance (Z’) Vs imaginary part of 
the impedance (Z”) [See Fig 2]. And the frequency 
Vs capacitance plots for various concentrations (5%, 
10%, 15%, 20%) are also shown in figure 3. The 
impedance plots do not show the usual semi-circle. 



We may need to obtain additional data at lower 
frequencies. The ac resistance is generally contains 
contributions from to electrode effects, grain and 
grain boundary. The contributions can be separated 
only if the relaxation times are very different due to 
each of these contributions. Further investigations 
are in progress. The capacitance is in Pico range and 
slightly increases and then decreases with 
concentration of PANI. They tend to fall at high 
frequencies. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From figure 4 we can say that the capacitance 
is initially increasing and then decreasing with 
concentration. 

DC MEASUREMENTS 
   Contacts are made from the silver electrodes. The 
sample is exposed to different atmospheres at room 
temperatures. The gases used here is helium, 
nitrogen, oxygen. The resistance is being recorded. 
The results are shown in the table1. It is found that 
the change in resistance is different for various 
atmospheres. For 15 % (w/w) concentration in the 
Helium and nitrogen atmospheres, resistance is out 
of range of our instrument. But it is found that it is 
greater that 200 Giga Ohm. In this case the number 
of fibers on the electrodes are less in number. This 
can be the one of the reasons for high resistance.  
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 

PANI (HCl)-PMMA composite fibers are 
electrospun and their electrical properties are 
determined. Capacitance of the fibers are first 
increasing and decreasing with concentrations at 
different frequencies. 
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ABSTRACT 

 
Nano wire targets are also known as 'Velvet' targets consisting of ultrafine wires, having low average density but high 
local density. The designed surface targets have lots of applications. For example in the X-ray generation using 
femtosecond lasers; these targets have shown to improve the X-ray yield substantially.   We report here the 
development of Cadmium velvet targets using the electrochemical method with optimization of ordered and closed 
packed alumina structures. 
 
 
INTRODUCTION 

 
X-ray generation using femtosecond lasers is an 
attractive way to obtain short pulse X-rays. However 
due to formation of solid density plasma at target 
surface, most of the incident femto second laser pulse is 
reflected from planar targets. The designed surface 
targets such as nanowire targets, porous targets and 
metal coated grating targets have shown to improve the 
X-ray yield substantially.1,2  Nano wire targets are also 
known as ‘Velvet’ targets consisting of ultrafine wires, 
having low average density but high local density.  We 
have adopted the electrochemical method of  velvet 
target fabrication. The process is termed as template 
assisted where nanowires are formed after filling of a 
template generated on a substrate. The order and close 
packing of the nanowires constituting the velvet target  
comes from the intermediate process of the anodization 
of the aluminum substrate.  For this, a specially 
designed setup has been used for generating the ordered 
pore structures during the anodization which dictates the 
velvet target characteristics. This setup permits working 
at higher voltages exceeding 60 volts, without 
consequent amorphousized growth.  We report 
generation of  higher pore spacing ~ 125 nm at and 
above 60 V without any need of pre-texturing. This 
problem has earlier been addressed by Masuda et al. 
where they have stated that at or above 60 Volts with 
oxalic acid the cell configuration gets less ordered and 
have worked on the use of pretextured surface. 3 
 
PROCESS 
 
The template assisted electrochemical process is one of 
the means to generate metal nanowires. The anodic 
oxidation of ultra pure aluminum leading to the 
formation of high aspect ratio nanopore arrays is the 
basis of nanowire generation. The anodization layer 
growth rate depends on applied voltage, electrolyte 
concentration and temperature.  The porous oxide 
structure is formed as a result of oxidation of aluminum 
due to the field induced migration of oxygen ions (O-

2/OH-) from the electrolyte and subsequent ejection of 
Al+3 ions to the electrolyte.4  
 
 

 
The various steps follwed for Nanowire generation are:: 
Step 1 Electropolishing:  The Aluminium sustrate with  
purity > 99.9%  is electropolished using perchloric acid 
( 70%) and ethanol ( 95%) in the ratio 1: 4  at 2 -3 0C 
using 15 VDC. 
Step 2 Template Preparation: Anodization  of this 
electro-polished substrate is done using 0.3 M oxalic 
acid at 16 – 24 0C using 40 to 60 VDC which generates 
nanosized pores.  The porous film is etched in 0.1 M to 
create desired pore sizes.  
Step 3 Metal filling: In this the porous layer is filled 
with metal. For cadmium, the solution used contains 
CdSO4 and Boric acid. Metal ions in the solution 
migrate in to the pores by the action of AC electro-
deposition, filling them to a density of 90-95 % of solid 
metal density. This results in nanowires embedded in 
the aluminum oxide matrix.  
Step 4 Nanowires: The top layer of the aluminum oxide 
is etched back, to reveal free standing metallic 
nanowires.  
 
ANODIZATION SETUP  
 
 The Pore diameter and pore packing densities  are a 
function of acid strength and voltage in anodization 
step. An amorphous pore structure can be obtained for a 
wide range of parameters. The regular polycrystalline 
pore structure growth occur only for a small processing 
window with stabilized parameters mainly: electric field 
and substrate temperature. 

 
 
Fig. 1 Anodized aluminum sketch showing the barrier layer 
with the nano porous tamplate. 
 
At high anodization voltages with Oxalic acid e.g. 60V, 
a local increase of temperature results in sharp build up 
of local current resulting in further rise in temperature, 
this leads to non ordered growth. In our setup, the 
anodization bath has been made with an anode 
surrounded by helical water-cooling coil (inner clear 



 

diameter as 1”) maintained at required temperature. This 
along with air agitation creates a uniform temperature 
zone around the substrate.  Under these conditions, we 
could get ordered pore structures at 60 volts with current 
densities ~ 20 mA/cm2 with current stability ~ 1%. The 
conditions for the self-organized formation of ordered 
hexagonal structures in anodic alumina were optimized 
for the oxalic acid as an electrolyte. In addition pre-
conditioning of the samples was studied, and found that 
the electro-polishing plays vital role in the formation of 
ordered alumina growth.  We have been able to obtain 
average surface roughness of the substrate in few 
angstroms which is shown in the figures 2 and 3. 
The stability for electrolyte concentration and operating 
voltage during the anodization are important which were 
controlled during the process.  
 
 

 
 
Fig.2 AFM of Aluminum surface prior to electropolishing 
having surface roughness > 30 nm. 
 

 
 
Fig.3 AFM of Aluminum surface after electro-polishing with 
surface finish ~ 1nm. 
 
RESULTS  
 
The samples of aluminum foil were analyzed using 
AFM at different stages.  The regular porous structure at 
60 is shown in figure 4.  The close packed cadmium 
nanowires of diameter ~ 40 nm are shown in figure 5. 
 

 
 
Fig.4 AFM of Aluminum surface after anodization with 0.3M 
Oxalic acid at 60 Volts and subsequent etching. 
 

 
 
Fig.5  AFM of Cadmium Nanowires ( Velvet target). 
 
CONCLUSION 
 
The cadmium nano wire targets (diameters of ~40 nm) 
have been formed using the porous alumina samples by 
critically monitored electrochemical process. The use of 
a special anodization bath with circulating water  helical 
coil around the anode results in a uniform temperature 
zone around the anode. The ordered pore structure at 60 
volts has been confirmed using AFM and Cadmium 
Nanowires have been generated.  
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ABSTRACT 
 
A numerical model of drain - induced barrier lowering of fully depleted short channel SOI MESFET is presented in this 
paper. The 2-D potential distribution functions in the active layer of  the device is approximated as a parabolic function 
and the 2-D Poisson’s equation has been solved with suitable boundary to obtain the bottom potential at Si /oxide layer 
interface. The minimum bottom potential can be used to observe Drain-Induced Barrier Lowering effect (DIBL) in the 
short gate SOI MESFET. The model is compared with the simulated results obtained by solving 2-D Poisson’s equation 
numerically by using pde tool box in MATLAB. The obtained model can be used as a basic tool for accurate simulation 
of fully depleted short channel SOI-MESFET. 
 
Key words: Drain-Induced Barrier Lowering (DIBL), potential distribution, short channel, silicon-on insulator (SOI)-
MESFET 
 
I.INTRODUCTION 
 

In recent years, Si-MESFET fabricated on 
Silicon-On-Insulator (SOI) has drawn considerable 
attention in recent years due to its possibility as a good 
replacement of MOSFET for ULSI technology [1-6]. 
Vogt et.al.[1] have first investigated the I-V 
characteristics of SOI MESFET investigated 
experimentally. but they overlooked the short-channel 
effects of such devices. Hou and Wu [2] have reported a 
model for the two-dimensional distribution function and 
threshold voltage of SOI-MESFET by using the Green 
function technique. Recently,Chang et .al [3] have 
presented superposition based analytical model . 
Though accurate, this model is computationally 
expensive. In this paper, a simple analytical model for 
characterizing the DIBL in short-channel SOI-MESFET 
is developed analytically by solving poisson’s equation 
with suitable boundary conditions. The bottom potential 
is used to monitor the DIBL in the Short channel SOI 
MESFET. The proposed model has been verified by 
comparing the results with that of the simulated one 
obtained by solving the 2-D Poisson’s equation 
numerically by using the pde toolbox of the widely used 
software MATLAB. 

II. ANALYTICAL MODEL FOR SURFACE 
POTENTIAL 
 

The schematic structure of a fully depleted SOI 
MESFET under consideration has been shown Fig.1.The 
main interesting section of the structure is the 
completely depleted region below the schottky gate.  
The potential distribution function for the short-channel 
devices can be obtained by solving the 2-D poisson’s 
equation in the above region. 

 
Fig.1.Cross-section view of an n – channel Si-SOI 

          MESFET device.  

Assuming a uniform impurity doping density dN  in 

the channel region, the 2-D potential 
distribution ( , )x yΨ   in the fully depleted silicon film 

can be obtained by solving the 2D Poisson’s equation 
given by  
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where siε is the permittivity of the silicon film, L  is the 

device channel length and sit is the film thickness. The 

y-dependence of ( , )x yΨ  can be approximated by a 

simple parabolic function as considered in [4] for fully 
depleted SOI MESFET as 

 2
210 )()()(),( yxbyxbxbyx ++=Ψ                    (2) 

Where 1( ), ( )ob x b x and 2 ( )b x  are the functions of x  

which can be determined by using the following 
boundary conditions [5] 

bigsy Vyx Φ−=Ψ =0),(                          (3) 
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                                                (6)  

 
                                          (7) 

 where gsV  is the gate-source voltage, dsV  is the drain-

source voltage, biV is the built in voltage of the Schottky 

barrier at gate, bsV is the substrate bias, sit  is the 

thickness of the active silicon film, oxt is the thickness 

of the back oxide layer, ( )bp xΨ is the bottom potential 

at the silicon and oxide layer interface(i.e., potential at 
y= tsi ), Vfb is the flatband voltage of SiO2,,åox is the 
permittivity of the oxide layer. 
 
Using the boundary conditions from eqns.(6) and (7),the 

expression of  ( )bp xΨ can be given by 

 
(8) 
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The DIBL effect of the short –channel SOI MESFET 
can be demonstrated by observing the bottom potential  

( )bp xΨ Since the sub threshold leakage current often 

occurs at the position of the minimum channel bottom 
potential, the effect of the DIBL on the device behavior 
in the sub threshold region may be monitored by the 

minimum potential min( ) ( )bp bpx x xΨ = Ψ = where 

minx  is the position of the minimum bottom potential 

which can be obtained by solving the equation: 
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For the short-channel devices with moderate values of 
L, we may use the following approximation for the 
hyperbolic function in (12): 

min mincosh(( ) / ) (1/ 2)exp( ) / )L x L xδ δ− ≈ −  

and min mincosh(( ) / ) (1/ 2)exp( ) / )x xδ δ≈ .Thus, 

minx  may be approximately given by 
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And hence the minimum bottom potential can be 

obtained by substituting minx x= from (13)in (8).Since 

DΦ  = SΦ   for dsV =0,(13) yields min / 2x L= ,i.e., with 

no drain bias, the position of the bottom potential occurs 
at the middle of the channel. In this case, from (9), it 

may be observed that DΦ is increased with the increase 

in dsV  and DΦ > SΦ  resulting that minx decreases with 

the increase in dsV  and shift toward the source (13). 

Further, for a fixed value of dsV ,since DΦ  and 

SΦ become constant and are independent of L , minx  

decreases with the decreases with the decrease in 
L ,that is, the position of the minimum potential again 
shifts toward the source. The overall effect is that the 
potential minimum is increased which results in the 
decrease of the channel barrier with the increase in the 
drain voltage as well as with the decrease in the channel 
length. This causes sub threshold behavior of the of the 
short channel devices to be partly controlled by he drain 
voltage instead of fully controlled by the gate voltage 
,which is known as the DIBL effect in short-channel 
FETs. 
 
III. RESULTS AND DISCUSSIONS  
 

We have presented some numerical results for 
the bottom potential at Si/oxide layer interface to 
demonstrate the DIBL effect in short channel Si-SOI 
MESFET. In Fig.2., the variation of the bottom potential 
along the cannel with a gate length L = 0.5 ìm has been 
shown for different drain-source voltages .From the 
Fig.2., it is observed that for a fixed gate length, as the 

drain-source voltage dsV  is increased, the bottom 

potential is increased at the drain side whereas the 
position of the minimum potential remains almost 
unchanged for L = 0.5 ìm. Although, the position of the 
minimum bottom potential shits towards the source with 

the increase in dsV as well as with decrease in L ,but, for 

small values of the drain voltages remains almost at the 
middle of the channel. The increase in the bottom 

potential at the drain side due to the increase in dsV  
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lowers the channel the channel barrier height (i.e., the 
potential difference between the channel and the source) 
of the device which is known as the DIBL in the short 
channel FETs. The bottom potential versus the 
normalized distance for different doping concentration 
in the silicon film is presented in Fig.3. It is observed 
from the figure that the DIBL effect is increased with 
the increase in the doping concentration. 

 
Fig.2.Bottom potential distribution showing the DIBL 

effect for gate length L =0.5 ìm with different dsV . 

 
Fig.3.Bottom potential distribution versus normalized 
distance (x / L) for different doping concentration 

Finally the variation of the bottom potential along the 
channel is presented for different thickness of the silicon 
film as shown in Fig.4. It can be observed that as the 
silicon film thickness is decreased, the DIBL effect is 
reduced. Thus, if the channel length length is reduced, 
the short-channel effect may be minimized by reducing 
the thickness of the active layer of the device. The result 
has been compared with the simulated one obtained by 
solving he 2-D poisson’s equation by using the pde 
toolbox of the MATLAB and a fair good agreement is 
observed between the two. 
 

 
Fig.4. Variation of the bottom potential )/( LxbpΨ  

along the channel at Si –SiO2 interface with normalized 
distance x/L for different silicon-film thicknesses. 
 
IV. CONCLUSION  
 

A two-dimensional analytical model for the potential 
distribution and the drain-induced barrier lowering 
(DIBL) effect in short-channel SOI-MESFET is 
presented in this paper. It is shown that as the channel 
length is reduced, the minimum bottom potential is 
increased which further reduces the channel barrier. If 
the drain-source voltage is increased, the position of the 
minimum bottom potential is shifted towards the source. 
The model presented in this paper is very simple and 
can be used to predict accurately the channel barrier 
variation with the gate and drain voltages in the sub 
threshold regime including DIBL effects.  
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ABSTRACT 
 The present paper reports the synthesis of SnS nanoparticles using wet chemical route by complexing tin 
with hydrazine in an aqueous medium. In this reaction hydrazine act both as reducing as well as capping agent, 
thereby controlling the size of SnS nanoparticles formed. Linewidth broadening of XRD peaks suggest formation of 
nanoparticles of SnS, further with increase in quantity of hydrazine, increase in linewidths of XRD peaks has been 
observed, which suggests the reduction in the size of SnS nanoparticles formed. TEM studies confirm the formation 
of nanosize particle and ED pattern suggests polycrystalline nature of these particles. FTIR studies shows SnS-
hydrazine complex. 
 
1. INTRODUCTION 
 In the past few decades, metal chalcogenides, have attracted significant interest due to their potential 
applications in electronic, optical and semiconductor devices [1-3]. Nanosized semiconductor chalcogenides provide 
greater opportunities to tailor material properties by crystal structure, size and shape. Further, these nanomaterials 
when taken in nanometer size provide great scope for tailoring their bandgap and electronic structure thereby 
rendering quite novel and unique electronic and optical properties useful for a number of technological applications 
such as solar cells, LEDs and Scanning Microscopy probe [4-6]. 
 Among the chalcogenides, sulphides of tin viz. SnS and SnS2 are becoming increasingly important because 
of their specific semiconducting properties. SnS has a orthorhombic structure, and its direct and indirect band gap 
energies are reported to be 1.3-1.5 and 1.0-1.1 eV, respectively [7-10] which makes it ideal candidate for photovoltaic 
materials with high conversion efficiency[11], and a part of solar collectors[12]. In addition to this, both the constituent 
elements are abundant and nontoxic which leads to the development of devices that are environmentally safe. 
 Various methods have been developed for the synthesis of tin monosulphide, such as reaction of metal tin 
powder with sulphur in liquid ammonia followed by post annealing to get crystalline SnS[13], thermal decomposition 
of precursor complex of (Ph2SnS)3 

[14], by using cationic surfactant  cetyl trimethyl ammonium bromide (CTAB) 
together with SnCl2, oxalic acid (H2C2O4) and sodium sulfide (Na2S)[15], microwave assisted polyol synthetic 
method[16], sulphurisation of thin metallic tin precursor layer in vacuum furnace followed by annealing at high 
temperature, solid state metathesis[17] and organic template mediated reaction[18]. 
 In this paper we have reported the formation of SnS nanoparticles by simple wet chemical route through 
metal-hydrazine complexation. Here hydrazine, used as a cationic surfactant reducing agent, also acts as capping 
agent and controls the growth of SnS particles formed. Compared to earlier reported methods, the present method is 
relatively simple, without using complex apparatus or methodology. 
 
 
2. EXPERIMENTAL 

 For the synthesis of SnS particles, chemicals of analytical grade i.e. Tin(II) chloride dihydrate 
(SnCl2.2H2O), hydrazine hydrate (N2H5OH) have been used as starting material. Firstly, SnCl2 solution is taken in a 
beaker and then hydrazine is added drop by drop in the solution with continuos stirring. As hydrazine is added a 
turbidity appears, which goes off on stirring. Hydrazine is added till the turbidity stabilizes which suggests 
completion of the complexation. H2S gas is passed in the resulting turbid solution for a specified duration. Brownish 
precipitate was obtained which was washed thoroughly by distilled water to remove impurities and then dried at 
1000C in an oven under ambient conditions. 
 In a typical synthesis : for sample A- 50ml of 0.1M solution of SnCl2 was taken in 250ml of beaker and 
1ml of hydrazine hydrate was added. H2S is then passed in this tin-hydrazine complex for a duration of 30-35 
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minutes in a controlled way. The resulting brownish precipitates were washed thoroughly with distilled water and 
dried. Similarly, other two samples i.e. Sample B and C were also prepared by taking increased amount of hydrazine 
i.e. 1.5 ml and 2.5 ml respectively, while keeping the other reaction parameters unchanged. 
 The structural characterization of the as prepared samples was carried out by powder X-ray diffraction 
method performed on X’pert PRO PANanalytical system with Cu Kα radiation, Morphology and size were measured 
by using transmission electron microscope (TEM) (JEOL-JEM-200CX) with an accelerating voltage of 200 kV and 
a double tilt sample holder. IR spectra of the samples were recorded using Shimadzu-8101A Fourier Transform 
Infrared Spectrometer. 
 

3. RESULTS AND DISCUSSION 

 On hydrolysis tin shows +4 oxidation state and when excess of sulphur is passed through hydrolysed tin it 
results in SnS2 phase. In order to get SnS phase, tin +4 should be reduced to +2 state. A variety of reducing agents 
can be used to serve this purpose. Here hydrazine has been used for reducing Sn+4 to Sn+2 and it also complexes with 
Sn ions. It is well known that tin has ground state configuration of 5s25p2 and it can form covalent tin (II) 
compounds with the use of two unpaired p-electrons. In tin (II) chloride two sp2 orbitals form covalent bonds to 
halogen and one directional lone pair of electrons is present. On reacting with hydrazine tin forms complex, Sn 
(N2H4)xX2  which maintains tin in the reduced oxidation state of +2. 
 
                                   SnCl2 + xN2H5OH→ [Sn(N2H5)xCl2]+ +OH- 

 
Here x=1, 2, 3............., resulting in network formation 
 
 Tin(II) in [Sn(N2H5)xCl2]+ ion may be regarded as sp3 hybridized, with the two tin chloride bonds and the 
directional lone pair of SnCl2, but with the coordination of [N2H5]+ into the vacant sp3 orbital. The directional lone 
pair of [Sn (N2H5)xCl2]+ behaves as an acceptor. In this latter case it is possible for the tin atom to act as a π-electron 
acceptor also, thus increasing the overall strength of the tin-sulphur bond[19]. 
 
 
                       

 

    + H2N=NH2.HOH   + OH- 

 

 

  

 

 

 

 

 

 
 The XRD spectra of as prepared samples are shown in Fig.2. For sample A XRD spectrum shows well 
crystalline peaks of SnS phase with orthorhombic crystal structure. The crystal planes of diffractions (020), (111), 
(131) are well matched with standard data of SnS (JCPDS file no. 75- 1803). The samples prepared by taking higher 
amount of  hydrazine (samples B and C), also show the same set of XRD peaks, however, with increased line 
broadening thereby suggesting reduction in particle size with increasing amount of hydrazine. 
 
  
 

Cl Cl 

Sn 

Cl
N2H5

Sn+ 

Cl

Sn

Cl

Cl

N2H5S 

H2S

Fig.1 Formation of tin-hydrazine complex 
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 TEM micrographs of all prepared samples are shown in Fig 3. It indicates the formation of large 
agglomerated nanoparticles for sample A, and gradual size reduction of particles  in samples B and C prepared with 
increased amounts of hydrazine.  The micrograph of Sample A shows tin sulphide with larger size agglomerates (~ 
50nm). Similarly, for sample B TEM micrograph shows gradual reduction of the size of agglomerates embedded 
within matrix resulting in smaller size particles and in sample C further reduction in particle size upto 10nm with a 
corresponding increase in amount of the matrix. ED patterns of all the samples are also shown along with 
micrographs in Fig. 3 which show spotty ring patterns indicating formation of polycrystalline SnS particles. 
 
 

 

 

 

 

  
 
 
  
 
 
 
 
 
 Fig. 3. TEM microraphs of SnS nanoparticles with corresponding SAED pattern 

0.2 µm0.2 µm 50 nm50 nm 50 nmA B C

Fig. 2 XRD spectra of SnS nanoparticles (sample A, B and C)  



 4
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 From the above micrograph we observe the formation of SnS nanoparticles in a complex matrix. However 
XRD patterns do not show peaks due to any phase other than SnS thereby suggesting amorphous nature of the 
matrix element. In order to identify this matrix investigations of sample have been carried out by using FTIR 
spectroscopy. Fig.4 shows FTIR spectra of samples A--C. Same set of peaks have been observed in IR spectra of all 
the three samples. Peak  at 3485 cm-1 is due to N-H stretching, peak at 1380 cm-1 indicates N-H-N bending, a peak at 
550 cm-1 may be attributed to vibrational modes of Sn-N bonding. As there is increase in relative intensity of peak at 
550 cm-1 , with increase in amount of hydrazine suggests increase in the Sn-N bonds which might be resulting due to 
availability of more number of tin atoms on the surface of the smaller size of SnS nanoparticles. Formation of more 
matrix with respect to quantity of hydrazine suggests formation of nanoparticles by way of complexation. Thus 
FTIR studies not only suggests complexing of tin with hydrazine but also indicates reduction in size of Nan particles 
of SnS with increase in the amount of hydrazine in the reaction.  
 

 

 
 

 

 

 

 

 

 

 

4. CONCLUSIONS 

 In summary SnS nanoparticles with tunable particle size in the range of 50-10nm have been synthesized by 
wet chemical route. The influence of hydrazine in controlling size of SnS particles has been briefly discussed. The 
present method is relatively quick, simple and efficient to produce SnS nanoparticles and can be extended to 
synthesize nanosulfides of other metals. 
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ABSTRACT 

 
We have studied the InP(111) surfaces after MeV Sb ion implantation. Scanning Probe Microscope (SPM) has been 
utilized to investigate the ion implanted InP(111) surfaces as a function of ion fluence. We observe the formation of  
nanostructures on the InP surfaces. The density, height and the size distribution of the nanostructures have been 
investigated as a function of ion fluence. The size distribution indicates a decrease in size of the nanostructures as the 
fluence is increased.  Scanning Force Microscopy has also been utilized to investigate the modifications in the surface 
roughness of the ion-implanted surfaces. We observe a non-linear increase in the rms surface roughness, as a function 
of ion fluence. Beyond a critical fluence, however, the roughness decreases suggesting the smoothening of the InP 
surfaces. 
 

 
 
1 INTRODUCTION 
 
InP is a very promising candidate for the electronic and 
opto-electronic applications [1-3]. Due to its excellent 
physical properties like high thermal conductivity, high 
peak velocities for electrons and holes, InP is considered 
an important semiconductor material. It is being 
prominently utilized in the devices for high electron 
mobility transistors, high efficiency and high speed 
quantum well lasers, photo-detectors, photonic 
integrated circuits etc.  
    Although InP is being extensively used in 
semiconductor based device technology, it has been 
investigated much less compared to GaAs. Due to the 
low thermal stability of the InP, MeV ion implantation 
is a prominent way to introduce and dope the materials 
in InP. MeV implantation is also important for forming 
thick buried layers with modified properties, 
modification of vertically limited layers as well as 
quantum well structures.  In the MeV ion implantation 
the electronic energy deposition plays a crucial role and 
can influence the implantation induced damage 
formation. The formation of the surface structures, due 
to the ion implantation is also gaining importance 
because of the realization that the structures can be 
utilized for controlled fabrication of semiconductors 
similar to self-organized growths. However these 
surface studies on InP surfaces have been performed 
either after keV range implantations [4] or after Swift 
Heavy Ion (SHI) irradiations at several hundreds of 
MeV  [5,6], and there are no studies in literature where 
MeV implantation energies have been utilized.  
   Scanning Probe microscope (SPM) is a very effective 
tool for examining the surface structures. In the present 
study, using SPM, we have investigated the surface 
modifications of InP(111) created due to 1.5 MeV Sb 
ion implantation. After implantation, we find a presence 
of nano-sized defect structures on the InP surfaces. We 
have also studied the modifications in the surface 
roughness as a function of ion fluence. Our studies show 
the development and the changes of the surface 

structures as a function of ion fluence. The surface 
roughness initially increases with ion fluence but 
beyond a critical fluence the surface roughness 
decreases. In comparing our results with the 100MeV 
SHI Au implantation [6] results we observe that the 
surface morphology is a complex function of ion mass, 
its energy and fluence. It is noticed that at fluence of 
1x1014ions/cm2, rms surface roughness after SHI Au 
irradiation is higher than that observed here after 1.5 
MeV implantation. However for the fluence of 
1x1013ions/cm2, the results are opposite and a higher 
surface rms is observed after 1.5 MeV implantation of 
Sb. 
 
2  EXPERIMENTAL  
 
A mirror polished InP(111) single crystal was implanted 
with a scanned beam of 1.5 MeV Sb ions at various 
fluences ranging from 1x1011 to 5x1014 ions/cm2. The 
average flux was 0.02uA/cm2. The current was 
measured directly on the target after suppressing the 
secondary electrons by applying a negative bias of 200V 
to suppressor assembly around the target.  The 
implantation was performed with samples oriented 7o 
off normal to the incident beam to avoid channeling 
effects. 
      SPM Nanoscope IIIA from Veeco was used to 
image the implanted InP(111) sample surface with a 
silicon nitride cantilever operated in tapping mode. 
Images ranging from 0.2 to 10 um square were obtained. 
The roughness parameters peak/valley and root mean 
square (rms) were calculated by Nanoscope software. 
 
3  RESULTS  AND DISCUSSION 
 
Fig.1 shows the 2-dimensional SPM images from the 
InP surfaces of area 10 µm × 10 µm.   Image from a 
virgin (un-implanted ) InP(111) sample is also shown 
here (Fig.1a). Other images of Fig. 1 show the InP  



    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
surfaces after 1.5 MeV Sb implantation with various 
fluences. Fig.1b shows the InP surface after an Sb 
implantation with 1×1011 ions/cm2. The Sb implantation 
has led to several nano-sized structures on the InP 
surface.  The structures have developed due to the 
damage created at the surface. Various surface 
structures have been earlier reported after 0.5-2 keV Ar 
ion irradiation of InP surfaces [4]. Analyzing Fig.1b, we 
find that the surface structures at this stage demonstrate 
a broad distribution in size as shown in Fig2. An 
average height of nano-stuctures is about 5.13 nm. 
Fig.1c shows the InP surface image after an Sb fluence  
of 1×1012 ions/cm2. Although the height has not changed 
much, the size distribution of the surface nano-structures  
is much different and is shown in Fig.2. We observe that 
although some nano-structures are as big as 1200 nm, 
most predominant size of the nano-structures is less than 
200nm. The surface image after an Sb fluence of 1×1013  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
ions/cm2 is shown in Fig.1d and the corresponding size 
distribution of the nanostructures is shown in Fig.2. 
Although the size distribution is very similar to that seen 
for 1×1012 ions/cm2, the most predominant size of the 
nano-structures is less than 100nm at this stage. The 
density of the structures, however, has become larger. 
Fig.1e shows the surface image from the InP surface 
after it was implanted with 1×1014 ions/cm2. The 
corresponding size distribution of the nanostructures is 
shown in Fig.2. The SPM image after the fluence of 
5×1014 ions/cm2 is shown in Fig.1f. The figure very 
clearly shows that the density of the defect structures 
has suddenly increased and the size of these surface 
structures has decreased. We observe a very large 
number of nanostructure of size smaller than 100nm at 
this fluence (Fig.2). Fig.1 and 2 clearly demonstrates 
that the formation of surface structures on InP surface, 
after 1.5 MeV Sb ion implantation, is very crucially 

Figure 1: 10××10µµm2  two dimensional SPM images from the InP surfaces for the  (a) virgin sample as well 
as after implantation with 1.5 MeV Sb ions at a fluence of  (b) 1××1011, (c) 1××1012, (d) 1××1013, (e) 1××1014  and  
(f) 5××1014   ions/cm2. 

Figure 2: Size distributions of the surface structures on the InP surfaces after 
implantation at  various  Sb fluences (indicated in ions/cm2 ) 



controlled by the ion fluence. The size and the density 
of the defect structures is also fluence dependent. The 
most predominant height is about 4nm at high fluences. 
The evolution of the surface morphology during ion 
bombardment is considered to be an overall result of a 
balance between the roughening and the smoothening 
processes. The random arrival of the ions on the surface 
constitutes the stochastic surface roughening whereas 
the surface diffusion, viscous flow and surface 
sputtering lead to smoothening processes at the surface 
[7].  We have also studied the rms surface roughness of 
the InP surfaces after the MeV ion implantation. In 
Fig.3 we have plotted the rms roughness of the InP 
surfaces as the function of ion fluence. The rms 
roughness for the virgin InP(111) sample is measured to 
be 0.47nm. The results show that upto the fluence of 
1×1014 ions/cm2, surface roughness increases with 
increasing ion fluence. However beyond this fluence, 
we observe that the rms surface roughness decreases 
with increasing ion fluence. Our results show that there 
is a critical fluence of 1×1014 ions/cm2, below which the 
rms roughness of the InP surfaces increases with ion 
fluence whereas for higher fluences the surface 
roughness decreases with increasing ion fluences. Our  
 

 
Figure3: The rms surface roughness of InP surfaces 
are plotted as function of ion fluence . 
 
 
Raman scattering results [8] have shown that InP 
becomes amorphous at 1×1014 ions/cm2. Thus we 
suggest that the amorphization of InP and the electron 
energy loss (Se) related effects are smoothening the 
surface at higher fluences. The rms surface roughness at 
1×1014 ions/cm2, as seen here, is smaller than that 
observed after SHI implantation of 100 MeV Au ion [6] 
in InP(111).  This can be expected since the energy of 
implantation in the present case is only 1.5 MeV. 
However here after 1×1013 ions/cm2, we observe an rms 
surface roughness of 2.6 nm which is much higher than 
the rms surface roughness of 1.5 nm observed after SHI 
implantations. Although nuclear energy loss (Sn) 
processes will dominate the structure formation for 
1.5MeV used here, Se will also influence it as the two 
losses are comparable. The SHI studies [6] did not 
investigate fluences higher than 1×1014 ions/cm2 and 

also did not observe any decrease in the roughness. The 
results indicate that the surface roughness is a complex 
function of the ion mass, its energy and fluence in 
addition to variety of other factors like dewetting, mass 
flow, etc. 
 
4  CONCLUSIONS 
 
The surface modifications of the InP(111) after 1.5MeV 
ion implantation have been investigated here. SPM has 
been utilized to study the nano-sized defect structures 
created on the InP surfaces as a function of ion fluence. 
The surface structures created via ion implantation 
exhibit a change in their size and density with varying 
fluence. The most predominant size of the 
nanostructures is found to be less than 100nm at high 
fluences. The rms surface roughness of InP surfaces has 
also been investigated as a function of ion fluence. It is 
seen here that although initially the rms surface 
roughness increases with increasing ion fluence upto the 
fluence of 1×1014 ions/cm2, for higher fluences the 
surface roughness decreases. Amorphization of InP and 
energy loss effects are causing the smoothening of the 
surfaces at high fluences. 
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ABSTRACT 
Tin oxide is an n-type, wide band gap semiconducting material. Owing to its specific and combined 
electrical, optical and chemical properties, it finds major applications in electronic and optoelectronic 
devices, gas sensors, solar cells, selective absorber coatings, anti reflection coatings and heat reflecting 
mirrors etc. In this work, initially, aqueous (SnCl4 5H2O:H2O) and alcoholic (SnCl4 5H2O:C2H5OH) 
solution containing desired concentration of tin have been prepared and then mixed with preferred H2O / 
C2H5OH (2/8, 3/7, 4/6, 5/5, 6/4, 7/3, 8/2 and 9/1) ratio. The mixed aqueous – alcoholic stock solutions 
became increasingly cloudy, when allowed for aging at room temperature. This was followed by the 
formation of a gelatinous suspension, which slowly contracted and settled to the bottom of the container. 
The top portion of the solution is then discarded, with minimum disturbance of the gelatinous sediment 
underneath, and fresh alcohol of appropriate quantity is replenished. The solution was then aged for another 
24 hour. The gelatinous sediment contracted further, after every cycle of solvent – replenishment and 
settling. The same procedures were repeated more than ten times to give a solution with pH value of 4.2. 
After the very last solution – removal step, the sludge was poured into a polyethylene container, in which it 
is further filtered to remove excess solvent using filter paper. When the sludge was slowly dried at 30 °C 
for 7 days, tin oxide xerogel have been formed. The replenishment and aging cycle prior to drying has been 
repeatedly carried out until the pH value remains below 4, to reduce both [Cl-] and [H+]. Subsequent heat 
treatment of the air-dried xerogel was found to improve its mechanical strength but results in the loss of 
specific surface area. Heat-treating the xerogel at 120 °C, for two hours in a closed furnace leads to the 
formation of gray coloured tin oxide powder. The dried powders were then calcined at 500 °C, for one hour 
in a furnace. After calcination, colour of the powder turned to light blue. The powder was then milled for 
about 16 hours in a ball mill, to get tin oxide nano powder.  
 
The Rheological behavior of the solution have been studied by the viscosity measurement, from which the 
solution to gel transition mechanism have been investigated and explained. The break off, saturation point 
and t1/2 have been estimated and the effect of H2O / Et-OH ratio on these parameters have been studied and 
reported. The optical properties of the as synthesized tin oxide powder have been studied in the visible 
region, which shows good transmittance. XRD analysis of the as synthesized SnO2 powder (with different 
H2O / Et-OH ratio) conforms tetragonal rutile structure with preferred orientation along the (101) plane. 
From the XRD data, the lattice constant a and c have been evaluated as 4.7351 Aº and 3.1714  Aº 
respectively, which are in agreement with the standard values of JCPDS - PDF data No. 41-1445, for SnO2 

powder specimen. The mean grain size have been calculated using the Sherrer’s formula, lie between 100 
nm and 600 nm and the variation of mean grain size with different H2O / Et-OH ratio have been studied and 
discussed. AFM investigations on the palletized SnO2 powder prepared from the aqueous alcoholic stock 
solution containing H2O / Et-OH in the ratio 2/8 shows grains of size ranging between 100 nm and 1000 
nm. The palletized SnO2 powder adhered onto a quartz substrate have been used as a .(solid state) sensor 
active layer for LPG gas detection. The response and recovery characteristics of the active layer for LPG 
sensing have been studied and discussed. The detection sensitivity of the active layer have been evaluated 
using the relation   S = (Ra – Rg) / Ra, where Ra and Rg are the resistance of active layer in air and 
reducing gas ambient. The variation of sensitivity with different operating temperature have also been 
studied and reported.  
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ABSTRACT 
 
NiFe2O4 nanosystems have been prepared using the sol-gel pathway. The importance is in the use of poly acrylic acid 
(PAA) as the chelating agent by which we get more stoichiometric control and there is a reasonable decrease in the 
production cost. The XRD patterns for the samples calcined at 300oC with various molar ratios of PAA to total metal ions 
indicate the crystalline nature. The average particle size of each sample was calculated using the Scherrer equation. When 
the molar ratios of the PAA to the total metal ions were 0.5, 1, 1.5, 2, 2.5, the particle sizes were 28.78 nm, 28 nm, 25.15 
nm, 16.22 nm, 21.95 nm respectively. The XRD analysis revealed that synthesis of pure NiFe2O4 could be achieved by sol-
gel preparation method at a calcination temperature lower than the conventional solid-state reaction method. 
 
 
 
1 INTRODUCTION 

 
The nanosystems have become a new branch of materials 
research in recent years. A lot of areas like electronics, 
optics, catalysis, ceramics and magnetic data storage are 
attracted to this size regime because of its potential 
applications in those areas. The unique properties and the 
improved performances of nanomaterials are determined 
by their sizes, surface structures and interparticle 
interactions. The extremely small size or large specific 
area helps them to exhibit unusual physical and chemical 
properties1,2. The magnetic properties of nanosize 
particles considerably differ from those of bulk 
materials. The large surface-to-volume ratio results in a 
different local environment for the surface atoms in their 
magnetic coupling/interactions with neighboring atoms, 
leading to mixed volume and surface magnetic 
characteristics. The spinel ferrites with the general 
formula AB2O4 belong to an important group of magnetic 
materials because of their interesting magnetic properties 
and have attracted the attention of physicists and 
technologists3. In ferrites, the magnetic ion occupy the 
tetrahedral (A) and octahedral (B) sites of the spinel 
lattice and the exchange integrals (JAB, JBB and JAA) are 
generally negative with the antiferromagnetic interaction 
A-B stronger than B-B and A-A interactions3,4.  
 
2 EXPERIMENTAL  

  
Sol-gel technique is an attractive technique for preparing 
nanosized particles5. It has advantages such as good 
stoichiometric control and the production of ultra fine 
particles with a narrow size distribution in a relatively 
short processing time at lower temperatures. It is a useful 
and attractive technique for the preparation of nanosized 
nickel ferrite particles. Recently sol-gel synthesis of 
NiFe2O4 using poly acrylic acid (PAA) as chelating agent 

is reported6. PAA has more carboxylic acid group to 
form chelates with mixed cations and results in a sol. It 
also greatly aids in the formation of cross-linked gel, 
which may provide more homogeneous mixing of the 
cations and less tendency for segregation during 
calcinations.  
We have prepared the NiFe2O4 nanoparticles using PAA 
as the chelating agent. Initially, an aqueous solution of 
nickel nitrate and ferric nitrate was prepared. For better 
stoichiometric control, the solution was prepared by 
taking 0.4M nickel nitrate and 0.8M ferric nitrate 
solutions. Then PAA is added to the solution. A phase 
separation can be observed. This phase separation can be 
removed by adding an appropriate amount of nitric acid 
with constant stirring until a transparent green solution is 
obtained. The pH of the solution is carefully noted 
during the addition of nitric acid and it is found that the 
green solution is obtained around the pH value between 2 
and 1. The resulting solution was evaporated at about 
50oC until a transparent sol was formed. The transparent 
sol, which also has a green color, was again heated at 
50oC for further removal of water. The green sol then 
turned to a viscous brown gel. For the formation of gel 
from the original green solution, it takes a heating of 
about 6 hours at about 50oC. The gel is finally calcined 
in air at 300oC for 2 hours with a heating rate of      
5oC/minute to eliminate organic content and spinel 
NiFe2O4 nanoparticles are obtained. The gel is prepared 
in various molar ratios of PAA to the total metal ions 
such as 0.5, 1.0, 1.5, 2 and 2.5 for getting the NiFe2O4 
nanoparticle systems. The structural characterization of 
the prepared samples has been done using an x-ray 
diffractometer [Brunker, D8 Advance, wave length λ = 
0.154056 nm]. 
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3 RESULTS AND DISCUSSION 
 

The x-ray diffraction patterns of NiFe2O4 nano systems 
prepared at different molar ratios of PAA to total metal 
ions and calcined at 300oC are given in Figs. 1 and 2. 
The indexing has been done using the analytical method. 
The average particle size of each of the samples prepared 
has been determined by the Scherrer method7. The 
particle sizes were calculated to be 28.78 nm, 28 nm, 
25.15 nm, 16.22 nm and 21.95 nm for the ratios 0.5, 1, 
1.5, 2, 2.5 respectively. 
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Fig.1. X-ray diffraction patterns of  NiFe2O4 for PAA to total 
metal ion molar ratio (a) 0.5 and (b) 1. 
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Fig.2. X-ray diffraction patterns of  NiFe2O4 for PAA to total 
metal ion molar ratio (a) 1.5 (b) 2 and (c) 2.5. 

 

(a) 

(b) 

  
(c) 



 3

The structural evolution of the compounds happens 
during the time of drying. It could also be seen that the 
peaks broaden when the molar ratio of PAA to the total 
metal ions is gradually increased. The phenomenon was 
not resulted from lower crystallinity or amorphous 
structure but it implies the formation of smaller particles 
as usually observed for nanoparticles. It is also observed 
that when the molar ratios of PAA to the total metal ions 
increases, there is a gradual reduction in the particle size 
except for the molar ratio of 2.5 and requires a more 
detailed study. 
 
4 CONCLUSION 

 
NiFe2O4 nanosystems have been prepared by sol-gel 
pathway using PAA as the chelating agent. A minimum 
particle size of 16.22 nm is obtained for PAA to total 
metal ion ratio of 2. It is also observed that there is a 
general trend in the reduction of the particle size as the 
PAA to total metal ion ratio is gradually decreased. The 
XRD analysis revealed the crystalline nature of the 
samples prepared and indicates that pure NiFe2O4 could 
be prepared at a calcination temperature of 300oC lower 
than the conventional solid-state reaction method. 
Further detailed investigations are required to understand 
the process of formation of NiFe2O4 nanosystems and 
their magnetic behavior.  
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Abstract: Thin films of WO3 were prepared by pulsed laser 
deposition technique. The influence of substrate temperature 
(Ts) and oxygen partial pressure (pO2) on the microstructure 
and morphology was systematically studied. The films 
prepared at 673 K in an oxygen partial pressure of 100 
mTorr exhibited predominantly (002) orientation 
representing triclinic structure with nanocrystalline nature. 
The electrochromic properties of these films were carried 
out by dry lithiation studies. These nanocrystalline WO3 thin 
films exhibited a high degree of optical modulation in the 
near infrared region. 
 
1.INTRODUCTION 
 
In recent years, there has been a growing interest in the 
development of electrochromic devices (ECD) based on 
lithium intercalation in transition metal oxide thin films1. 
The electrochromic coloration/bleaching of the materials 
takes place through a double injection/extraction of electrons 
and positive ions. Among transition metal oxides, tungsten 
trioxide (WO3) is the most studied electrochromic material 
and it is considered as one of the best materials for ECD2 . 
WO3 thin films display a variety of interesting properties and 
have been investigated for applications in smart windows, 
electrochromic displays, sensors and other optoelectronic 
devices3-4.  

The electrochromic properties and the performance 
of these devices based on WO3 thin films are dependent on 
the deposition technique and the deposition process 
parameters which inturn dependent on the growth, 
microstructure and surface morphology of the films. A 
variety of thin film deposition techniques such as thermal 
evaporation5, sputtering6 etc have been employed for the 
deposition of WO3 thin films. Recently, pulsed laser 
deposition technique has been recognized as a very 
promising, versatile and efficient method for the preparation 
of WO3 thin films because of its reproducibility, 
controllability of stoichiometry and crystal structure. 
Rougier et al.7 deposited WO3 thin films by pulsed laser 
deposition technique on SnO2:F coated glass and 
investigated the effect of deposition conditions on physical 
and electrochromic properties.  Fang et al.8 deposited WO3 
films on different substrates with different stoichiometry by 
pulsed laser deposition technique under different deposition 

conditions and also studied their electrochromic behavior. 
However there is still a lack of microscopic information 
about the electrochromic properties of pulsed laser deposited 
WO3 thin films. It is said that the nanocrystalline WO3 thin 
films have better electrochromic properties than the 
conventional WO3 thin films. The degree and extinct of 
optical modulation of WO3 thin films depends on the 
composition (including water content), grain size, 
microstructure (porosity) and surface morphology. In the 
present investigation, WO3 thin films were deposited by 
pulsed laser deposition technique. The influence of oxygen 
partial pressure and the substrate temperature on the 
microstructure and morphology and the electrochromic 
properties of these films were  systematically studied.  
 
2.EXPERIMENTAL 
 
  A KrF excimer laser (Luminics PM 882) with a wavelength 
of 248 nm and a pulse duration of 30 ns delivered an energy 
of 300 mJ per pulse was used for ablation. The energy 
density of laser beam was 3 J/cm2. The pulse repetition rate 
was set at 10 Hz. The distance between the target and the 
substrate was 4 cm. The WO3 target was prepared from a 
pressed pellet of 20 mm diameter, thickness of 3 mm and 
sintered in air at 1073 K for 20 h. The target was rotated at 
the rate of 10 rotations/min to avoid depletion of the material 
at the same spot during the deposition. The chamber was 
evacuated to a base pressure of 2x10-6 Torr before the film 
deposition. During the deposition pure oxygen was 
introduced into the chamber and the desired pressure was 
maintained with a flow controller. The substrates were 
maintained in the temperature range 373 – 873 K and the 
oxygen partial pressure was maintained in range 10 – 100 
mTorr. The thickness of the laser ablated WO3 thin films 
was about 0.3 ìm. The substrates used were ITO coated 
glass substrates. 
 A Siefert computerized X-ray diffractometer 
(Model 3003 TT) was employed for the microstructural 
analysis of the experimental films. Cu Kα target was used as 
the X-ray source with wavelength λ=1.542 Å. The speed of 
the chart was 1 cm/min and the counter rotation speed was 1 
deg/min. Atomic force microscopy (AFM) (Digital 
instruments, Dimension 3100 series) was used to study the 
surface morphology of the films in a simple contact mode of 



operation. The lithium insertion studies were carried out 
using a dry method in which lithium niobate powder 
(LiNbO3) was heat-treated under high vacuum to give off 
lithium atoms for insertion in the exposed WO3 films. The 
degree of such lithiation was measured by noting the change 
in the quartz crystal thickness (the effective mass) and 
calibrated against the electrochemical insertion. The optical 
measurements were carried out by using a Hitachi U-3400, 
UV-VIS-NIR double beam spectrophotometer in the 
wavelength range 300 – 2000 nm. 
 
3. RESULTS AND DISCUSSIONS: 
 
The WO3 thin films deposited by pulsed laser deposition 
technique on ITO coated glass substrates were found to be 
well adherent to the substrate surface. In the present study, 
two important process parameters such as substrate 
temperature and oxygen partial pressure were controlled 
during the film deposition for the formation of crystalline 
WO3 thin films. It was observed that the microstructure, 
morphology and the optical properties of WO3 films are 
highly influenced by the process parameters. When WO3 
thin films were deposited at a substrate temperature of 573 K 
and in an oxygen partial pressure less than 100 mTorr, the 
color of the films appeared blue. As the oxygen partial 
pressure is increased upto 100 mTorr keeping the substrate 
temperature constant at 573 K the color of the films changed 
from blue to transparent. The blue color of the films at lower 
oxygen partial pressures may be expected due to the oxygen 
deficiency in the films. Our earlier reports suggested that a 
minimum oxygen partial pressure of 100 mTorr is required 
to grow transparent and nearly stoichiometric WO3 thin 
films9. Hence in the present investigation, WO3 thin films 
were deposited at various substrate temperatures keeping the 
oxygen partial pressure constant at 100 mTorr.  
 
3.1.Microstructure and Surface morphology: 

 
It has been found that the deposition temperature has an 
important effect on the microstructure and morphology of 
WO3 thin films. Figure 1. shows the X-ray diffraction 
pattern of WO3 thin films deposited at various substrate 
temperatures.  A very broad and diffused X-ray diffraction 
pattern was observed for the films formed at 373 and 473 K 
which reveals the fact that the films are amorphous in nature. 
Crystallization starts with the increase of substrate 
temperature as signified by the distinct peaks in the XRD of 
the films formed at higher temperatures greater than 473 K. 
All the films deposited at ≥ 573 K exhibited three sharp 
peaks around 2è of 23-25 0 with (002), (200) and (020) 
orientations. The intensity of these peaks increased with the 
substrate temperature. However the Braggs reflection from 
(002) lattice plane appeared to be predominant in all the 
films suggesting that the texture of the films is oriented 
along the z-axis. The films deposited at 573 and 673 K were 
found to be nanocrystalline with an average crystallite size 
in the range 50-80 nm respectively. The average lattice 
constants  evaluated  from  the  XRD  data  are  a =  7.32 Å, 
b = 7.51 Å, c = 7.68 Å representing triclinic structure. The 
crystallinity increased with further increase of substrate 

temperature. The films deposited at higher substrate 
temperatures > 673 K were found to be polycrystalline in 
nature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2. shows the surface topographical images 
of WO3 thin films deposited at various substrate 
temperatures and in an oxygen partial pressure of 100 
mTorr. As can be seen from the AFM pictures, the laser 
ablated WO3 thin films are homogeneous and uniform with 
regard to the surface topography and thickness over an area 
of 1 cm2. A very smooth surface morphological data 
supports the amorphous nature of the films deposited at 373 
K and 473 K. 
 

          

Fig. 1 : The XRD spectra of WO3 thin films deposited 
at various substrate temperatures 

Ts=573 K 

Ts=673 K 

Ts =373 K 

 



 

   
 

Fig. 2 : The morphology of WO3 thin films 

The amorphous nature of these films is because of less 
thermal energy at lower substrate temperatures which may 
not be sufficient for surface diffusion of ad – atoms and thus 
lowering the ad-atom mobility. The surface of the films 
deposited at 573 and 673 K are composed of roughly 
spherical crystallites with dimensions in the nanometer range 
50-80 nm respectively. A very porous and granular 
morphology has been observed in the AFM pictures of these 
films. An even surface roughness is observed in the films 
with an established average root mean square surface 
roughness of 10 nm. The individual grains are clearly visible 
and are seen to be in good contact with each other. These 
nanocrystalline WO3 thin films posses a characteristic large 
internal volume (or porosity). Also these films are highly 
transparent showing no tint or no color variation with the 
viewing angle. These results are in good agreement with the 
observations on nanocrystalline WO3 thin films grown by 
other workers10. A cloudy appearance due to a small 
component of their diffused reflection arising due to these 
grains is observed in the films. These nanocrystalline WO3 
thin films are highly applicable for electrochromic 
applications.  
 As the substrate temperature is increased, the grain 
size and the surface roughness of the films increased. As can 
be seen in the AFM images, the morphology of the films 
deposited at 773 K have a more pronounced grainy and 
conglomerate structure. The average grain size of these films 
are found to be 120 nm. The increase of grain size with 
substrate temperature can be explained as follows. The laser 
ablated plume which consists of the atoms, molecules, or 
ionic species will   impinge on the substrate surface which is 
at higher temperature acquire large thermal energy and 
hence large mobility. This enhances the diffusion density of 
the laser ablated species. As a result, the collision process 
initiates the nucleation and enhances the island formation 
inorder to grow a continuous film with large grains 
exhibiting polycrystalline nature. 
3.2.Optical and Electrochromic Properties: 

The optical spectra of WO3 thin films deposited at 673 K 
which is nanocrystalline exhibited a high degree of optical 
transmission (>80%) above the fundamental absorption edge 

which reveals the fact that the films are weakly absorbing 
(shown in fig. 3A).  
 

 
 

Fig. 3 : Transmission spectral changes occurring in 
nanocrystalline WO3 thin films with different degrees of  

dry lithiation   A) 0    B) 6   C) 20 nm 
 

This nanocrystalline film hardly reveals any broad 
band absorption in the infrared region of the spectrum 
caused by the oxygen vacancies in the films. The high 
transmittance of these films is due to their nanocrystalline 
nature i.e. open and porous structure. Such nanocrystalline 
films generally have an elevated level of normal state of 
transmission and are shown to exhibit a superior degree of 
electrochromic optical modulation compared to the 
conventional polycrystalline or amorphous films8. Hence the 
electrochromic properties of the nanocrystalline WO3 films 
were studied by dry lithiation. The film is exposed to 
different degrees of dry lithiation. The optical changes 
occurred in the films at different degrees of dry lithiation is 
shown as the variation of transmittance (T) with wavelength 
(ë) in figure 3. The nanocrystalline WO3 film exhibited a 
fairly efficient optical modulation in the infrared region with 
a peak change centered at approximately 1100 nm. The 
optical modulation increased with the increase in the degree 
of dry lithiation. Also the absorption edge seems to shift 
towards the higher wavelength region. A high degree of 
optical modulation in the infrared region for these films 
upon the lithiation of 20 nm (Fig. 3C) was observed with a 
slight shift towards lower wavelengths. From the integrated 
transmission calculation it is observed that the changes 
occurring in the films in the visible and infrared regions are 
between 86% and 24% and between 73% and 4% 
respectively for the maximum lithiation of 20 nm. Thus the 
nanocrystalline WO3 thin films exhibited a good degree of 
optical modulation and found to be more efficient in the near 
infrared region than in the visible region.  

 
4. CONCLUSIONS: 
 
The WO3 thin films were deposited on ITO coated glass 
substrates by pulsed laser deposition technique. The XRD 
results suggested that the WO3 thin films deposited in the 
temperature range 573-673 K were found to be 
nanocrystalline with predominant (002) orientation 
exhibiting triclinic structure. The surface morphological data 

Ts = 773 K 



reveals that the films are composed of roughly spherical 
crystallites with the dimensions in the range 50-80 nm. Upon 
the maximum lithiation of 20 nm, the nanocrystalline WO3 
thin films exhibited a high degree of optical modulation and 
found to be more efficient in the near infrared region than in 
the visible region.  
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ABSTRACT  
   

In this paper, we examine theoretically the recent data and  the key questions to establish the upper 
limit performance that might be achievable for single and multi walled  carbon nanotube field-effect 
transistors (CNTFETs)1. Device performance characteristics of CNTFETs are significantly above those of   
Si MOSFETs have recently been reported. CNTFET technology is still at an emerging stage, device 
structures are still shrinking and the device physics is still relatively explored.  
 
INTRODUCTION 
     
     In 1959 there was a famous lecture on “There 
is plenty of room a bottom” by Nobel Prize 
winning Physicist Richard Feynman meant to 
stimulate new discoveries and capabilities at the 
atomic and molecular scale. Till the discovery of  
advanced microscopes not much happened in the 
analysis of atomic scale. During the last decade 
nanotechnology related research progress.  
 The first report of single-walled carbon 
nanotubes (CNTs) in 1993 have been the subject 
of intense interest for basic and applied research. 
CNT is a tubular form of carbon with a diameter 
as small as 1nm1. There are two main types of 
CNTS, single-walled carbon nanotubes 
(SWCNT) and multi-walled carbon nanotubes 
(MWCNT).Carbon nanotubes are sheets of 
graphene (a semi-metal) rolled into a tube2. 
Depending on the way the sheet is rolled up the 
CNT may be metallic or semiconducting. Interest 
in carbon nanotubes is driven by their 
exceptional electronic, optical, thermal, and 
mechanical properties. Semiconducting 
nanotubes are direct bandgap semiconductors 
with EG ˜ 0.8/D eV,  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
where D is the nanotube diameter in nanometers. 
 Typical diameters are 1-2nm, and the resulting 
bandgaps are suitable for room temperature 
electronics. Low-field transport is near-ballistic 
with mobilities as high as ~100,000 cm2/V-s 
(corresponding mean-free-paths greater than 1 
µm). The direct bandgap means that they are 
optically active, so optoelectronic devices are 
possible. The conduction and valence bands are 
mirror images, which is advantageous for 
complementary circuits. 
 When the first carbon nanotube field-effect 
transistors (CNTFETs) were reported in 1998, it 
was not even clear how they functioned, but 
subsequent progress has been rapid. CNTFET 
device physics is now rather well understood, 
and sophisticated transistor structures with high-
performance operation are now being reported. 
Our purpose in this paper is to review the current 
understanding of CNTFET device characteristics 
and to discuss issues and possibilities for future 
CNTFET technologies. 



      
BASIC STRUCTURE AND 
CHARACTERISTICS OF CNTFET 
 
CNTFETs are electronic devices that use CNTs 
as their semiconducting channels. A Si substrate 
is oxidized and a nanotube is placed on this 
insulating SiO2 layer. For research purposes, this 
is often done by spreading CNT solution on the 
oxide. Using SEM, the placed nanotubes and 
placing are located. Following this step, the gate, 
source contact electrodes are formed 
accordingly. Early CNTFETs were fabricated on 
oxidized silicon substrates with a back-gated 
geometry and a thick SiO2 layer that resulted in 
poor gate control of drain current. The use of a 
top-gated geometry, produced immediate 
performance improvements.  

Fig 1. Earlier CNTFETS with the Si substrate 
used as the gate. Tox is 150nm thick. 
     In the earlier CNTFETs the insulating oxide 
layer was used as the gate oxide and the Si 
substrate was used as the gate terminal of the 
device5. Due to their thick gate oxides, these 
devices had low gate control over the device. As 
the source and drain terminals, the nanotubes are 
contacted at two points (not necessarily the end 
points of the tube) using two metal electrodes. 
Commonly used electrode metals include Ti, Ni, 
Al, Au etc. Titanium, which forms metal-carbide 
bonds with the CNT, yields a lower contact 
resistance than other metals. Note that the 
transistor in Fig1 exhibit p-type behavior. The p-
type character observed in case of CNTFETs is 
not a result of a certain doping level in the 
nanotube. It is a result of the barriers at the 
source and drain/nanotube interfaces3. This 
pFET can be turned on at more modest voltage 
levels (Vt~=-0.5V). Hence it is more suitable for 
lower voltage operation. The source and drain 
electrodes of this device are also Ti for its low 
resistivity. N-type FETs can be obtained by 
treating the device at high temperatures. During 
this treatment absorbed oxygen is driven off 
from the source and drain contact regions. This  

 
 
 
 
shifts the Fermi level at the contacts and 
effectively lowers the barrier for injection of 
electrons. 

 
Fig2 Id-Vgs curves of the p-type CNT 
transistor 
 
 Fig2 shows the Id-Vgs characteristics of such a p-
FET device. As seen, the threshold voltage is 
around   -15V. 
 

 
Table 1 Comparison of device parameters for a 

260nm long CNTFET against state of the art Si 
MOSFETs. Gate overdrives are set at –1V for Ion 
calculations 6 

 
The top-gate electrode CNTFET is compared 
against two silicon transistors. The first transistor 
compared against is a p-type bulk Si MOSFET 
with 15nm gate length6. The second device is a 
50 nm gate length-p-type SOI transistor. For 
comparison, the current handling capacity of the 
CNFET is normalized to its width i.e. diameter 
of the nanotube.  
 
 

 CNFET 15nm bulk 
Si 
MOSFET 

50nm 
SOI 

Lg(nm) 260 15 50 
tox(nm) 15 1.4 1.5 
Vt(V) -0.5 -0.1 -0.2 
ION( ìA/ ìm) 2100 265 650 
IOFF(nA/ ìm) 150 <500 9 
S(mV/dec) 130 ~100 70 
G( ìS/ ìm) 2321 975 650 



 
 
Fig 3 (a) Cross section of a more recent 
CNFET device. (b) Id Vds output 
characteristic of a top-gate p-type CNFET. 
The inset displays the Id-Vgs graph.  
Fig 3(a) and 3 (b) shows the cross section of 
more recent CNTFET device and Id-Vds output 
characteristics of a top gate P- type CNTFET.   
From the fig 2 and 3 (b) we determined the 
transconductance and other parameters using the 
following formulae. 
Transconductance (gm = dIds/dVgs|Vds) of 0.34 
µS and subthreshold swing (S = ln(10) 
[dVgs/d(ln(Ids))]) of 130 mV/decade, which was 
a significant  improvement in device 
performance. Later the incorporation of high - 
dielectrics in a top-gated structure produced even 
better device characteristics. Fig 3(a) and 3 (b) 
shows the cross section of more recent CNTFET 
device and Id-Vds output characteristics of a top 
gate P- type CNTFET.  
 
Due to the presence of Schottky Barriers (SBs) at 
the metal semiconductor interfaces, CNTFET 
can also be thought to resemble a SB-MOSFET, 
which at the low drain voltage Vds, shows 
exponential rather than linear current increase 
with Vds. However the major difference between 
a silicon SB-MOSFET and a CNTFET is the 
much thinner barrier that exists in case of the 
CNTFET. Therefore there is no exponential 
behavior observed for low Vds values 7. 
The take way message is that even though the 
existence of Schotky Barriers make the 
underlying carrier transport mechanisms  

different, due to the very thin nature of these 
barriers, the CNTFET Id-Vds curves shows great 
similarity to those of bulk Si MOSFETs. 
 
CONCLUSIONS 
     
 The SWCNTFET and MWCNTFETs have high 
mechanical and thermal stability and high 
current densities as high as 109 A/Cm2 . From the 
Id  -  Vgs  curves we determined the value of 
transconductance     gm = 0.34 micro seconds and 
the drain resistance rd =30 K�, From the a bove 
two parameters, the value of amplification factor  
is found to be ( ì)=0.0102.  The CNTFETS are as 
good as or better state-of-the art silicon devices 
and significant improvements should be 
expected in the near future. The CNTFET Id-Vds 
curves shows great similarity to those of bulk Si 
MOSFETs. The I-V studies of CNTFETS are 
very useful for manufacturing the CNTFET 
Logic gates,  Nano Electro Mechanical Systems 
(NEMS), Advanced Cell Phone batteries and 
also in SOC technology. CNFETS are new 
devices with outstanding electrical properties. 
Hence the current handling performances and 
transconductances of the two devices (MOSFET 
and CNTFET) can be meaningfully compared. 
Recent demonstrations of CNTFETs and circuits 
suggest that these devices could play a 
significant role in future electronics systems.  
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ABSTRACT: 

The results of the studies carried out on the synthesis and characterization of CdS nanoparticles in a Polyvinyl Alcohol 
(PVA) matrix are presented.  Polyvinyl alcohol is a water-soluble synthetic polymer with excellent film    forming, 
emulsifying, and adhesive properties. PVA was soaked in double distilled water and allowed for swelling overnight. With 
constant stirring with a magnetic stirrer, a transparent viscous solution of PVA is obtained. Aqueous solutions of Cadmium 
acetate and Sodium sulphide at different concentrations were taken as precursors for the synthesis of CdS   nanoparticles. 
Mercaptopropionic acid was used as a stabilizer to prevent the flocculation of the particles as well as to control the size of 
the nanoparticles. The precursors and the stabilizer were mixed in proper proportions and added into the polymer solution 
with vigorous stirring using a magnetic stirrer.  The viscous solution was spread on a glass plate and air-dried to obtain a 
film of about 0.2 mm thickness. Optical absorption studies were carried out on the CdS particles in the polymer films 
using a Shimadzu UV-VIS- NIR Scanning Spectrophotometer. The blue shift of the   absorption   edge     indicated   the 
formation of CdS particles in the nanometer size regime. The particle sizes were estimated using the band gap values 
obtained from the optical absorption studies using Effective Mass Approximation (EMA).   X - Ray diffraction studies of 
the samples were carried out with BRUKER D8 Advance X ray Diffractometer using Cu Ká radiations.  As the precursor 
concentration was decreased, an increase in the band gap value and hence a decrease in the particle size was observed.  
 
Keywords:   Polymer matrix, CdS nanoparticles, Optical absorption, X ray diffraction. 
 
 
INTRODUCTION 
 
Nanocrystalline II – VI semiconductors have been studied 
in different host media such as polymers1, glass2 and 
zeolites3.  Polymers are considered as good host materials 
because they can be designed to yield a variety of bulk 
physical properties and they normally exhibit long-term 
stability and possess flexible reprocessability 4.  Yang Li et 
al 5 have reported the preparation of high quality CdS 
nanocrystallites in Polystyrene beads with good 
luminescence, which could be used in optical and 
biological probing. Schaper6 has described PVA as an 
additional material for consideration as a template for 
nanofabrication, which can be an alternative to quartz and 
silicon. Presence of many discrete energy levels in CdS 
quantum dots embedded in PVA Matrix using optical 
absorption spectroscopy has been reported by Mohanta et 
al. 7 
 
EXPERIMENTAL: 
 
A transparent viscous solution of PVA is prepared in 
double distilled water. Aqueous solutions of the 
precursors, Cadmium acetate and Sodium sulfide were 
prepared in six different concentrations as given below. 
      C1 = 0.001 M;    C2 = 0.005 M;      C3 = 0.01 M; 
      C4 = 0.020 M;    C5 = 0.025 M       C6 = 0.05 M;  

Mercaptopropionic acid (MPA) at a fixed concentration of 
0.1 M is the additive used to control the growth of the 
particles and also to prevent agglomeration of the particles. 
The aqueous solutions of Cadmium acetate and MPA were 
mixed and added to the polymer solution at 70oC with 
constant stirring with a magnetic stirrer. Aqueous solution 
of Sodium sulphide was added slowly into the mixture and 
stirred well. Samples were prepared with the six different 
precursor concentrations mentioned above with a constant 
stabilizer concentration of 0.1M and a fixed concentration 
of PVA solution (2g.wt%). Stirring is continued until a 
thick viscous solution is obtained which is air-dried to get 
polymer film of thickness 0.2 mm. Optical absorption 
studies of these samples were carried out using UV-VIS-
NIR Scanning Spectrophotometer, SHIMADZU 3101 PC.  
For thermal study, about 4 mg samples were taken and 
were scanned at the rate of 10ºC / minute from room 
temperature to 250ºC in SHIMADZU DSC-50 Differential 
Scanning Calorimeter. X ray diffractograms of these 
samples were recorded using BRUKER D8 Advance 
 X- Ray Diffractometer. 
 
RESULTS AND DISCUSSIONS: 
 
The optical absorption spectra recorded for the CdS 
particles formed in the PVA matrix is depicted in figure 1. 
The absorption edge getting blue shifted can be seen in the 



figure, which is an indication of the formation of particles 
in the nanometer regime 8.  
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Fig 1. Optical absorption spectra at various concentrations.  
 
Henglein et al 9 and Wang et al 10  have reported the blue 
shift of the absorption edge with increase in the 
concentration of thiol stabilizer. The band gap values of 
the CdS particles formed were obtained from the linear fit 
for the plot of (híá) 2 versus (hí) by extrapolating the 
straight line to the energy axis.  The particle size d is 
calculated using the relation 
              Eg = Eg (0) + á /d â      (1) 
where Eg (0) is the band gap of bulk CdS  (2.42eV), á and 
â being constants. The value of â is 2 for effective mass 
approximation11. The data taken from Lippens and 
Lannoo12 for the relationship between band gap and 
particle size under EMA were fitted to the above relation 
and the values of á and â are obtained as 13 eV / nm2 and 
2 respectively. The chemical synthesis of CdS 
nanoparticles with the same precursors, Cadmium acetate 
and Sodium sulphide and MPA as the stabilizing agent and 
without using polymer was reported earlier13. The band 
gap and particle sizes of CdS nanoparticles formed in the 
PVA matrix and also without PVA at various precursor 
concentrations are given in table 1. 
 
Table 1: Band gaps and estimated particle sizes from 
              optical absorption studies. 
 

Band gap 
 (eV) 

Estimated 
Particle size 
(nm) 

Precursor 
concentra 
tions 
    (M)  With 

 out 
 PVA 

With 
PVA 
  

With 
 out 
PVA  

With 
PVA 

0.001 3.6 4.3 3.4 2.6 
0.005 3.0 4.2 4.7 2.7 
0.010 2.9 3.0 5.2 4.7 
0.020 --- 3.0 -- 4.7 
0.025 2.8 3.0 5.8 4.7 
0.050 2.7 2.8 6.8 5.8 

 
It can be seen from the table that the particle size of  
CdS  particles formed in the PVA matrix is smaller  

than the particles formed without PVA indicating that 
PVA controls the growth of CdS particles in it, in addition 
to the stabilizing action of MPA. 
Variation of particle size with precursor concentrations for 
the CdS nanoparticles formed in PVA matrix is   shown in 
figure 3. 
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Fig 3.  Particle size variation with precursor concentration. 
 
It is seen from the table and figure that the particle size 
decreases with the decrease in precursor concentrations.  
Figure 4 shows the DSC thermograms of pure PVA as well 
as the PVA embedded with CdS particles at a typical 
precursor concentration of 0.02 M. 
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Fig 4.       DSC thermograms of PVA without (a) and 
                  with CdS particles (b) 
 
A decrease in the melting point Tm from 190º C for PVA to 
184 ºC for PVA with CdS particles can be seen in the 
figure 4. It can also be seen that the area under the DSC 
curve for PVA with CdS particles is lesser than that for 
pure PVA.  The calculated enthalpy of pure PVA is 30.48 
J/g and for PVA embedded with CdS at a concentration of 
0.02 M is 17.35 J/g. The decrease in melting temperature 
and   enthalpy show the strong interaction between CdS 
nanoparticles and PVA14. Probably this interaction inhibits 
the crystallization and the lesser intense crystalline peaks 
were observed in the X ray diffractogram of the CdS – 
PVA composite samples as shown in figure 5. It can be 
seen from the figure that a strong peak is seen at a 2è value 
of 19.4º for PVA15 and a small peak at 28º for CdS 



particles with cubic structure. At very low precursor 
concentrations, two more peaks appear, one at an angle 
2è = 38º corresponding to Cadmium and another at 2è = 
58º for undissociated Na2S. At concentrations C3 and 
above these peaks are not observed as can be seen in the 
inset of figure 5, probably due to the complete dissociation 
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Fig 5       XRD at two typical precursor concentrations. 
 
of Na2S releasing S2- that combines with unreacted Cd2+ to 
give CdS particles. This effect can also be seen in the 
optical absorption spectra in figure 1 where the band gap 
decreases suddenly at concentration C3 and above. The 
particle sizes were calculated from the diffractograms 
using the well-known Scherrer formula16. The particle size 
estimated using equation (1) and the particle size 
calculated from Scherrer formula agree qualitatively. The 
broadening of the diffraction peaks as the precursor 
concentration is decreased can be seen in figure 6.  
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Fig 6.  XRD   peaks at two precursor concentrations. 
 
CONCLUSIONS: 
 
The following conclusions can be drawn from the results 
of the studies on CdS particles formed in a PVA matrix. 

1. CdS particles formed in PVA Matrix are in the 
nanometer regime with the particle size increasing 
with the increase in precursor concentration. 

2. CdS particles formed in PVA matrix are smaller 
than the particles formed without PVA indicating 
that PVA helps in stabilizing CdS particle size in 
addition to the stabilizing action of MPA.  

3. The strong interaction between the CdS particles 
and PVA, results in the decrease of Tm and 
enthalpy of the CdS - PVA composite. 

4. At low precursor concentrations, the CdS - PVA 
composite is Cd2+ rich with some undissociated 
Na2S. As concentration increases Na2S dissociates 
releasing S2- that combines with Cd2+ to give CdS. 
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ABSTRACT 

 
The nanometer-sized lead sulfide (PbS) semiconductor particles are prepared in Poly Vinyl Alcohol (PVA) by chemical 
colloidal route.  The surface of nano-particles is passivated by thiourea. The resultant nano-particles, before and after 
passivation are characterized by UV-Vis absorption spectroscopy and photoluminescence spectroscopy.  Luminescence 
measurements are carried out at room temperature, liquid nitrogen temperature and liquid helium temperatures. The 
experimental results showed that the synthesized nano-particles exhibited strong quantum confinement effect as the 
optical bandgap increased significantly compared to the bulk molecules. From the Photoluminescence studies of PbS 
nano-particles with and without capping, the role of Thiourea is discussed. 
 
 
 
1 INTRODUCTION 

 
     Semiconductor nanocrystallites are known to exhibit 
unique size-dependent optical properties, which render 
them attractive from the viewpoint of integrated 
photonic devices.  Quantum confinement effects are 
particularly important, if the crystalline dimension is 
less than a critical size known as the exciton Bohr radius 
of the material1, 2.  Controlled variation of 
nanocrystalline size results in remarkable changes in 
properties from molecular to bulk.  Blue shift in the 
optical absorption spectrum, size dependent 
luminescence, enhanced oscillator strength, nonlinear 
optical effects are some examples of the interesting 
properties exhibited by these nanocrystals.   
     Due to the small size of nanocrystals and hence their 
relatively large surface to volume ratio, the effect of 
nanocrystal surface on the charge carriers cannot be 
neglected3.  In practice the surface properties must be 
modified in some way in order to both control 
nanocrystal growth4-6 and reduce or prevent the charge 
carriers interacting with the surface, thus realizing 
effective quantum confinement.  Surface passivation 
with various organic ligands7-9 or epitaxial overcoating 
with a wide-bandgap semiconductor10-13 can be used to 
enable efficient radiative recombination of charge 
carriers. 
    PbS is the major ore mineral of lead and an important 
semiconductor.  Bulk PbS is directgap semiconductor 
with a bandgap of 0.41eV and an exciton Bohr radius of 
18nm14.  The small bandgap and large exciton Bohr 
radius make PbS an interesting system for studying the 
effect of size confinement since it is relatively easy to 
make particles with size smaller than 18nm which 
would be expected to exhibit strong quantum size 
confinement effect.  PbS nanoparticles got applications 
in light-emitting diodes15, optical switching devices16, 
also PbS quantum-dot doped glasses can be used as 
saturable absorbers for mode locking of a Cr: Foresterite 
laser17. 
     PbS nanoparticles have been synthesized using a 
number of surface capping agents18, 19 like Poly Vinyl 

Alcohol (PVA), Poly Vinyl Pyrrolidone (PVP), gelatin, 
DNA, Poly Styrene (PS), and Poly Methyl Methacrylate 
(PMMA).  In this article we have synthesized the PbS 
nanoparticles in PVA by chemical colloidal method.  
Sample#1 is prepared without thiourea capping and 
sample#2 is prepared with thiourea.  Photoluminescence 
(PL) results clearly indicated that the surface of the PbS 
nanocrystals was passivated by thiourea. 
 
2 EXPERIMENTAL PROCEDURE 
 
    PbS nanocrystals are synthesized by chemical 
colloidal method.  D.I water is used throughout the 
experiment.  5% of PVA solution is prepared in a flask 
by dissolving 5 gm of PVA in 100ml of water.  1×10-2M 
solutions of both lead acetate and sodium sulphide are 
prepared in separate flasks by dissolving requisite 
amount of both the substances in water.  5% PVA 
solution and the 1×10-2M lead acetate solution are 
mixed such that the final concentration of lead acetate 
becomes 2×10-3M and 4% PVA solution mixture is 
formed.  Similarly 1×10-2M sodium sulphide and 5% 
PVA are mixed to make the concentration of sodium 
sulphide to 2×10-3M in 4% PVA.  Then the solution was 
stabilized for 2 hours.  Equal amount of both solutions 
pipetted and added carefully in a beaker in a dropwise 
manner with rigorous stirring.   Brown colour solution 
appears indicating the formation of PbS particles.  The 
solution was casted on a thoroughly cleaned quartz glass 
slide and dried at room temperature.  These casted films 
are used for the absorption and luminescence 
measurements.  Thiourea coated PbS nanoparticles were 
prepared in the same manner as above.  Thiourea is 
added to lead acetate before adding the sodium sulfide 
solution. In the present experiment lead acetate to 
thiourea concentration is maintained at 1:3. 
    UV-Vis absorption measurements were carried out by 
Bruker IFS 66v/s Vacuum Fourier Transform Optical 
Absorption Spectrometer and Photoluminescence 
measurements were carried out by MIDAC FTPL 
Spectrometer.  The PL was excited by 514.5nm line of 
Ar-ion laser.  PL measurements were carried out from 
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room temperature to liquid helium temperatures. 
 
 3 RESULTS AND DISCUSSION 
 
    UV-Vis absorption spectrum for the sample#1 is 
shown in Fig.1.  
 

600 800 1000 1200

0.0

0.5

1.0

1.5

2.0

2.5

ab
so

rp
ti

o
n

(a
rb

.u
n

it
s)

Wavelength(nm)
Fig.1  Absorption spectra of PbS nanoparticles in 4%PVA 

From fig.1, the blue shift in the absorption onset around 
700nm (for bulk absorption starts around 3000nm) is 
clear indication of the strong quantum confinement i.e., 
the nanoparticle formation. Pure PVA is transparent and 
it doesn’t have any absorption peaks in the above 
region.  PbS-PVA nanoparticles synthesized by other 
groups18, 20-22 exhibited exciton absorption peaks around 
300, 400 and 600nm corresponding to 1Se-1Sh, 1Se-1Ph 
and 1Pe-1Ph transitions, respectively.  In our case, we 
didn’t see these excitonic features might be due to the 
size distribution in the particle size.  Long tail towards 
the higher wavelengths indicates the particle size 
distribution.  The optical absorption data of the spectra 
have been analyzed from the following equation. The 
optical band gap is estimated from the direct bandgap 
absorption relation23,  

  ( )gh K h Eα ν ν= −  

Where á is the absorption coefficient, hí is the discrete 
photon energy, K is a constant and Eg is the gap energy 
between the conduction and valance band of the 
nanoparticles.  The value of the absorption coefficient 
can be calculated by the following equation23 

  0

log
1 1

log log

tI

I A

t e t e
α

−
= =  

in which t is the thickness of the sample, It and I0 are the 
intensities of transmitted and incident light and A is the 
absorbance of the samples in UV-Vis measurements.  
From the plot of (áhí)2 against hí, the average bandgap 
of the particles is estimated to be 1.9eV.  Using the 
hyperbolicband model24 the average particle size is 
estimated to be 4nm.    
     Photoluminescence spectrum for the sample#1 at 
different temperatures is shown in fig2. From fig.2, at 
liquid helium temperature (4.2oK) three PL bands at 
0.96, 1.1 and 1.36eV are observed.  At room 
temperature (300oK) only a broad band at 1.01eV is 
observed.  At 120oK these bands are not clearly 
resolved.   From the absorption measurements the 

average bandgap energy is estimated around 1.9eV, PL 
band positions indicating that these are due to transitions 
between midgap states.  The PL band at 1.1eV is already 
known in the literature and assigned to surface states19.   
    It is well known that surface states play an important 
role in semiconductor nanocrystals.  They form midgap 
states in the bandgap of the nanoparticles and may give 
the red-shifted trap-related luminescence.  So in order to 
understand the spectral features we have carried out the 
surface passivation by thiourea.  The PL results after 
preparing the PbS nanoparticles using thiourea is shown 
in fig.3.   
 

From fig.3, the disappearance of 1.1eV and 1.36eV 
bands indicates that their origin is surface states.  The 
possible explanation for this is, the atom of S in the 
thiourea can effectively chelated with Pb2+ and might 
have the following structure similar to CdS25 
      
      NH2

+ 
  Pb-S-C 
        NH2 
After the PbS nanoparticles passivated with thiourea, the 
surface of nanoparticles is positive, which prevents the 
nanoparticles from aggregation.  We are assigning the 
bands at 1.1eV and 1.36eV the excess of sulfur at 
surface. Since lead acetate is weak electrolyte, more 
sulfur atoms sit on the existing Pb2+ ions.   
     At present the origin of the band at 0.96eV(4.2oK) is 
unknown and not reported in literature.  For complete 
understanding, we have to carryout the experiments at 
different thiourea concentrations and also 
Photoluminescence measurements at different excitation 
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Fig.2 PL spectra of PbS nanoparticles without thiourea
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wavelengths.  Also TEM measurements were necessary 
to understand the size distribution and the bandgap of 
the particles.   
 
4 CONCLUSIONS 
 
We have synthesized the PbS nanoparticles in Poly 
vinyl Alcohol.  Absorption measurements clearly 
indicate the strong quantum confinement effect.  
Photoluminescence was dominated by defect related 
transitions.  PL results clearly indicate the surface 
passivation by thiourea.   
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Abstract 
                 
                                  The dependence of loss tangent (tanä) on temperature and frequency has been reported for Sodium 
Lithium trititanate (Na1.9Li0.1Ti3O7) ceramic. The losses are the characteristic of dipole mechanism and of electrical 
conduction. The dependence of dielectric constant (å’) on temperature and frequency has further been reported for the 
same sample. The dependence of dielectric constant (å’) on frequency and temperature indicates the presence of less 
aligned electric dipoles in the interlayer space in the lower temperature range. The rise in temperature furnishes the 
orientation as well as dissociation of dipoles. For further rise in temperature, the degree of orderliness of their 
orientation is diminished. The existence of broad peak at 598K may be due to the possible ferroelectric phase transition 
in dielectric constant versus temperature plot.  
 
PACS Codes: 71.20.Ps, 77.22.d, and 77.22.Gm 
Key words: Layered Ceramics, Dielectric Constant, Loss tangent 
 
Introduction 
 
               Layered compounds exhibit highly 
anisotropic structural and elastic properties. They are 
characterized by rather rigid layers, loosely stacked 
together perpendicular to each other and can be 
intercalated with other chemical species.[1] Trititanates 
nanotubes made by single alkali treatment.[2] The 
crystal structure of more than ten sodium titanates were 
established while the Na2Ti3O7 phase was among the 
first to be synthesized and structurally studied.[3] 
Electrical studies in some alkali titanates have been 
reported by Shripal et al.[4] The sodium titanates 
Na4TiO4 á,â-, and ã-Na2TiO3, Na8Ti5O14,Na2Ti3O7 and 
Na2Ti6O13, all of which can be synthesized in the 
temperature range 800o to1200oC have been 
characterized by x-ray diffraction(XRD) and Raman 
spectroscopy.[5] The phase composition of NaXMXTi8-

XO16 (M=Al,Ga,In) materials was studied by x-ray 
diffraction.[6] A total of about 130 phases (mostly non-
stoichiometric), including a dozen of  sodium 
titanates[7-15] are known . Recently, the crystal 
structure of Na2Ti3O7 has been refined by O. V. 
Yakubovich and V.V. Kireev.[16] Shripal et al. have 
reported the dielectric-spectroscopic and a. c. 
conductivity studies of pure and manganese doped 
Na2Ti3O7.[17,18] Since orbital overlap is crucial for 
electrical conduction, it is important to take into 
consideration the joining nature of the octahedral. In 
case of the layered pervoskite structure, corner-sharing 
of octahedral is spread over two directions.[19,20] The 
zigzag layer titanates  are composed of TiO6 distorted 

octahedral. The position of titanium ion deviates from 
the center of gravity of surrounding oxygen ions and so 
gives rise to a dipole moment.[21]The zigzag layer of 
Na2Ti3O7 has been shown to exhibit three dipole 
moments, 5.0, 5.8, 6.2D.[21] EPR and electrical studies 
in layered Na1.9Li0.1Ti3O7and its Copper  and 
manganese doped derivatives have been reported by 
Dharmendra Pal et al. [22,23] 
No attempt has been made through dielectric-
spectroscopic studies of pure Sodium Lithium 
trititanate. In the present paper we study about the 
dielectric-spectroscopic studies of pure Na1.9Li0.1Ti3O7 
ceramics. 
 
Experimental 
 
              The ceramic sample Na1.9Li0.1Ti3O7 (denoted 
as SLT) has been synthesized using sintering process. 
The method of preparation of palletized ceramic 
samples is similar to that reported earlier in the 
literature.[23] XRD-patterns for all the compositions 
were collected by Iso-Debyeflex 2002, Richseifert and 
Co. differactometer using CuKá radiation generated at 
30 kV and 20 mA. The formation of this titanate is 
confirmed by the XRD-patterns obtained at room 
temperature (RT). 
            The flat faces of the sintered pellets were 
painted with an air-dried high purity silver paste and 
then mounted in the sample holder evacuated up to 10-3 
mbar for the electrical measurements. The loss tangent 
(tanä) and parallel capacitance (Cp) of the palletized 
samples were directly measured as a function of 



temperature and frequency by the HP 4194A 
impedance analyzer.  
Results and discussion 
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Fig.1 Loss tangent(tanä) versus temperature 
 
 
                Fig.1 shows the dependence of loss tangent 
(tanä) on temperature in the temperature range of 373-
773K at some fixed frequencies for SLT, MSLT-1, 
MSLT-2 and MSLT-3. From these plots it can be seen 
that the value of dielectric constant (tanä) remains 
invariant with rise in temperature up to 523K for SLT. 
The rate of increase of tanä with temperature in the 
high frequency range decreases with increasing 
frequency. The increase of dielectric loss may be due 
to space charge polarization [24] which can be 
explained by using Shockley-Read mechanism.[25] 
The general increase of tanä with temperature can be 
explained by assuming that the number of ions that 
takes part in relaxation polarization continuously grows 
with rise in temperature.[28]  
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Fig.2 Loss tangent(tanä) versus frequency 

 
Fig..2 shows the dependence of loss tangent (tanä) on 
frequency in temperature range 373-773K for SLT. 
The curves show that at lower temperatures tanä 
decreases gradually when frequency increases but at 
higher temperatures, tanä decreases exponentially with 
the rise in frequency. This may be due to dipole 
mechanism of losses [27] along with the losses due to 
motion of bound ions i.e. due to electrical 
conduction.[26] 
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 Fig.3 Dielectric constant(å’) versus temperature 
 
                   Fig. 3 shows the variation of dielectric 
constant (å’) with respect to temperature at some fixed 
frequencies. It can be seen that dielectric constant (å’) 
increases rapidly for SLT with temperature upto 573K 
then a broad peak appears at 598K and finally increases 
with the rise in temperature. These results can be 
explained by assuming that a microstructural phase 
change exists between these temperatures. The 
existence of broad peak may be due to the possible 
ferroelectric phase transition. The remaining variation 
of all the curves can be easily explained by proposing 
that the dipoles are not aligned in the low temperature 
region so when the temperature raises the orientation of 
dipoles is facilitated and this increases dielectric 
constant. As the temperature grows the chaotic thermal 
oscillation of molecules are intensified and degree of 
orderliness of their orientation is diminished. This 
causes the curves of dependence of dielectric constant 
to pass through the maximum and then drop. 
                Fig .4 shows the variation of dielectric 
constant (å’) versus frequency curves for SLT and its 
manganese doped derivatives at various temperature. 
The curves have the same nature for SLT. The value of 
dielectric constant (å’) is lower at higher frequency. All 
these curves have the same nature as for polar 
dielectrics. It is reported [27,28] that when the 
frequency of alternating voltage increases the value of 
dielectric constant of polar dielectric remains 
invariable but beginning with a certain frequency (fo) 



when polarization fails to settle itself during one half 
period, dielectric constant (å’) begins to drop 
approaching to very high frequencies the values to 
nonpolar dielectrics. Dielectric dispersion is seen for 
this compounds. 
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Fig.4 Dielectric constant(å’) versus frequency 
 
 
 Conclusions   

1. Dielectric-Spectroscopic investigations show 
the presence of dipole mechanism of losses 
along with the losses due to the motion of 
loosely bound ions and space charge 
polarization at higher temperature. 

2.  The possible ferroelectric phase transitions at 
598K for Sodium-Lithium trititanates 
indicating the ferroelectric behavior have been 
identified.   

3. Layered Sodium Lithium trititanates 
(Na1.9Li0.1Ti3O7) ceramic can be put in the 
class of mixed ionic-electronic materials. 
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ABSTRACT 

 
Sandwich structures of iron phthalocyanine chloride (FePcCl) thin films using aluminium (Al) and gold (Au) electrodes 
have been prepared by thermal evaporation. Device characteristics of Al/FePcCl/Au are performed and found to show 
rectification properties. The basic diode parameters of the device are determined. The electrical conductivity has been 
measured. Current density-voltage characteristics under forward bias (aluminium electrode negative) are found to be 
due to ohmic conduction at lower voltage regions. At higher voltage regions there is space charge limited conductivity 
(SCLC) controlled by a discrete trapping level above the valance edge. The electrical parameters of oxygen doped and 
annealed samples in the ohmic and SCLC region are determined.   
 
 
 
1. INTRODUCTION 
 
Phthalocyanines (Pc) are a class of highly stable 
organic compounds, which are classified as p-type 
semiconductor characterized by low mobility and low 
carrier concentration1. The conductivity of these 
materials depends on the gaseous environment, and 
thus gas sensors based on phthalocyanines have 
recently attracted considerable interest2. Oxygen is 
found to have a very large influence on the 
photovoltaic behaviour of phthalocyanine-based 
junctions3. The object of this paper is to study the 
effect of oxygen on the electrical conductivity of 
FePcCl sandwich structure using gold and aluminium 
electrodes.   
 
2. EXPERIMENTAL TECHNIQUES 
 
Sandwich samples are prepared by thermal evaporation 
at a base pressure of 10-4 Pa onto pre-cleaned glass 
plates coated with evaporated gold electrode. The 
thicknesses of the films are measured using the 
Tolansky’s multiple beam interference technique. The 
thicknesses of the samples are in the range 400-675 
nm. The rates of deposition are typically 0.5 nms-1. The 
area of each sample studied is 1.2 x 10-5 m2. Before 
evaporating the top aluminium electrode one film is 
kept exposed to dry air for 20 days and another 
annealed in air at 473 K for 3 hours in a furnace 
attached to a programmable temperature controller. 
Sample currents are measured using a stabilized power 
supply and a Keithley electrometer (model No.617). 
Capacitance measurements performed using a Hioki 3532 
LCR Hi-tester. 
 
3. RESULTS AND DISCUSSIONS 
 
Typical I-V characteristics of Al/FePcCl/Au is shown 
in Figure. 1. The forward bias direction corresponds to 
the situation when the bottom gold electrode is 
positive. The space charge region is detected in the I-V 
plots by giving rise to a rectification effect. The 

rectification observed is due to the blocking contact or 
a Schottky barrier which is formed at the Al/FePcCl 
interface. This behaviour can be explained by the low 
work function of Al and high work function of Au and 
by the p-type conduction of FePcCl4,5.  
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Figure.1 I-V characteristics of Al/FePcCl/Au depositd 
at room temperature 
 
The rectifying behavior of a schottky barrier diode is 
assumed to follow a standard thermionic emission 
theory for conduction across the junction. Based on 
this theory the current voltage relationship can be 
expressed as 
        
               J = J0 ( exp(eV/nkT) – 1)   
 
J0 is the saturation current density, n the diode ideality 
factor. Figure 2 shows the ln J versus V plot for the 
Au/FePcCl/Al diode.  
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Figure. 2    ln J versus V for FePcCl 
 
From the figure it is clear that a linear relationship exist 
for small-applied voltages and for large-applied 
voltages the graph deviates from linearity. From 
figure.2 the basic diode parameters J0 and n are 
obtained to be 1.93 x 10-3 (Amp/m2) and 1.11 
respectively.  
Figure. 3 shows the dependence of capacitance C on 
the reciprocal film thickness, 1/d for FePcCl. Here the 
capacitance measurements are made at 1 KHz. The 
linearity of the plot can be analyzed in terms of the 
capacitance of a parallel plate capacitor  
 

C = å A /d   

where å is the permittivity of phthalocyanine layer, A is 
the area (1.2 x 10-5 m2) and d is the thickness of the 
sample. The value of εε is estimated from Figure. 3 and 
found to be 4.064 x 10-11 Fm-1. 
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Figure.3  Capacitance versus  1/d  for FePcCl  

The forward J-V characteristics of oxygen doped and 
annealed Al/FePcCl/Au structures are shown in Figure. 
4. The main feature of this figure is that the current 
density of O2 doped sample is significantly higher than 
those for the annealed samples. This lowering indicated 
that the annealing process has resulted in the removal 
of considerable quantities of oxygen acceptor 
impurities3,6.  
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Figure.4  ln J versus ln V for Al/FePcCl/Au 

In these J-V characteristics, two distinct regions can be 
identified. At low voltages, the slope of ln J versus ln 
V plot is approximately unity. These plots suggest 
ohmic conduction at low voltages. Assuming 
conduction is via holes, the current flow may be 
expressed in the form 
 

J = e p0 ìp (V/d)      
 

From the temperature dependence of (J/V) the values 
of (Ef – Ev), the separation of Fermi level from the 
valence band edge, ìp , the hole mobility and p0  
concentration of holes are calculated for the oxygen 
doped and annealed samples and are tabulated in 
Table.1.  
 
Table.1 
Variation of electrical parameters in the ohmic region 

Sample             Ef – Ev (eV)      ìp(m
2V-1s-1)     p0(m

-3) 

Oxygen doped    0.64            3.38 x 10-6  5.2 x 1018 

Annealed            0.69             2.72 x 10-6  5.3 x 1018 

   
In the higher voltage regime of the J-V 

characteristics (Figure. 4), the slope of ln J versus ln V 
plot is approximately equal to 2, which shows that 
current is SCLC controlled by the relationship7 

 
J = ( 9/8 ) å ìp è (V2 / d3)    

 
Where è is the is the ratio of free to trapped charge 
carrier density or trapping factor given by  
 

è = (Nv / Nt ) exp [-(Et – Ev) / kT] 
 
where Nt is the total trap concentration at the energy 
level, Et – Ev is the activation energy of hole traps. 
Figure. 6 shows ln (J/V2) versus 1000/T for the oxygen 
doped and annealed FePcCl thin films. 
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Figure.5  ln (J/V2) versus 1000/T for Al/FePcCl/Au 

 

The electrical parameters for Al/FePcCl/Au in the 
SCLC region are obtained from figure 5 and are given 
in Table 2. 
 
Table.2  

Variation of electrical parameters SCLC region 

Sample             Ef – Ev (eV)      Nt (m
-3)   è 

Oxygen doped      0.60      4.18 x 1023     2.03 x 10-7 

Annealed              0.69      4.62 x 1023     7.66 x 10-9 
 

The activation energy Et-Ev  is found to increase when 
the samples are annealed in air. This may be due to an 
intrinsic activation process, which probably results 
from the removal of impurities during annealing 
process8.  
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ABSTRACT 

 
The optical absorption spectra of thermally evaporated titanium phthalocyanine dichloride thin films have been studied. 
The optical band gap have been investigated using spectro -photometric measurements of absorbance in the wavelength 
range 300nm to 900nm. The absorption spectra recorded in UV-VIS-NIR region for the as-depositd and annealed 
samples shows two absorption bands, viz the Q- band and the Soret band. Both fundamental and the indirect energy 
gaps  decreases during annealing. Since the interactions of the molecules are of Vander Waals type, the re-arrangement 
of molecules alters the energy gap .The electrical conductivity studies are conducted in the temperature range 300K to 
525K. The electrical conductivity is plotted as a function of absolute temperature. The conduction mechanism is found 
to be hopping. The thermal activation energy is calculated in different cases and is observed to vary with annealing 
temperature. 
 
1 INTRODUCTION 
 
              The history of synthesis and study of 
properties of phthalocyanines(Pc’s) have been started 
since 1907 , the interest in their properties is still great 
because of their application in the field of opto-
electronics, sensors and molecular electronics 1,2,3.Pc’s 
are organic compounds exhibiting high chemical and 
thermal stability and can thus be sublimed without 
decomposition to form high quality thin film by thermal 
evaporation technique. Pc’s form stable combination 
with many metal atom. The planar Pc molecule consists 
of four isoindole units linked by nitrogen atoms and 
surrounding two hydrogen atoms4. Metal Pc’s (MPc) are 
formed when the two hydrogen atoms are replaced by 
single metal atom. The role of metal is of interest in 
several fields of Pc application such as dyes,pigments, 
photocopying agents5 in photovoltaic energy 
conversion, electrochemical reduction processes6. 
Although there is evidence that halogenated MPc’s 
exhibit similar properties as that of MPc’s, only very 
few studies have been reported so far. The halogenated 
Pc’s exhibit remarkable morphological and thermal 
stability over a larger temperature range compared to 
unhalogenated Pc’s 7. One of major advantage of using 
organic semi-conducting material is their ability to 
modify their molecular structure and hence their 
electrical and optical properties. Since the discovery of 
Pc’s , a great effort has been made to study the optical 
and electrical properties of Pc’s and associated 
compounds8,9.It is reported that the central metal atom 
of phthalocyanines influences the optical absorption 
spectrum6. It is observed that the electrical and optical  

 
2.EXPERIMENTAL DETAILS 
 
               Spectroscopically pure TiPcCl2 powder with 
a purity of 95% supplied by Aldrich Company (USA) is 
used as the source material for the preparation of thin 
films .Thin films of varying thickness are prepared by 
vacuum sublimation from a resistively   heated 
molybdenum boat using a Hind Hi-Vac coating unit. 
Films are deposited onto thoroughly cleaned rectangular 
glass substrate of dimension 4x1.2x1.3mm at room 
temperature at a pressure of 10-5 Torr. The thickness of  
the films are measured by Tolansky’s multiple beam 
interference technique12Thin films prepared at room 
temperature has been annealed at different temperature 
for one hour in a furnace and the temperature  is 
controlled by a  programmable temperature controller. 
UV- Visible absorption spectra are recorded using a 
Shimadzu 160A UV-Visible Spectro-photometer. The 
absorption edge is analyzed to get the optical band gap 
of TiPcCl2 . 
             Electrical conductivity measurements are 
performed using a programmable Keithley electrometer 
[model No. 617]. Thin copper strands are fixed by silver 
Paste as contact electrode and the films are mounted on 
the sample holder of the conductivity cell, which can be 
externally heated. The electrical conductivity studies are 
done  at a pressure of 10-3 torr to avoid the possible 
contamination in the temperature range 300K to 525 K 
and the resistance is measured. The temperature is 
monitored by a Chromel- Alumel thermocouple

Properties of Pc's depend on film morphology, which in 
turn is determined by preparation parameters such as 
deposition rate, substrate temperature and post-
deposition annealing1011Out of The halogenated MPc's 
Titanium phthalocyanine dichloride(TiPcCl2) has 
received less attention. In the present work we focus on 
the optical and electrical properties of TiPcCl2 thinfilms  
 

3 RESULTS AND DISCUSSION 
3.1Optical Studies :- 
                The optical absorption spectra of different 
thickness of TiPcCl2 thin films in the wavelength range 
300 to 900 nm  recorded using the Shimadzu 160A 
spectro- photometer . 
      



 

 

                 The spectra originate from the orbitals within 
the aromatic 18π electron system and from overlapping 
crystals on the central metal 13 There is an increase in 
the height of absorption peaks with increase in the film 
thickness while the wavelength corresponding to the 
peaks  remains the same. This shows unique structure of 
the film of different thickness14 
          The direct electronic transition from π to π* 
orbitals in the energy range 300 – 400 nm results in an 
intense band called B band (Soret band)  which gives 
the fundamental absorption edge, while the band that 
appeared in the energy range 600- 800 nm called Q 
band, gives onset energy 15,16 The fundamental 
absorption edge is analyzed within the framework of 
one electron theory of Bardeen et al17Using this theory, 
energy band gaps of a number of MPc’s have been 
found out8,18 The absorption coefficient α is calculated 
and for direct band to band transition  it is related to the 
energy band gap Eg and the photon energy hν by the 
relation                                                                     
         α= α0 (hν - Eg) 1/2  …………………(1) 
Graph of α2  Vs hν is plotted for as- deposited and air-
annealed samples of  TiPcCl2 thin film of thickness 130  
± 5 nm (Fig.1).A satisfactory linear fit is obtained for 
the graph α2  Vs  hν , which shows the evidence of the 
direct energy gap. The extrapolation of the straight line 
graph to α2  = 0 determines the optical band gap. The 
values of fundamental energy gap and the onset energy 
gap are measured  with an accuracy of ± 0.02eV. The 
values for as-deposited and air-annealed  film of 
thickness 130nm are determined and  are collected in 
table 1 
 

Annealing 
temperature (K) 

Fundamental 
energy 

gap(eV) 

Onset energy 
gap(eV) 

As-deposit 
373 
423 
473 
523 

3.09 
3.10 
3.09 
3.07 
3.05 

1.59 
1.51 
1.54 
1.36 
1.34 

Table 1. Values of Fundamental energy gap and onset gap of 
TiPcCl2 thin film(thickness=130nm) as a function of annealing 
temperature 
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 Fig.1 Optical absorption spectra of TiPcCl2 thin film of 
thickness 130nm annealed   at different temperatures    
        
The fundamental energy gap  and the onset energy gap 
are found to decrease with increase of annealing 
temperature. In metal Pc’s the central metal atom is in a 

position of nearest approach to nitrogen atoms in 
parallel molecules and this increases the orbital overlap 
between parallel pairs of molecules .Hence any crystal 
phase change would affect the energy gap between 
conduction and valence band . It is evident that there is 
only a slight variation in the band gap with the increase 
of thickness. 
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Fig 2.Photon energy dependence of  α2 for TiPcCl2 thin 
films(thickness=130nm) 
 
3.2 Electrical studies 
 
                            Semiconductivity measurements  
was originally observed in bulk Pc’s by Eley and 
Vartanyam 19,20.In due course these measurements have 
been repeated by many workers on different Pc films. In 
the case of Pc thin films, the electrical conductivity σ is 
expressed as 
         σ = σ0  exp (-E/kBT)………………………(2) 
        where σ is the conductivity at temperature T K, E 
is the thermal activation energy, kB is the Boltzmann’s 
constant and σ 0  is the pre exponential factor. The 
arrhenius plot (ln σ  Vs 1000/T ) yields a straight line 
whose slope can be used to calculate thermal activation 
energy. Fig.3 gives the plot of  Ln σ  Vs 1000/T for 
TiPcCl2 thin film of  different thickness. Figure 4 
givesthe plot of Ln σ  Vs 1000/T for TiPcCl2 thin film 
of thickness  700± 5nm before and after annealing to 
different temperature. There are two linear region for 
each graph, which gives two activation energies E1 and 
E2. The change in the slope and  hence the activation 
energy is because of the change from extrinsic to 
intrinsic conduction 16.The activation energies of as-
deposited samples of TIPcCl2 of different thicknesses is 
given in table 2. 
                         As the film thickness increases, the 
thermal activation energies decreases21. The thermal 
activation energy E1 in the higher temperature region is 
associated with the intrinsic conductivity. E2 is 
associated with impurity conduction ie, hopping through 
localized sites. It is suggested that freshly prepared thin 
films may contain different defects such as vacancies, 
grain boundaries and dislocations which may be 
partially annealed out by heat treatment resulting in the 
decrease in the density of defects and local structural 
rearrangements. Activation energies of as-deposited and 
annealed samples of TiPcCl2 thin films are calculated  
and collected in table.3 
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      Table 2. Activation energy of TiPcCl2 thin films of 
different thickness deposited at room temperature  
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      Fig.4 Plot of Ln σ vs 1000/T for TiPcCl2 thin film of air 
annealed samples                                       

Activation energy (eV)  
Annealing 

temperature 
(K) 

 
E1 
 

 
E2 

373 
423 
473 
523 

0.55 
0.59 
0.57 
0.51 

0.07 
0.06 
0.04 
0.02 

 
Table. 3 Activation energy of TiPcCl2 thin film of 
thickness 700 nm air-annealed at different temperature 
.The activation energy is determined with an accuracy 
of ± 0.01 eV in all the measurements. The activation 
energy E1 due to intrinsic charge carriers is found 
decrease with annealing temperature and E2 due to 
impurity scattering from adsorbed oxygen atoms also 
decreases.         This type of behaviour was reported in 

the case of CuPc15. Sussman has reported that both 
position of trapping level and the distribution of 
trapping sites are altered by annealing in various 
ambients22              
                               
4 CONCLUSION 
 
  Optical investigations and electrical conductivity 
studies of TiPcCl2 thin films are done with respect to 
thickness of the film and post deposition air annealing. 
Absorption spectra shows the existence of two 
absorption region, which are identified as B-band and 
Q-band. Both the fundamental energy gap  and onset 
energy gap shows  variation with annealing temperature. 
Thickness of the film affect the features of optical 
absorption spectrum. As the thickness increases energy 
gap decreases. Electrical conductivity by thermal 
activation  process is found to involve different 
conduction mechanisms. In the high temperature region 
intrinsic conductivity by holes are found to contribute to 
the conduction process whereas in the lower 
temperature region  impurities are found to play an 
active role. The conduction process is found to be 
controlled by different trap levels present in the 
forbidden energy gap. Annealing the samples for longer 
time periods may improve the performance and 
reproducibility. 
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ABSTRACT 
 
Anthracene is one of a promising organic semiconductor widely studied in the recent years. In this work we investigate the   
optical and electrical properties of vacuum deposited Anthracene thin films. The UV–Vis spectrum of Anthracene is 
recorded and the optical band gap is determined is 2.98eV. For studying electrical properties we use a Metal- 
Semiconductor-Metal structure. Anthracene thin film is sandwiched between two Silver electrodes. The J-V characteristics 
show ohmic type conduction in the lower applied voltages and conduction is space charge limited in the higher applied 

voltages. From the observed J-V characteristics the concentration of thermally generated charge carriers 0ρ  is determined. 

The temperature depended   J-V characteristics yield information about depth of traps below the valence band edge and total 
trap density. 
 

 
1 INTRODUCTION 
 

The study of charge transport through a thin 
film is important for understanding the conduction 
through the film and also reveals a number of 
semiconductor parameters along with the information 
about the trap distribution. Anthracene (Ac) is an organic 
semiconductor extensively investigated over many 
decades. It is a model system to study the optical and 
some peculiar electrical properties of organic molecular 
crystals. Early studies on anthracene reveal several 
typical semi-conducting effects like photoconductivity, 
photovoltaic effect, and electro luminescence1. The 
mobility of Ac extended up to 1cm2/V depending on the 
purity and the quality of single crystals. This made them 
as a promising candidate for fabricating organic field 
effect transistors (OFETs) 2.  

Two types of conductions are studied transverse 
and longitudinal. In the former case conduction is 
perpendicular to the substrate plane and in later 
conduction is along the surface of the film. The study of 
longitudinal conductivity is desirable for applications, 
which relay on surface conductivity. On studying the 
Current voltage characteristics in the transverse direction 
can provide information about the conduction mechanism 
through the film and the temperature dependent 
conductivity can be used to calculate a number of 
parameters such as trap density (Nt), number of states in 
the valence band (Nv) and activation energy. These 
parameters are very useful for understanding the semi 
conducting property of the material and in designing thin 
film devices. Several authors investigate the hole 
trapping in single crystal anthracene by thermally 
stimulated currents and by photon induced detrapping 
and also found various ohmic contacts suitable for 
effective injection of charge carriers3-5. In this work we 
investigate the optical and electrical properties of vacuum 
deposited Ac thin films. 

 
2 EXPERIMENTAL  
 

Natural Ac is originally procured from Aldrich 
chemical company (U.S.A). Highly polished and 
thoroughly cleaned micro glass slides are used as 
substrates. The evaporation is carried in a molybdenum 
boat using Hind Hivac12A4 vacuum coating machine, 
under a base pressure of 5×10-6 Torr. Thick nesses of the 
films are counter checked by Tolansky’s multiple beam 
interference technique6. U.V-Visible absorption spectrum 
is recorded using a Shimadzu 160A spectrophotometer. 
For studying J-V characteristics we use a Metal-
Semiconductor-Metal structure -Silver/Anthracene/Silver 
(Ag/Ac/Ag) structure. For this a thin film of Ag is 
vacuum deposited on to a pre cleaned glass substrate as 
bottom electrode. Over this Ac layer is vacuum 
deposited. Finally a thin layer of Ag is vacuum deposited 
as top electrode. The electrical characteristics are studied 
using a programmable Keithley electrometer (Model 
NO.617). Since Ac is a photosensitive material, 
conductivity study is made in darkness and in a rough 
vacuum of the order 10-3torr to avoid any possible 
contamination of the films.  
 
3 RESULTS AND DISCUSSIONS 
 
3.1 Optical properties 
 
 
Figure 1 shows the optical absorption spectrum of Ac 
thin film of thickness 1800A0 prepared at room 
temperature. It shows a flat absorption peak around 
390nm originates from π-π* transitions in free 
anthracene molecule. The broadening of absorption 



spectrum is attributed to vibronic coupling, which is a 
characteristic of organic materials7. 

 
 The absorption edge is analyzed within the framework 
of Bardeen et.al 8.  The band gap Eg is related to photon  

 
energy hν under the relation  
 
(αhν)2=A(hν-Eg)……………….(1) 
 
 where α is the absorption coefficient and A is a constant 
called disorder parameter and it is independent of photon 
energy. 
 
The band gap is determined from a plot of (αhν)2 versus 
hν and extrapolating the straight-line region in to the 
energy axis. A typical plot is as shown in figure 2. The 

band gap measured for as deposited anthracene thin film 
is 2.97eV. 
 
3.2 Electrical properties 
 

The study of I-V characteristics is important for 
reveal the existence of different conduction mechanism. 
In the case of organic semiconductors like Anthracene 
presence of unsaturated bonds called dangling bond give 
rise to large number of localized states. These localized 
states acts as carrier trapping centers. If the insulator does 
not contain traps the injected carriers remains free and 
thus contribute to space charge current. The presence of 
traps in the semiconductor reduces the current by 
trapping injected carriers. In semiconductors with less 
number of charge carriers the charge unbalance can be 
easily achieved by applying electrical field. 

 
Figure 3 shows the J-V characteristics of Ac 

film of thickness 3000A0.The graph shows two distinct 
regions. In the lower voltage region slope is nearly equal 

to unity and in the higher voltage region slope is nearly 
equal to two. The conduction at low voltages is by ohmic 
conduction and at higher voltages SCLC is dominant. 
This mode of conduction has a pronounced effect on the 
electrical properties of semiconductors.   Assuming a p-
type conduction to exist in Ac, then current density is 
related to applied voltage under the relation 9 

d

V
eJ pµρ0= ……………………(2)  

Where  0ρ  is the thermally generated holes in the 

valence band, pµ is the hole mobility, e is the electronic 

charge and d is the thickness of the film. Taking mobility 
of charge carriers in Ac 10-4 cm2/Vs the density of 

thermally generated charge carriers is 10 38.03 10 m−× . 
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Figure 1 Optical absorption spectrum of vacuum 
deposited Anthracene thin film of thickness 
1800A0. 
 

Figure 2- Plot of 2( )hα ν Versus photon energy ( hν ) 

for as deposited Anthracene thin film of thickness 
1800A0. 
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Figure-3- Plot of Ln(V) Versus Ln(J) for Anthracene  
thin film sandwiched between two silver electrodes.  
 



The carrier density determined in the present work 
deviate nearly one order of magnitude from the value 
reported by M.Gamoudi et.al3. This deviation is 
attributed to the difference in ohmic contacts used in the 
present work. For low applied voltages the thermally 
generated carriers is smaller than the injected carriers, the 
above equation can be modified as  
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Where Nv  is the effective density of states in the 

valence band and )( EvEf −  is the separation between 

valence band edge and Fermi level. 
 

From the equation (3) it is clear that a plot of 

ln 






V

J
 versus 








T

1
 is a straight line whose slope gives 

)( EvEf − and the intercept at 







T

1
=0 gives Nvpµ . 

A typical plot of Ac film of thickness 3000A0 with a 
constant biasing voltage of 15V is shown in figure -4. 

The value of Nvpµ  and )( EvEf − are  

1.97×1010m-1V-1s-1 and 0.17eV. 
 

The expression for current density described by 
the equation 2 is true only in the case of a trap less 
insulator or for small-applied voltages. But above a 
particular value of voltage, called threshold voltage the 
expression for current density can be modified as 9 
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Where ε is the permittivity of Ac, which is equal to 
11 2 1 22.8 10 C N m− − −× and θ  is the ratio of free to 

trapped charge carriers.  The value of θ  determined is 

4.17×10-13. The determination of θ  directly yields the 
trap density and the trap level (activation energy foe 
holes) below the valence band edge. The trap density and 
activation energy for holes determined 4.85×1023 m-3 
and 0.16eV respectively.                                                                                       
 
 
4CONCLUSION 
 

The optical absorption spectrum shows a broad 
absorption peak originates due to π-π* transition and the 
analysis of the fundamental absorption edge gives the 
band gap of vacuum deposited anthracene thin film. The 
determined band gap is 2.97eV. From the electrical 
studies it is found that the conduction in the lower 
applied voltages is ohmic while higher voltage regions 
the conduction is space charge limited.  
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  Abstract : 
 Among organic compounds , the electronic properties of 9-10- anthraquinones are strongly influenced  by the nature 
and the position of the substituent. In  the present paper the compound 1-(2-amino-ethylamino)-9,10-anthraquinone has 
been synthesized. Films are deposited onto the glass substrates at different substrate temperatures(318,333&348K) in a 
vacuum of 10-5 torr .The current – voltage characteristic  of these films show ohmic conduction with in the investigated 
field (5-60V) and temperature range (295-400K) The electrical conductivity films were determined in a vacuum of 10-5 
torr using two probe technique. It is observed that both the electrical conductivity and carrier concentration increases 
with increase in absolute temperature and also films grown at higher substrate temperature shows higher conductivity 
and carrier concentration. The activation energies of carriers  has been found to be in the range of 0.472-0.414eV. The 
dielectric constant of the compound at various frequencies is also calculated and is found to be  15.79 Fm-1 at 2KHz. 
 
 1. INTRODUCTION 
  
The  structural features of the substituents among 
organic compounds plays a vital role in designing 
molecular electronic devices. Among these the  
increase in electron donating ability of the substituents 
at various positions of 9,10-anthraquinones remarkably 
affect the colour and   redox properties of  the 
molecules. Moreover these anthraquinone derived 
compounds have a great deal of interest because of 
their optical and photosemiconducting properties1,2. 
Pohl et al3. studied resistivity and activation energy of 
some polyacene quinone radical polymers. Latef 
et.al.4,5 reported the electrical, optical and structural 
properties of 9,10-anthraquinone films.   Different 
functional derivatives of 9,10- anthraquinone have 
been synthesized and studied by  Aman et.al6-8 . The 
Properties of the films are greatly influenced by the 
deposition conditions and technique employed in 
depositing thin films It is observed that improvement 
in grain size and reduced structural defects occurs 
when deposition is done under thermodynamical 
equilibrium. Hot Wall Epitaxy (HWE) studied by 
Lopez Oterio permits film deposition near 
thermodynamical equilibrium9. In this communication 
we report the electrical properties   of  1-(2-amino-
ethylamino)-9,10-anthraquinone films prepared by Hot 
wall Epitaxy technique(HWE)10 onto the glass 
substrate kept at different temperatures 
(318,333,348K).  
2. EXPERIMENTAL 
  

2.1Synthesis of 1-(2-amino-ethylamino)-9,10-
anthraquinone  compound  
 
The solution of 1-chloroanthraquinone (1g,.004 mol) 
and ethylenediamine(3.48ml,.05mol ) in acetonitrile 
(25 ml ) containing  suspension of anhydrous 
potassium carbonate (1.08g ) was refluxed with stirring  
at 363 K for 24-30 hours. After the completion of the 
reaction, the suspended solid was filtered off and  the 
residue was washed with methanol and chloroform. 
The combined filtrate and washing were distilled  off  
under vacuum and residue was crystallized. The 
crystallized residue was again chromatographed  on 
silica gel column by using hexane, chloroform, ethyl 
acetate and their mixtures as eluents to isolate pure 1-
(2-amino-ethylamino)-9,10-anthraquinone.The 
structure of the compound is shown in Fig. 1  
   
2.2.Preparation of 1-(2-amino-ethylamino)-9,10-
anthraquinone films: 
 
The compound 1-(2-amino-ethylamino)-9,10-
anthraquinone in powder form was placed in a HWE 
set up described earlier [9]. Glass slides used as 
substrates were first cleaned chemically and then 
ultrasonically to ensure that films may not be 
contaminated. The vacuum chamber (of Hind High 
vacuum coating unit (12A4H) was baked at high 
temperature for degassing. After attaining suitable 
experimental conditions the films were deposited in a 
vacuum of order of 10-5 torr. After depositing films at 



particular substrate temperature the system was 
allowed to attain room temperature in that vacuum 
only after that films were removed from the chamber 
for further studies. 
 
 

               

O

O

HN

H 2N

 
                         
                            Fig. 1 
 
2.3 Measurements 
  
The thickness of the films were determined  using 
depth profiler (Dektek 3030-XT).  The temperature of 
glass substrates were controlled by a closed loop PID 
temperature controller using a K-type thermocouple. 
The steady state value of current was recorded at 
regular intervals of 5 K using an electrometer 
(Keithley 6517 A). Silver contacts were used to 
connect electrical leads to the films.  
 Dielectric measurements were made using A.C 
impedance spectrometer (Helwett Packered). For these 
measurements the compound was taken in pellet form 
of thickness 3.5x10-4m and diameter 1.3x10-2m and 
then measurements were made using the above 
mentioned spectrometer. 
 
3. RESULTS AND DISCUSSION   
 
The variation of the electrical conductivity  vs.  inverse 
of temperature for the   1-(2-amino-ethylamino)-9,10-
anthraquinone films kept at different substrate 
temperatures   is shown in Fig. 2 and the variation 
suggest that the sample  under investigation is 
semiconducting in nature. With increase in temperature 
of these films, (kept at particular substrate 
temperature) the conductivity is found to rise as shown 
in fig.2 with almost straight line, suggesting the 
applicability of well known Arrhenius relation  
                     ó = óo exp(-ÄE/2kT) 
where  ÄE is the activation energy, k is Boltzmann’s 
constant and T is absolute temperature. 
Higher substrate temperature (348K) grown film 
shows higher conductivity than observed for the film at 
lower substrate (318K), which can be explained using 
Petritz’s barrier model 11. As at higher substrate 
temperature, the nucleation centers are fewer which 
results in large crystallites and thus decreases the 
barrier size  which results in increase in conductivity.  
It has been suggested12 that  films of aromatic organic 
compounds can be considered as an array of potential 
wells separated by intermolecular barriers. In this 
model, charge carrier motion occurs by hopping 

mechanism. The conductivity observed for this sample 
is found to be  larger by a factor of  102  than that 
obtained for 9,10-anthraquinoe films6(at higher 
temperatures) 
The activation energy has been calculated from the 
slope of log of conductivity vs. inverse of temperature 
and is found to lie in the range 0.472-0.414eV.The 
activation energy is found to decrease with increase in 
substrate temperature thus indicating the formation of 
more ordered films at higher substrate temperatures.  
 The charge carrier concentration is determined using 
the relation 13 
                    n=2(2Πm+ kT/h2)3/2exp(-Eρ/2kT) 
where  m+  is the effective mass of a charge carrier  
which is assumed to be equal to the real mass of a free 
electron and h is Planck' s constant. The variation of 
charge carrier concentration vs. inverse absolute 
temperature is shown in the Fig. 3. Here also carrier 
concentration increases with increase in temperature 
and also carrier concentration is found to be more for 
the films grown at higher substrate temperatures. The 
value of carrier concentration for 1-(2-amino-
ethylamino)-9,10-anthraquinone films  prepared by 
this technique   is found to be larger  by a factor of 102  
than  compared  with 9,10-anthraquinone  films6 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
                                           
                                           Fig. 2 
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                                 Fig. 4 
                               
The variation of dielectric constant vs inverse of 
frequency is plotted and shown in Fig. 4 and  is 
observed that the value of dielectric constant first 
decreases appreciably with in the frequency range 40-
100Hz  and above the frequency of 600Hz, the value of 
ε decreases slowly.The value of ε  at 2KHz frequency 
is  15.79Fm-1. 
 
4. CONCLUSIONS 
    1-(2-amino-ethylamino)-9,10-anthraquinone films 
are found to be ohmic in nature. Films deposited at 
higher substrate temperature shows higher conductivity 
and higher carrier concentration. The conduction in 
these films can be assumed to be take place by hopping 
mechanism With increase in absolute temperature the 
conductivity and carrier concentration increases. The 
activation energy  lies in the range  0.472-0.414eV. 
The value of dielectric constant is found to be 
15.79Fm-1 at 2KHz. 
 
 Acknowledgements 
 
Authors are grateful to C.S.I.R, New Delhi for 
providing financial assistance for carrying out this 
project. 
 
References  
 
1 G. Grozev, A. Anastasov, K. Peshev, D. Elenkov, 
Insv. Khim, 9, 681 ( 1976 ) . 
 2 O. D. Yao, UKR Fiz Zh, Russian 7, 315 (1962 )  
 3 H.A Phol, D.A. Opp, J. Chem. Phys. 66, 2121 (1962)  
 4 A. Latef, J.C Bernede, S. Benhinda, Thin Solid Films  
195,289 (1990)  
5 A. Latef, J.C Bernede, Thin Solid Films  204, L9 
(1991) 
6 A.  Mahajan, R.K. Bedi, in : S.K  Gupta, S.K  Halder, 
C.  Bhagavanarayana (Eds.), Crystal Growth and 
Charactertization, NPL, New Delhi, 2001, p. 558 
7 A. Mahajan,  R.K Bedi, S. Kumar, J. App. Phys. 
89,7866 (2001) . 

8  A. Mahajan,  A. Singh, R. Kumar, R.K Bedi, 
Pramila, S. Kumar, Thin Solid Films 385, 36 (2001)  
9 A. Lopez Otero, Thin Solid Films 49,1 (1978). 
10 I.S Athwal and R.K  Bedi , Jpn. J. Appl. Phys. 26, 
1413(1987) 
11 R.L. Petritz, Phy. Rev. 104,1508 (1956). 
12 T. Ben  Nasrallah, J.C Bernede, M. Jamali, Adv. 
Mat. Opt.Elect. 5, 31 (1995)  
13 M.G. Abd. El Wahed, K.A. E.l. Manakhly, A.Am. J. 
Mater.Sci. Lett.15, 919 (1996) . 
  
 

0

10

20

30

40

50

60

0 1.5 3 4.5 6

log(frequency)(Hz)

ε(
 F

m
−1

)



 
HALL EFFECT AT MICROWAVE FREQUNCIES USING CAVITY 

PERTURBATION TECHNIQUE 
 

D.V.B.Murthy, V.Subramanian and V.R.K.Murthy 
Microwave Laboratory, Department of Physics, Indian Institute of Technology, Madras, Chennai-

600 036.  
Email: manianvs@iitm.ac.in 

ABSTRACT: 
 
An experimental technique for the measurement of mobility of carriers in semiconductors at microwave frequencies is 
explained. The interaction between the electromagnetic radiation and the charge carriers in semiconductors under the 
external steady state magnetic field intensity results in the coupling of between two orthogonally polarized electric 
fields in a bimodal microwave cavity. In this paper, the design and analysis of the TE111 circular bimodal cavity is 
described. Probe coupling is chosen for the excitation of the bimodal cavity. Tuning procedure for attaining the mode 
degeneracy and orthogonality is also explained. A canceling channel, which is having attenuator and phase shifter, is 
used to increase the sensitivity of the measurement. Measurements on the n-type silicon and compound semiconductors 
were done and found the calibration constant. 
 
 
1. INTRODUCTION : 

 
 Most of the techniques at microwave frequencies are 
non contact and non destructive in nature. Microwave 
Hall effect is one such technique which is used to 
evaluate the transport properties of the semiconductor 
materials. Microwave Hall effect was first discovered 
by S. P. Cooke in 1948 [1]. N.Watnabe (1960) & 
(1961) [2-3]   was developed this technique to measure 
the electrical transport properties of low mobility 
samples and to verify high frequency effects on Hall 
mobility. Pethig and South (1974) [4] used circular 
bimodal cavity. Introduction of network analysers 
helped a lot in improving this technique further [5]. 
Linfeng Chen et.al (1998) [6] used this technique to 
study the electrical transport properties of fine 
magnetic particles. Recently Prati et.al (2003) [7] 
applied this technique successfully in calculating the 
mobility of the heterostructures. M.Schrape et.al [8] 
used this technique to characterize the pyrite crystals. 
 
1.1 Theory: 
 
The interaction between the electromagnetic radiation 
and the charge carriers in semiconductors under the 
external steady state magnetic field intensity results in 
the coupling of between two orthogonally polarized 
electric fields in a bimodal microwave cavity. In order 
to observe this Hall effect, one requires a bimodal 
cavity and a canceling channel which consists of 
attenuator and phase shifter. The coupled power has to 
be nullified by using a canceling channel. The change 
in the transmitted power with the application of 
external d.c.magnetic field is directly proportional to 
the mobility of the carriers. 
 
The Scattering matrix of the degenerate bimodal cavity 
containing a sample relates the amplitudes of the 
reflected waves a1, a2, to the amplitudes of the incident 
waves b1, b2 as follows.  
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Where S11 is the reflection coefficient at port1, S22 is 
the reflection coefficient at port2, S12, S21 are the 
transmission coefficients from input 2 to input 1 and 
Vice Versa. 
 
The following assumptions are made in deriving the 
scattering matrix of the bimodal cavity containing the 
sample: 
1) The skin depth (δ ) of the sample is larger than the 
sample thickness. 
2) 1<<ωτ , where ω  is the field angular frequency 
and τ is the carrier relaxation time.  

3) 1<<Bµ , where µ  is the microwave Hall mobility 

and B is the d.c.magnetic field. 
4) The frequency of both the modes of the cavity 
should be same after placing the sample. ( 0=∆ω ) 
 
The expression for the microwave Hall mobility is 
obtained from the transmission coefficient of the 
scattering matrix .The mobility values are calculated 
using M.M.Sayed and Westgate approach [9] and the 
equation is given below. 
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Where K is calibration constant, S21 =
1
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; 

10Q , 20Q , 11Q and 21Q  are the loaded and unloaded 

quality factors at port1 and port2; 11Γ and 21Γ are the 

unloaded and loaded reflection coefficients of the 
input1 and output 2.  
The above equation is valid for non-equal input and 
output coupling. 
 

2



1.2 Experimental Arrangement: 
 

A TE111 P-band dual mode cylindrical cavity 
was designed and fabricated. The radius and height of 
the bimodal cavity are 1.1 cm and 2.5 cm. Probe 
coupling was chosen for the excitation of the cavity. 
The cavity was excited using suitable SMA connectors. 
Tuning probes were placed at each 45o to get mode 
degeneracy and orthogonality. Brass screws of 2 mm in 
diameter were chosen for tuning. The cavity resonated 
at 13.999 GHz and unloaded quality factor was 
measured as 2012. The typical circular bimodal cavity 
is shown in Fig1. 

 
 The block diagram of the microwave Hall effect 
arrangement is shown in the Fig.2. This consists of 
PNAseries 5320A Microwave Network Analyser 
which is used to observe the transmission and 
reflection parameters and a cancelling channel. The 
cancelling channel consists of Agilent 87300B (10 dB) 
coaxial directional couplers, Agilent 8495B (0- 70 dB) 
and 8495B (0-11db) coaxial step attenuators, Spectrum 
Elecktrotechnik Gmbh LS-M018-2121 coaxial phase 
shifter. The cancelling channel is necessary to remove 
the non-ideal mode coupling. 
 
The resonant frequencies of both the primary and 
secondary modes did not resonate at the same 
frequency due to the imperfections in the cavity 
fabrication. In order to have mode degeneracy, 
necessary tuning procedure is required. Tuning probes 
1, 2, 3 and 4 are capacitive in nature; these are used in 
attaining the mode degeneracy. Tuning probes 5 and 6 
are resistive in nature; these are used in attaining the 
equal quality factors at both the ports.  
 
 
      
 
 
 
 
 
 
 
 

 
 
Fig.(1)  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(2) 

Fig (1):  Schematic diagram of the TE111 dual 
mode degenerate cylindrical cavity. 
Fig (2):  Experimental arrangement of the 
Microwave Hall effect technique. 
1 and 2 - coaxial cables, 3 - coaxial directional 
couplers, 4 – coaxial step attenuators, 5 – coaxial 
phase shifter and 6 – bimodal cavity 
 

1.3 Results and Discussion: 
 
The tabular column 1 presents the results on the n-type 
Si, p-type Si, n-type GaAs, n-type InSb semiconductor 
samples with different resistivity.  The table gives the 
standing wave ratio, unloaded quality factor at both the 
ports.  
 
The following graphs show the variation of the 
transmitted power with the application of the magnetic 
field on various samples.  
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The above graphs predict the linear variation between 
the transmitted power and applied magnetic field. From 
figure (4), it is clear that application of magnetic field 
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on the semiconductor sample in the increasing and 
decreasing fashion doesnot have any change in the 
value of the transmission coefficient. Figure (6) shows 
the variation of the shift in the resonant frequency with 
respect to the applied magnetic field. The shift in the 
resonant frequency is almost constant. And we 
observed for all the samples it is within the 0.05MHz. 
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Tabular column 1: 
 

 
Tabular column 2: 

 
Tabular column 3: 

 
From the tabular column 2, it is observed that the 
calibration constant is 2.023 for this bimodal cavity. 
This calibration constant is used for determining the 
microwave Hall mobility values of P-type silicon, N-
type silicon, N-type GaAs, N-type InSb samples. The 
values are tabulated in tablular column 3, and in 
agreement with D. C. Hall  mobility Values. The error 
is within 5% in all these samples. 

1.4 Conclusions: 
 
A dual mode cylindrical cavity which is resonating at 
13.999GHz having quality factor 2012 is designed and 
fabricated. Measurements are performed on the n-type 
silicon samples and found the calibration constant 
(2.0233) of the cavity. This constant is used to measure 
the microwave Hall mobility values of the 
semiconductor samples. The values obtained are in 
agreement with D.C.Hall mobility values and the error 
is within 5%. 
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Sample Resistivity  
(� -cm) 

Resonant frequency   
(GHz) 

Standing wave 
ratio at Port 1 

Standing wave ratio 
at Port 2 

Unloaded Quality 
factor at Port 1 

Unloaded Quality 
factor at Port 2 

   Empty Cavity     13.999     1.052    1.18     1978       2012 
 N- Silicon    50.0     13.902    1.193    1.091     1647       1557 
N-Silicon 4.0 - 11.0     13.922    1.530    1.741     591       533 
N-Silicon  4.0 - 7.0     13.918    1.398    1.554     749       650  
P-Silicon     10.0     13.911    1.39    1.58     1000       1187  
P- Silicon 3.0 - 25.0     13.924    1.198    1.458     1086       1007 
N-GaAs       13.889    1.124    2.322     1458       1668 
N-InSb        8900     13.905    1.219    1.09     1926       1525 

Sample Resistivity                    
(� -cm) 

   Thickness 
       (µm) 

  D.C. Hall Mobility 
         (cm2/V-s) 

       S12   with   ‘B’    
   S12 (arbitrary Units) 

  Calibration  Constant 
          ( Kerx 109)      

N- Silicon      50.0        356             1404           0.00103 2.0 
N-Silicon  4.0 - 7.0         590             1367           0.00479 2.18 
P-Silicon    3 - 25.0        425             468           0.00071  1.89 

Resistivity 
(Ω - cm) 

Thickness 
(µm) 

   D.C. Hall Mobility 

(cm2/V-s) 

S21 (Arbitrary 
Units) 

     Microwave Hall Mobility 
(cm2/V-s) 

P- Silicon       10.0        360              460       0.00065 469 
N-Silicon   4.0 - 11.0        220           1372       0.00288 1333 

N-InSb        8900       480           8252       0.00234 8176 
N-GaAs                265          2450       0.00140                         2335 
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ABSTRACT 
 
Two dimensional photonic band gap structures (Photonic Crystals) that work in the microwave frequency region were 
constructed using three different materials, viz; glass, Poly Vinyl Chloride (PVC) and Poly Tetra Fluoro Ethylene (PTFE). 
The dielectric constants measured were 5.50, 2.38 and 2.10 respectively at 10 GHz. In all the cases only square lattice was 
considered and the lattice spacing was so chosen that the gap width and / or gap to mid-gap ratio are maximum. Fabry-Perot 
resonators were constructed by creating line defects in an otherwise pure structure in all the cases. The defect spacing was 
varied from 1.2 cm to 1.6 cm in all the cases and the quality factor was measured for all the defect modes. The obtained 
results were explained in terms of the dielectric constant of the samples used. 
 
 
1. INTRODUCTION 
 
The interest in the field of photonic crystals is growing 
every year because of numerous applications [1-3]. 
Photonic crystals are the periodic structures in which the 
lattice sites are occupied by either dielectric and / or 
magnetic materials. The material at the lattice site acts as 
a potential and whenever the dielectric constant is greater 
than unity one can expect a band gap [4]. Within this 
band gap, the propagation of electromagnetic waves is 
forbidden. This is similar to the electronic band gaps in a 
crystal lattice where the periodicity is of the order of 
Angstroms and the lattice sites are occupied by the ionic 
cores. In general, the periodicity should be maintained of 
the order of the wavelength of the source. Thus, in 
microwave region, the periodicity will be of the order of 
centimeters thus making it easier to construct manually. 
While the pure structures act as perfect band reject filters 
for the electromagnetic waves within a certain frequency 
range, depending on the applications, it is also possible to 
create defects and obtain a defect mode within the band 
gap. The main idea is to obtain a narrow window through 
which propagation can take place. The defect mode is 
seen when the resonant condition is satisfied and also it 
depends on the material that is being used. Also the 
appearance of the defect mode depends on the position of 
the defect [5]. While low dielectric constant materials 
may not be useful in obtaining the resonant modes by 
creating the point defects, line defects will certainly give 
rise to resonant modes. This is because with low 
dielectric constant materials, one may get weak modes 
and so may not be visible whereas with line defects, the 
modes couple together giving rise to a vivid resonant 
mode. There are a number of ways by which we can 
create defects such as removing the material, inserting a 
material in the interstitial position, changing the lattice 

constant at a certain position and by changing the 
refractive index of the material at a certain position [6]. 
In this paper we report the effect of dielectric constant on 
the Q-factor of the defect modes obtained from the 
Fabry-Perot resonators constructed from photonic 
crystals by creating the line defects. The line defects 
were created by changing the lattice spacing between the 
5th and 6th layers of a 10 layer structure so that each five 
layer set acts as a mirror. With the direction of 
propagation perpendicular to the defect, the structure acts 
as a Fabry-Perot resonator [7]. The defect spacing was 
varied from 1.2 to 1.6 cm in all the cases and the Q-factor 
values are analyzed in terms of the dielectric constant of 
the materials used. 
 
1.1 Experimental arrangement 
 
A microwave vector network analyzer (HP 8720A) was 
used to obtain the S12 parameter for the frequency region 
between 10 and 18 GHz with the help of two horn 
antennas kept on either side of the structure.  The 
antennas were separated by a distance of 50 cm.  The 
fringe effects of the electric field were assumed to be 
minimum.  Initially, the S12 parameter was normalized 
without any structure between the antennas.  In all the 
cases, only E-polarized beam (with electric field parallel 
to the length of the rod) and the normal direction alone 
(Γ- X direction of first Brillouin zone) was considered. 
 
1.2 Results and discussion 
 
Initially, the gap to mid-gap ratio was calculated for 
different lattice spacings using plane wave expansion 
method [8] and found to be maximum near 0.9 cm for the 



structure made of glass, 1.0 cm for the structure made of 
PVC and PTFE rods and the lattice spacings were chosen 
accordingly. 
 
1.2.1 PTFE rods 
 
The transmission spectrum obtained for a square lattice 
of PTFE rods shows a band gap at 13.48 GHz with a gap 
width of 2.68 GHz that agrees well with the theoretically 
predicted values of 13.14 GHz and 2.02 GHz. Fig. 1 
shows the transmission spectra obtained for a pure 
structure and the structure with defects with defect 
spacing varied from 1.2 to 1.6 cm. Line defect was 
created such that the spacing between the 5th and 6th layer 
is ‘L’ that is different from the actual lattice spacing. The 
experiments were done by varying ‘L’ from 1.2 to 1.6 cm 
and the transmission spectra were as shown in fig. 1. It 
can be observed that the defect mode shifts towards 
lower frequency side as the defect spacing is increased 
indicating the behaviour of a resonator. The Q-factor of 
the defect mode was calculated to be 18, 17 and 22 for 
the defect spacing of 1.2, 1.4 and 1.6 cm respectively. It 
can be observed that the Q-factor is very low. 
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Fig. 1 
1.2.2 PVC rods 
 
In case of PVC rods, the transmission spectrum for a 
pure structure shows a band gap at 11.65 GHz with a gap 
width of 3.16 GHz as shown in fig. 2. Theoretically, a 
band gap is predicted at 12.54 GHz with a gap width of 
2.13 GHz which shows a good agreement with the 
experimentally observed value. Fig. 2 also shows the 
transmission spectra obtained for the defective structure 
with the defect spacing varied from 1.2 to 1.6 cm. In this 
case also, the defect mode is observed to shift towards 
lower frequency side as the spacing is increased. The Q-
factor values of the defect mode for different defect 
spacings in this case were found to be 52, 53 and 68 
respectively. It can be observed that there is an 

improvement in Q-factor when compared to that of PTFE 
case though these values are low. 
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 1.2.3 Glass rods 
 
The transmission spectrum taken for a square lattice of 
glass rods without any defect shows a band gap between 
11.19 GHz and 15.59 GHz with a mid-gap frequency of 
13.39 GHz. Theoretically a band gap is predicted at 
12.90 GHz which shows a good agreement with the 
experimental value of 13.39 GHz. Fig. 3 shows the 
transmission spectra for a pure structure as well as for the 
structure in which the defect spacing is varied from 1.2 to 
1.6 cm. The Q-factor of the defect mode calculated from 
the 3 dB points was found to be 119, 175 and 131 for the 
separation distance of 1.2, 1.4 and 1.6 cm respectively. 
The Q-factor in case of glass rods is better than that of 
PVC case as can be clearly seen from the values given 
above.  
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Fig. 4 shows the variation in the Q-factor for all the 

defect spacings for all the three materials. As mentioned 
above, the dielectric constants of PTFE, PVC and glass 
were 2.10, 2.38 and 5.50 respectively. By creating a 
defect, the structure acts like a local resonator and 
whenever a resonant condition is satisfied, one can get a 
defect mode. In all the cases, the lattice spacing was 
chosen in such a way that the gap width is maximum and 
the experiments were done in a similar manner. The only 
difference is in the value of dielectric constant.  
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By increasing the dielectric constant, the reflectivity 

increases and thus the amount of energy stored in the 
cavity obtained by creating the defect will be increased. 
In this case, the increase in the dielectric constant 
increases the reflectivity of the mirrors and so the Q-
factor increases. While PTFE is having very low loss, 
PVC and glass has a considerable amount of loss 
(å ”=0.12 and 0.10). The loss involved in the structure 
also reduces the Q-factor of the defect mode. Simulations 
were done in case of 1D structures and it was found that 
an imaginary part of 0.10 in the material decreases the Q-
factor by five times. Thus still higher Q-factors could be 
achieved by using a material of high dielectric constant 
and very low loss. Thus increase in dielectric constant 
increases the Q-factor of the resonant mode of Fabry-
Perot resonators constructed from photonic crystals. 

 
1.3 Conclusions 
 
Photonic Band Gap structures suitable for microwave 
frequencies were constructed using three different 
materials of dielectric constant 2.10, 2.38 and 5.50. Line 
defects were created in the structures and made in the 
form of Fabry-Perot resonators. The defect spacing was 
varied and the defect mode was observed to move 
towards lower frequency side as the defect spacing was 
increased which is the feature of a resonator. The results 

also show that the Q-factor of the defect mode increases 
with increase in dielectric constant of the material used in 
constructing the photonic crystals. 
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The complex permittivity of the pure systems and pure binary systems and their dilute solutions in a non-polar 
solvent are measured in the microwave frequency region by using the cavity perturbation technique at X band 
region (8 -12 GHz) and open-ended coaxial probe technique for contineous range of frequencies from (8-
12GHz) by using the 8720A network analyzer and their results are compared. The limitations, advantages and 
disadvantages of each method are discussed. Dipole moment of the binary systems is calculated from the 
dielectric data using Guggenhiem's, Higasi's and Gopala Krishna method. The samples under study are benzene, 
isobutanol, isobutyraldehyde and their binary mixtures. 
                                                                                               

 
 
Introduction: 
  
Microwave energy has been directly applied in 
many fields especially in scientific research such as 
communication, microwave assisted chemistry and 
in the development of microwave tomographic 
imaging imaging systems for medical applications 
[1].The successful application of microwave is 
directly associated with the dielectric properties of 
the materials. The characterization of dielectric 
materials may include the measurement of complex 
permittivity as function of frequency at a given 
temperature or as a function of temperature at a 
given frequency. The measurement of dielectric 
properties at a wide frequency range can provide 
information on the low frequency conduction 
mechnism, interfacial polarization and molecular 
dynamics [2] 
 
Dielectric dispersion studies of polar liquids and 
their binary mixtures were carried out with a view 
for determining the electric dipole moment and 
relaxation time. The presence of hydrogen bonding 
brings a considerable change in the relaxation time 
and dipole moment of the binary system. In the 
determination of dipole moment, the dipole-dipole 
interactions are minimized by dilution in a non-
polar solvent. In this paper we measured the 
complex permittivity and dipole moment of 
aldehyde and alcohol which are the functional 
groups present in the amino acids and their binary 
mixtures in solvent medium at X band (8 - 12 GHz) 
by using two characterization techniques namely 
cavity perturbation technique [3], and open-ended 
coaxial probe technique [4, 5, 6] and their results 
are compared, and limitation of each method is 
discussed. 
 

Experimental arrangement:  
 
The samples used in all the measurements are 
analytical grade samples and double distilled 
before measurement. All the measurements are 
carried out at room temperature and at X band (8-
12 GHz) region. We measured the complex 
permittivity of two different parent liquids, 
isobutanol and isobutyraldehyde and also its binary 
mixtures in a non-polar solvent, benzene with 
different concentrations. The characterization was 
done using two different techniques and the 
techniques are described below. 
 
1. Cavity perturbation technique: 
 
The experiments were carried out using an 
HP8720A Network analyzer, which will generate a 
continuous range of frequencies from 130 MHz-20 
GHz. The cavity used here is a reflection type 
TE106 mode rectangular cavity with resonance 
frequency at 9.125GHz. A specially designed 
sample holder is used to keep the sample at the 
electric field maximum in the cavity. Both the 
resonance and the quality factor of the cavity will 
be disturbed with the insertion of the sample and 
the cavity is said to be perturbed. From the shift in 
the resonant frequency and from the change in Q 
factor, one can determine the complex permittivity 
of the sample at that frequency. 
 
2. Open-ended coaxial probe technique: 
 
Open-ended coaxial probes were developed as a 
type of sensors for broadband and nondestructive 
measurement of the permittivity of the biological 
substances. This method is also useful in measuring 
the dielectric properties of liquids and solids 



      One end of a coaxial probe is connected to the 
network analyzer and the other end is kept in linear, 
isotropic, homogeneous and non-magnetic material 
with permittivity ε*. The transverse electromagnetic 
waves (TEM waves) generated from the analyzer 
propagate through the liquid and some part gets 
reflected from the surface of the liquid. The amount 
of power reflected depends on the dielectric 
properties of the sample. The power reflected from 
the sample is useful in obtaining the impedance due 
to sample and the complex permittivity can be 
calculated from the obtained impedance values. To 
eliminate the connector impedances, any other line 
mismatches and also fringe-field capacitance 
within coaxial cable, the network analyzer is 
calibrated with the terminations of an open, short 
(mercury) and a standard liquid such as acetone. 
 
Results and discussion: 

 
Fig. 1a shows the variation of real part of complex 
dielectric permittivity of isobutanol with different 
weight fractions and the imaginary part is shown in 
fig. 1b. It can be observed that the real part is in 
good agreement in both the techniques, the 
imaginary part matches well only till a certain 
value of weight fraction. The variation in the real 
part of permittivity of isobutyraldehyde is given in 
fig. 2a for different weight fractions and the 
imaginary part is shown in fig. 2b. Similarly, the 
variation for the real and imaginary part of the 
permittivity in case of binary mixture (isobutanol + 
isobutyraldehyde) is shown in fig. 3a and 3b 
respectively. In all the cases, it can be observed that 
the real part agrees well in both the techniques 
while there is a lot of difference in imaginary part. 
While imaginary part calculated by using both the 
techniques agrees till a certain value of weight 
fraction in fig. 2b (similar to fig. 1b), the situation 
is different in fig. 3b as can be seen from the figure. 
This may be because of enhanced loss factor by 
mixing two different lossy liquids. Also, the two 
liquids under consideration are highly hydroscopic. 
So, the amount of moisture content that is being 
absorbed will be more in case of binary mixtures 
when compared to that of isolated liquids which 
may affect the imaginary part. Further analysis is 
required to actually interpret the difference in 
imaginary part. Table 1 provides the dipole 

moment of parent liquids as well as the binary 
mixture in benzene using Higasi method [7]. This 
method is applicable for very dilute liquids and the 
obtained values agree well with the literature 
values as can be clearly seen from the table. 
  
Limitations: 
 
Advantage of cavity perturbation technique is that 
it is very sensitive and accurate for low lossy 
samples and small amount of sample (5 ml) is 
required. Limitation of this technique is that it is 
also operated for discrete frequencies and not 
applicable for high lossy samples 
Advantage of Open-ended coaxial probe technique 
is that it is operated for continuous range of 
frequencies and small amount of sample is required 
(5-10ml) and it is also useful to find the image 
analysis of biomedical samples and finding the 
moisture content in the food products and liquid 
level in the petroleum tanks. Limitation of this 
technique is that cost the cable increases with 
increasing frequency and cable losses. 
 
 
 
      Table 1. Dipole moment values of isobutanol 
and isobutyraldehde and its binary mixture 
 

 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Sample dipole 
moment 
(Debye) 

Literature 
Values 
from 
CRC 
handbook 
of Physics  
and 
Chemistry 

Isobutanol 1.76 1.64 
Isobutyraldehyde 2.57 2.72 
Isobutanol+Isobutyraldehyde 2.53 -- 
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Fig 1.a) Real and b) Imaginary part of complex dielectric permittivity of Isobutanol in Benzene  
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Fig 2.a) Real and b) Imaginary part of complex dielectric permittivity of Isobutyraldehyde in Benzene. 
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Fig3.a) Real and b) Imaginary part of complex dielectric permittivity of (Isobutanol+Isobutyraldehyde) in 
Benzene 
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ABSTRACT 
Porous silicon based gas sensors are employed to detect inflammable and toxic gases. These sensors 
generally present a high sensibility with detection at low levels of pollutants [1]. The large surface to 
volume ratio of PS gives it, the capability to sense any gas-induced atmosphere [1,2]. The physical 
properties of porous Silicon gas sensors, viz., electrical resistance, current have been observed to change in 
the presence of inorganic gases and organic vapors like LPG, ethanol, methanol and acetone [6-8]. The gas-
induced modifications of PS properties like Conductance/current [3,4], capacitance [5] are the sensing 
parameters of these devices. The advantages of PS gas sensors are low cost, low power consumption 
compared with metal oxide gas sensors, due to its working at room temperature, and its compatibility with 
silicon device fabrication technology.   
 
In the present work, p-type porous silicon (p-PS) structure was prepared by anodic electrochemical etching 
process. The p – type silicon wafer of area 1.5 x 1.5 cm2 and a platinum foil of area 1 x 1 cm2 were used as 
the electrode and immersed in an electrolyte, containing a mixture of water, ethanol and hydrofluoric acid 
in the ratio 3:6:1. The optimized anodization parameters set in this process were electrode distance 0.75 cm, 
current density 80 mA and etching duration 40 minutes. The unexposed region of the silicon wafer was 
coated with wax. Porosity in the nano scale was formed on the exposed area of the silicon wafer, which has 
been confirmed from the surface analysis using AFM and pore density evaluation. Photoluminescence 
properties of the p-PS structure have been studied using a Hitachi 650-10S Fluorescence 
Spectrophotometer and the results have also been presented. Structure of the p-PS has been investigated by 
XRD analysis and the results have been analyzed. A gas sensor (device) has been fabricated by the 
establishment of aluminum contacts over the edge of the porous layer and p – type Silicon substrate, by 
PVD method. Sensing properties of the device structure towards NO2 and CO gas have been investigated in 
a specially designed sensor test rig. The dynamic characteristics of the device after its exposure to LPG and 
CO gas have been studied and reported. The response and recovery characteristics of the device under gas 
on and gas off state have been studied and reported. Maximum sensitivity and optimum operating 
temperature of the device towards CO and NO2 has been estimated as 30 % and 450 ºC and 41 % and 400 
ºC respectively. Studies indicate that high sensitivity and short response time of the device makes it 
attractive for gas sensing applications.  
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ABSTRACT  

In this paper we have developed a mathematical model based on the fundamental concepts of fluid mechanics 
and dimensioning, using which an attempt has been made to reduce the incidence of defects and optimisation of 
thickness in the spin coated thin films.  The results shown in this paper are simulated using the MATLAB 
software. The resin was chosen to be a mixture of ethyl alcohol, tin chloride and antimony tri chloride (dopant) 
with a density of 1200 kg/m3 and a viscosity of 5 kgm/s. The most expected defects viz., edge bead, striations, 
and comet in the spin coating process and their minimizations have been discussed in detail. This paper also 
deals with the optimization of the initial spin coating conditions, which yield maximum surface and thickness 
uniformity. The experimental results are found to be well in agreement with the simulated results. Studies 
indicate that 1) optimized film thickness and defect reduction can be obtained for ATO thin film coated at a spin 
rate of 3500 rpm with a spin time of 10 seconds.2) usage of recessed chuck can minimize the edge bead effect, 
3) Striations can be minimized by reducing uneven evaporation during the initial spinning process, which can 
be achieved by using solvent of low volatility and 4) Comets can be minimized by using the resin of relatively 
low viscosity without any insoluble solid particles or impurities.  

 

1. INTRODUCTION  

Spin coating is a versatile and commercially 
used process for thin film fabrication. This method is 
widely used to coat the photo resist on silicon wafers 
for integrated circuits, magnetic storage disks, 
magnetic paint coating on the substrate, coating of 
colour television screens1,2, active layers of gas 
sensors3 and in solar cell development4. It was 
observed, when a small amount of resin is placed at 
the center of a rotating flat substrate, the resin is 
thinned over the entire substrate, resulting in the 
formation of a thin film of quite uniform thickness5.  

The spin coating technique also has its own 
limitations, namely the presence of a variety of 
defects such as comets, striations, edge bead, chuck 
marks, streaks or flares and air bubbles, non uniform 
film thickness, which lead to the malfunction of the 
system built on the film. The parameters that 
influence the occurrence of above defects are fluid 
viscosity, dispense rate, exhaust rate, spinning speed, 
acceleration, skew in the dispense of the fluid at the 
center of the substrate, surface tension effects, 
difference in temperature between the metal chuck 
and the substrate, humidity and substrate geometry. 
To reduce these defects and to produce device 
quality spin coated films, some experimental studies 
and mathematical modeling have been already 
carried out. 

This includes EBP5, modeled spin coating 
with the assumption that evaporation is 
negligible. Meyerhofer6 obtained an approximate 
solution for final film thickness, by considering 
that the film is thinned initially by centrifugal 
forces and later due to evaporation. 
L.W.Schwartz7 has obtained numerical solutions 
for a complicated phenomenon of fingering.  

The proposed model offers a novel and 
simple approach to the optimization of a 
complex process. We have made an assumption 
that the resin is a Newtonian fluid. In this 
modeling, we have elaborated on a number of 
defects but the most serious defects have been 
discussed in detail and their solutions have been 
given. 

2. MATHEMATICAL MODEL FOR 
THICKNESS OPTIMIZATION 

If the number of variables involved in a 
physical phenomenon are known, then the 
relation among the variables can be determined 
by the methods viz., Rayleigh’s method and 
Buckingham’s π - theorem.  

The final thickness (hf-h0) of the film is 
taken as the dependent variable based on a 
number of variables, namely angular velocity 
(ω), spin time (t), resin viscosity (µ) and density 



(ρ), initial thickness (h0) and evaporation rate (e). 
   

In the present work Buckingham’s π theorem 
has been used for the formulation of our model. The 
Buckingham’s π theorem can be employed to form a 
system of dimensionless equations, of which each 
term is called as a π term. These π terms form a 
system of linear equations, which can be solved to 
obtain the final expression. The procedure for 
solving an equation using Buckingham’s π theorem 
is done by first forming a proportionality and then 
forming a null equation, which gives the system of π 
- terms, from which the repeating variables have 
been found and then the dimensions are substituted 
to find the final solution. The fluid model of the 
coating process can be found using a proportionality, 
describing the following parameters viz., geometric 
property, flow property and fluid property. Here 
initial height of the resin is taken as the geometric 
property. The approximate height of the initial resin 
drop is found using the relation, 

           h0   =  V/A               (1) 

Here, the initial height of the drop is found using the 
volume of the drop and the surface area of the 
substrate. The proportionality equation given below 
is computed according to the conditions as stated 
above, in which all the three parameters describe the 
three basic fluid properties. As discussed above, the 
term on the left is dependent variable and those on 
the right are the independent variables. 

hf  ∝  (ω, h0, ρ, µ, t)                                        (2) 

The above proportionality can be rewritten as shown 
in eqn. (3), in which the whole equation is not only 
numerically and also dimensionally balanced. The 
equation given below is called as the null equation. 
This equation is the basis for the formation of a 
linear system of equations with (n-m) dimensionless 
π terms, where n is the total number of terms and m 
is the number of fundamental terms. We can observe 
six terms in the null equation and three fundamental 
terms in the formation of all the terms. Thus the π 
terms are three in number. 

f (hf, ω, h0, ρ, µ, t)   = 0            (3) 

 f (π1, π2, π3)    

All the π terms contain three common variables 
called as the repeating variables, which describe the 
three basic fluid properties. Here we have selected 
ω, h0, µ as the repeating variables, and the symbol 
‘x’ indicates multiplication. 

π1= h0
a1xω b1x µ  c1x hf        

π2= h0
a2xω b2x µ  c2x t    = 0            (4) 

π2= h0
a3xω b3x µ  c3x ρ 

The π terms are now substituted with the 
corresponding fundamental variables and their 
powers are calculated to give the final values of 
(an, bn, cn), which gives the power of the 
corresponding repeating variables. As discussed 
above, all the powers of these terms are equated 
to zero and this gives us the values of 
corresponding π terms, which can then be 
written in the form of null function and then 
reordered to give us the value of hf .  

 π1 = hf /h0 

 π2 = ωt     (5) 

 π3 = ω2h0
2ρ/µ 

On substituting the above in equation (2) we get, 

        f ( hf /h0 , ωt , ω2h0
2ρ/µ )=0           

(6) 

Here the dependent term is taken to the R.H.S 
and so giving us a relation between the 
dependent and the independent variables. Even 
though we have found the relation between the 
dependent and the independent variables, we 
need to find ‘K’, called the proportionality 
constant. 

hf  =  h0φ (ωt, ω2h0
2ρ/µ )                         (7)  

The thinning equation is given by  

 hf   =  K ( ω2x h0
3x t x ρ/µ )                       (8)  

Where K=2/3 and so the final expression for the 
thinning of the film, at an angular velocity of ‘ω’ 
rpm, spin duration of ‘t’ seconds, with a resin of 
viscosity ‘µ’and a density  ‘ρ’ and is given by  

   hf   =  ( 2ω2h0
3tρ/3µ )                        (9) 

The thinning rate of the resin is obtained by 
partially differentiating the eqn. (9),  with ‘t’. 
The thinning rate of the resin is given by  

 

∂h   =   - 2 ω2 h0
3ρ                                  (10) 

∂t                3 µ 

The ‘-’ sign indicates that the thinning is 
negative, that is there is loss of material. As 
indicated, the final thickness is not equal to the 
value given by the equation (9), but it is equal to 
the difference between h0 and hf. But the 
thickness given is not the same as in practical 
cases, because of the absence of the effect of the 
rate of evaporation in the equation. The rate of 
evaporation is dependent on a number of factors 



starting from the diffusion rate to the partial pressure 
of the solvent in the junction layer7. Neither of the 
above can be found out analytically which leads to 
only one dependent parameter, namely the angular 
velocity. It has been shown that the rate of 
evaporation bears a direct relationship with the 
angular velocity and so by applying the Rayleigh’s 
method, the rate of evaporation has a square root 
relationship with angular velocity as given below. 

 e = Ce √ ω                                           (11 ) 
 Thus the final expression for the thinning of the 
film is given by, 

 hf = ( 2ω2h0
3tρ/3µ )+ e           (12) 

The equation (12) governs the amount of thinning of 
resin during the entire spinning process.  The factor 
Ce (co-efficient of evaporation of the resin) is a 
combination of all the above parameters, which is 
then calculated using the Ce of the pure solvent11. 
Actually the equation (12) gives the total amount of 
fluid resin which was dispensed or lost from the 
substrate and so the final expression for the thickness 
is given by the difference between the approximate 
initial thickness and the value of hf. Final thickness 
of the thin film, which has been coated with the 
above said rheological parameters at an angular 
velocity  of ω, for  t seconds, is then given by 

h0 – hf = h0 – (2ω2h0
3tρ/3µ+ Ce √ ω)                     (13) 

 

3.DEFECT REDUCTION USING            
SIMULATION 

 The defects, which cause important effect on the 
surface morphology of the spin coated film are the 
edge beads 11,12,13,18, striations12,16, comets8,13, 
presence of air bubbles13 and chuck marks13. Here 
we are going to discuss in detail about first three of 
the above defects and their reduction techniques. The 
paper has also experimentally established that the 
conditions as described are authentic and can be used 
in all spin coating instrument for defect reduction.  

In this model, the edge bead and striations are 
simulated using the MATLAB software and the 
simulated results are found to be at par with the 
experimental results. The conditions used in the 
simulation are that the fluid resin was a mixture of 
ethyl alcohol, tin Chloride and antimony tri chloride, 
with a density (ρ) of 1200 kg/m3, a viscosity (µ) of 5 
kg/ms. and the substrate being a rectangular mineral 
glass plate. The spin speed and duration was set at 
3500 rpm and 10 seconds respectively. 

3.1. Edge Bead   

During the initial spin up stage, the resin gets 
stacked up at the unsymmetrical edges of the 

substrate and goes on building up, causing the 
edge build up, to be more than twice as that in 
the other areas of the substrate.  

This is attributed to the poor wetability of 
the resin and also due to the uncontrolled inlet 
and exhaust of the carrier gasses 10,14. Figure (1) 
shows the formation of an edge bead at the start 
of the spin up stage, where the flow controlled 
thinning 

 

 

dominates, thereby resulting in the formation of 
the bead at the periphery of the substrate. The 
final structure of edge bead after evaporation is 
shown in figure (2).  

The edge bead can be minimized by reducing the 
gradual build up, during the initial spin up and 
also by the use of recessed chuck, which reduces 
the gradient of carrier gas velocity at the edge of 
the plate, with respect to the center of the 
substrate.  

 Figure (2): Simulated result showing Edge 
bead after evaporation. 

Figure (1): Simulated result showing Edge 
bead during spin up 



 

The schematic view of edge bead observed in spin 
coated ATO thin film after evaporation is shown in 
figure (3), which indicates a close coincidence with 
the simulated plot. 

 

 

 

 

3.2. Striations 

 Striations are radially oriented lines of thickness 
variation, generated on the surface of the spin coated 
films. They are quite smoothly varying in thickness 
and variations with a spacing or periodicity, in the 
range of 50-200 micron10. Their orientation 
corresponds to the direction of major fluid flow. 
These defects occur due to the evaporation driven 
surface tension effects.  

 

 

 

The early evaporation of light solvents can 
cause an enrichment of less volatile species in the 
surface layer15. If the surface tension of this layer is 
larger than the starting solution then instability 

exists, where the higher surface tension actually 
draws material in, at regular intervals and the 
spaces in between are more able to evaporate, 
and surface relief develops17.  
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This is essentially due to the Marangoni effect, 
which caused striations and streaks or flares. 
The formation of striations is predominantly due 
to the uneven evaporation of the solvent in the 
various parts of the substrate. This may lead to 
greater solvent concentration at the deeper 
portions. Figure (4) shows simulated result of 
striations formed on a symmetrical substrate 
with radial outflow9, from which it is obvious 
that the striations formed are more uniform at 
the center than at the periphery.  These results 
are well in agreement with the experimental 
observations of the ATO thin film, as shown in 
figure (5) 

 

 

Figure (5): AFM image showing the Striations   
with radial outflow of resin (experimentally 
observed in ATO thin film spin coated on glass 
substrate) 

Figure (4): Simulated result showing striations 
formed on a symmetrical substrate with radial 
outflow. 

Figure (6): Simulated result showing striations 
formed on an asymmetrical substrate with 
normal outflow. 

Figure (3) Experimentally observed edge bead 
in ATO thin films after evaporation. 



 

The figure (6) shows the formation of striations, 
in which the outflow of the resin is normal to the 
substrate. Striations can be minimized by reducing 
uneven evaporation during the initial spinning 
process, which can be achieved by using solvent of 
low volatility.   

3.3 Comets 

 These are pits found on the spin coated films, 
when relatively larger solid particle impede the resin 
on the wafer. The view of a comet observed in a spin 
coated ATO thin film is shown in the figure (7).  The 
presence of comets can be eliminated by working in 
cleaner environments and by filtering coating 
solutions during the dispense process. The other 
parameters for the occurrence of comets are higher 
fluid velocity, dispense rate, exhaust rate, spinning 
speed, acceleration.  

 

 

 

The above said are the factors, which affect almost 
all the properties of the film. But the major factors 
for the formation of the comet are the presence of 
solid particle or impurities in the spin coater, or may 
be due the high viscosity of the resin.  Studies 
indicate that comets can be minimized by using the 
resin of relatively low viscosity without any 
insoluble solid particles or impurities. 

4. Results and Discussion 
  The simulated results of film thickness obtained 

from the mathematical model, are compared with the 
observed film thickness of Antimony doped tin oxide 
thin films spin coated at different spin rate and spin 
duration. The influence spin time on the simulated 
and experimental values of film thickness, at 

constant spin rate (3500 RPM) is shown in the 
table 1. 

 
       Table - 1 Effect of spin rate on simulated and 

experimentally observed film thickness at 
constant spin rate ( 3500 RPM )  

 
4.1  Effect  of  spin  rate  on  film  thickness 

 
Film thickness is largely a balance between 

the force applied to shear the resin towards the 
edge of the substrate and drying rate. As the 
resin dries, viscosity increases, until the radial 
centrifugal force of the spin process can no 
longer appreciably move the sol over the 
surface. At this point, the film thickness will not 
decrease significantly with increased spin time 8. 
The variation of film thickness with spin rate at 
different spin time is shown in the figure (8).  
The plot shows a parabolic fall in film thickness 
at lower spin rate (upto 3500 rpm) and 
saturation behaviour at higher spin rate (beyond 
3500 rpm) and this kind of variation in film 
thickness may be attributed as follows. 

Figure (8) Variation of simulated and 
experimentally observed film thickness with 

spin rate at constant spin time t = 10 sec
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 nm 
4 676 714 
6 537 576 
8 408 448 

10 272 350 
12 214 324 
14 168 300 
16 138 280 

Figure (7) A view of the comet experimentally 
noticed in spin coated ATO thin film 



At higher spin rate, the shear rate acting on the 
surface is maximum, which changes from the center 
to the edge radially. This can give thickness 
variation, which increases radially. At very high 
spin rate, most quantity of the resin is thrown out of 
the substrate surface due to the action of high degree 
of centrifugal force. At this point, the solvent 
evaporation mechanism and shear rate variation 
dominates9, which results in the saturation of film 
thickness.  

 
4.2 Effect of spin time on film thickness 
 

Figure (9) shows the variation of film thickness with 
spin time at different spin rate. Further the figure 
indicates a close coincidence between the simulated 
values and experimentally observed results. It is 
evident from the plot that the film thickness linearly 
falls down upto the spin time 10 seconds, beyond 
which shows a saturation tendency and this may be 
attributed as follows. 
 

Figure (9) Variation of simulated and 
experimentally observed film thickness with 

spin time at the spin rate 3500 RPM
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Generally the radial force, which provides force to 

the resin, increases with spin time, which in turn 
gradually raises the resin dispersion and the thinning rate. 
As a result film thickness decreases with the increases in 
spin time. Moreover, in the final stages of spinning, 
evaporation dramatically contributes to the compositional 
changes and this increases with spin time, which reduces 
film thickness. When the spin time exceeds 10 seconds 
the resin thinning rate and evaporation reach saturation 

state, which in due course produce films of almost 
saturated thickness. 
Conclusion 

In this work, Buckingham’s π theorem has been 
used for the formulation of mathematical model. 
The results are simulated using MATLAB 
software with the conditions that the resin is a 
mixture of ethyl alcohol, tin chloride and 
antimony tri chloride coated on a rectangular 
glass substrate at various spin rate and spin time. 
The results simulated and experimentally 
observed are in close agreement. The simulation 
and experimental studies indicate that the 
optimized film thickness and defect reduction 
can be obtained for ATO thin film coated at a 
spin rate of 3500 rpm with a spin time of 10 
seconds. Studies indicate that 1) usage of 
recessed chuck can minimize the edge bead 
effect, 2) Striations can be minimized by 
reducing uneven evaporation during the initial 
spinning process, which can be achieved by 
using solvent of low volatility and 3) Comets can 
be minimized by using the resin of relatively low 
viscosity without any insoluble solid particles or 
impurities.  
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. 
Abstract 
Thin films of ferric oxalate dispersed in poly vinyl chloride (PVC) were synthesized. Ferric oxalate was 
dispersed in PVC films at various concentrations. These films were irradiated with 80MeV O6+ ions at a 
fluence of 1× 1011 ions/cm2.The radiation induced changes in dielectric properties and microhardness were 
studied in the paper. The dielectric properties namely; electrical conductivity and dielectric constant were 
measured as a function of frequency. It is observed that hardness and electrical conductivity of the film 
increases with the concentration of dispersed ferric oxalate and also with the fluence. It indicates that ion 
beam irradiation promote the metal to polymer adhesion, and to convert the polymeric structure in to 
hydrogen depleted carbon network, which make polymer more harder and more conductive.  
Key words: Polyvinyl chloride, Ferric oxalate, Ion irradiation, Electrical properties, Microhardness.    
*Corresponding author: Tel: +91-265-2783924, Fax: +91-265-2787556, E-mail: singhnl_msu@yahoo.com. 
 

1. Introduction 
Polymer composites filled with metal fillers are of 
interest of many fields of engineering. It is widely 
used for different applications: packaging, 
decorative, coatings, capacitors, magnetic tapes, 
electromagnetic interface (EMI) shielding, adhesives 
and sensors etc. The use of organic and inorganic 
fillers is a common practice in the polymer industry 
to improve the mechanical properties of 
thermoplastic materials such as heat distortion 
temperature, hardness, roughness, stiffness and mold 
shrinkage or to decrease other properties such as 
permeability and often material price. The filler 
effect on the composite properties strongly depends 
on its shape, size, aggregation state, surface 
characteristics and degree of dispersion. Ion beam 
modification is well known established and 
economical method for modifying the properties of 
polymer composites. Important properties of such 
polymer composites, i.e. mechanical properties 
thermal stability, chemical resistance, melt flow, 
process ability and surface properties can be 
significantly improved by ion beam irradiation. A 
filed polymer differs substantially from the free one 
in wide range of properties. These materials can be 
cross-linked by radiation to obtain useful properties. 
Our interest in dispersion of organometallic 
compound is mainly because of ion irradiation 
induced enhancement of both electrical conductivity 
and mechanical (microhardness) properties of 
polymers. In this study, the PVC films were 
dispersed with different concentrations (i.e. 5%, 10% 
and 15%) of ferric oxalate compound and irradiated 
with 80MeV O6+ ions at the fluence of 1x 1011 

ions/cm2. We have studied the mechanical property 
(i.e. micro hardness),  and electrical properties by 
means of Vickers’ microhardness indentation, and 
LCR meter respectively. 
 
2. Experimental Detail 
As an organometallic compound we took ferric 
oxalate. It was formed by taking 6.24g of oxalic acid 
and 5.24g of ferric chloride with ethanol as a solvent 
in a round bottom flask, and it was refluxed for 4h at 
600C. The excess of ethanol was then distilled out 
and the substance was dried at 750C for 3h in an 
oven. The PVC and ferric oxalate compound of 5%, 
10%, and 15% were dissolved using toluene and the 
solutions were mixed and stirred thoroughly for 
about an hour and poured on clean glass trough. The 
solvent was evaporated at room temperature (250C+ 
10C) to get thin films (thickness ~50ì m) of 
dispersed PVC with 5%, 10%, and 15% 
concentration of ferric oxalate compound.  The films 
were used for irradiation. All films were irradiated 
with 80 MeV O6+ ions at a fluence of 1× 1011 
ions/cm2 from the pelletron of the Nuclear Science 
Centre (NSC), New Delhi. A Carl Zeiss microscope 
and accessories were used to investigate 
Vickers’micro hardness of all samples. The electrical 
properties of all samples were measured in the 
frequency range 0 .05-100kHz at ambient 
temperature using variable frequency LCR meter 
(General Radio, USA; model-1689). The 
conductivity was calculated using the relation ó = t 
/R A (¿ -1 cm-1), where R is resistance measured, A 
is the cross-sectional area of the electrode and t is 
the thickness of the polymeric film. The dielectric 



constant was calculated using the relation relation å  
= Cp/Co, where Cp is capacitance measured using the 
LCR meter and C0=åoA/t, where åo is the permittivity 
of vacuum.  
 
3. Results and Discussion 
3.1 AC electrical frequency response 
AC electrical measurement was performed for 
pristine and irradiated samples. Fig.1 shows the 
variation of conductivity with log of frequency for 
the pristine and irradiated samples at different ferric 
oxalate concentration. A sharp increase in 
conductivity was observed around 10 kHz for 
dispersed pristine and irradiated samples. It is also 
observed that conductivity increases with increasing 
concentration of dispersed ferric oxalate compound ( 
Fig1.a) as well as irradiated one at the fluence of 1× 
1011 ions/cm2 (Fig 1.b)  respectively. 
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Fig.1(a) AC conductivity versus log frequency  for 
pristine pure and dispersed ferric oxalate in PVC 
films. 
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Fig.1(b) AC conductivity versus log frequency  for 
irradiated pure and dispersed ferric oxalate 
compound in PVC films.    
The increase in conductivity with different ferric 
oxalate concentration for pristine samples may be 
attributed to the conductive phase formed by 
dispersed organometallic compound in polymer 
matrix. It is known that electrical conductivity of 
such composites depends on the type and 
concentration of the dispersed compound [4, 5]. As a 
result the conductivity of dispersed films increases 
on increasing the concentration of ferric oxalate 
compound in the polymer matrix. It is also observed 
from Fig.1b that after the irradiation the conductivity 
increases with  increasing  the concentration of 

dispersed organomettalic compound. It is expected 
to promote the metal to polymer bonding and 
convert the polymeric structure to a hydrogen 
depleted carbon network. It is this carbon network 
that is believed to make the polymers more 
conductive [2]. 
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Fig.2(a) Plot of dielectric constant versus log 
frequency for pristine pure and dispersed ferric 
oxalate compound in PVC films. 
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Fig.2(b) Plot of dielectric constant versus log 
frequency for irradiated pure and ferric oxalate 
dispersed compound in PVC films. 
Fig 2 (a) and 2 (b) show the plot of dielectric 
constant versus log frequency for pristine and 
irradiated samples at a different ferric oxalate 
concentrations. As evident from the graph, the 
dielectric constant remains almost constant up to 100 
kHz. At these frequencies the motion of the free 
charge carriers is constant hence there is no change 
in dielectric constant. It is also revealed that 
dielectric constant increases as ferric oxalate 
concentration increases for pristine and irradiated 
samples [6]. The magnitude of dielectric constant is 
higher for irradiated films compared to pristine one. 
The increase in dielectric constant may be attributed 
to the chain scission and as a result the increase in 
the free radicals, unsaturation, etc.  
 
3.2 Micro hardness 



0 200 400 600 800 1000

48

49

50

51

52

53

54

55

56

H
v
(M

P
a

)

Load(mN)

 PVC-pristine
 PVC+5% Fe-Pristine
 PVC+10% Fe- Pristine
 PVC+15% Fe Pristine

 
Fig 3(a) Plot of hardness (Hv) versus applied load 
(P) for pristine pure and dispersed ferric oxalate 
compound in PVC films. 
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Fig.3 (b) Plot of hardness (Hv) versus applied load 
(P) for irradiated pure and dispersed ferric oxalate 
compound in PVC films.    
Fig.3 shows the plot of the Vickers’ microhardness 
(Hv) versus applied load (P) for pristine (Fig.4a) and 
irradiated (Fig.4b) films of pure PVC, and dispersed 
ferric oxalate compound of 5%, 10% and 15% in 
PVC films. The microhardness indentations were 
carried out on the surface of the pristine and 
irradiated films at room temperature under the 
different applied loads from 50mN to 1000mN and 
at a constant loading time of 30 seconds. 
It has been observed that Hv value increases with the 
load up to 100mN and then decreases and become 
saturated beyond the load of 300mN. Hardness can 
be defined as resistance to indenter penetration, or as 
the average pressure under the indenter, calculated 
as the applied load divided by the projected area of 
contact incorporating the plastic component of 
displacement. The hardness is known to be 
influenced by surface effects. Particularly at low 
penetration depths, the strain hardening modifies the 
true hardness of the material. At the higher loads, 

beyond 400 mN, the interior of the bulk specimen is 
devoid of surface effects. Hence the hardness value 
at higher loads represents the true value of the bulk 
and it is consequently independent of the load. It is 
found that hardness increases as ferric oxalate 
concentration increases. It may be due to the 
improvement in bonding properties [7]. The 
hardness also increases on irradiation of the samples. 
This may be attributed to hydrogen depleted carbon 
network which make polymer harder [2]. 
 
Conclusions                                                                                                                     

Ion irradiation has been shown to significantly 
enhance both electrical and microhardness of 
organometallic compound dispersed PVC films. It 
may be attributed to the metal to polymer adhesion 
and to convert the polymeric structure in to hydrogen 
depleted carbon network. This carbon network is 
believed to make the polymer harder, more 
conductive.  
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ABSTRACT: 
 
Diglycine Hydrobromide (DGHBr) a new semi organic nonlinear optical material with molecular formula 
C4H10N2O4.HBr has been synthesized at ambient temperature. Spectral, thermal and optical techniques have been 
employed to characterize the new material. The solubility of DGHBr at different temperatures was determined in water. 
Powder X-ray diffraction pattern of the grown DGHBr has been recorded and indexed. Functional groups present in the 
sample were identified by FTIR spectral analysis. Chemical composition of the synthesized material was confirmed by 
CHN analysis. Thermal stability of DGHBr was identified from TGA/DTA response curve. The Kurtz powder second 
harmonic generation test shows that the compound is a potential candidate for optical second harmonic generation.  The 
optical transparency range and the lower cut-off of UV transmission were identified from the recorded Vis–IR spectrum 
of DGHBr. The optical energy gap of DGHBr was calculated.  
 
1. INTRODUCTION      
                                                                   
Nonlinear optics (NLO) is at the forefront of current 
research because of its importance in providing the key 
functions of frequency shifting, optical modulation, 
optical switching, optical logic and optical memory for 
the emerging technologies in areas such as 
telecommunications, signal processing, and optical 
interconnections 1,2. Amino acids and their complexes 
belong to a family of organic materials that have 
applications in non-linear optics. Amino acids are 
interesting materials for NLO application as they contain 
a proton donor carboxyl acid (-COOH) group and the 
proton acceptor amino (NH2) group in them. L-arginine 
and L-arginine phosphate, for example, have shown 
promising results as efficient second harmonic generators 
and are being applied in devices such as optical 
parametric amplifiers 3. In our laboratory   the growth of a 
new NLO crystal Diglycine Hydrobromide (DGHBr), an 
inorganic salt of the amino acid glycine was carried out. 
Details of synthesis, bulk crystal growth and 
characterization of   DGHBr are presented in this paper.   
 
2. EXPERIMENTAL 
 
2.1 Synthesis 
  
GR grades Glycine (99.7%) and hydrobromic acid (49%) 
were used to synthesize DGHBr. Aqueous solution of 
Glycine was mixed with 2N hydrobromic acid in 2:1 
ratio. This solution was allowed to undergo evaporation 
by heating at 40°C. The resulting solid was dried and 
purified by repeated crystallization in water. The material 
thus prepared was analyzed by physical and chemical 
methods and confirmed to be DGHBr. This compound 
was used to grow bulk crystals. Following chemical 
reaction yields DGHBr:   

2 ( NH3
+CH2COO

- )  +  HB r  ( NH3
+CH2COO

- 
)( NH3

+CH2COOH )B r
-

 

    
 2.2 Solubility  
 
 Solubility of the synthesized DGHBr in water at various 
temperatures was determined. The solubility curve is shown in 
Figure 1.  The solubility data   could be fitted to an equation of 
the form S = AT2+BT+C   where A =0.00109, B = -0.03971, 
and C=0.96684, S and T are the solubility expressed in gm/cc 
and temperature in degree Celsius, respectively. DGHBr has  
positive temperature coefficient of solubility and hence 
suitable for the growth by slow cooling as well as by slow 
evaporation method. 
 

 
Fig 1 Solubility of DGHBr 

 
 2.3 Crystal growth 
 
A saturated solution of DGHBr at 40°C was prepared in   
water and kept to undergo slow evaporization by cooling at a 
rate of 0.5°C per day. Optically good tiny crystals obtained 
during recrystallization were used as seeds and suspended in 
the supersaturated solution when the temperature reached 
30°C. The growth temperature was maintained at 30°C in the 
crystal growth apparatus.   Bulk crystals   of dimension 
40x12x4 mm3 were harvested after a week.  DGHBr is stable at 
ambient temperature and non hygroscopic. Figure 2 is the 
photograph of as grown DGHBr crystals.  
 



  

  

 
                                             

Fig 2. Single crystals of   DGHBr 
        
 3. CHARACTERIZATION  
 
3.1 CHN Analysis  
 
In order to confirm the chemical composition of the 
synthesized compound CHN analysis was carried out 
on the recrystallized sample using the instrument 
Elementar Vario EL III CHNS analyzer. The result of 
the analysis is presented in Table1.Theoretical values 
of CHN were found by   the molecular formula 
C4H10N2O4.HBr. The experimental and calculated 
values of C, H and N agree each other confirming the 
formation of DGHBr. 
 

Table.1 Microanalysis of   DGHBr 
 

Element Experimental Computed 
Carbon % 21.24 20.8 
Hydrogen % 4.64 4.76 
Nitrogen% 12.08 12.12 

 
3.2 Powder X-ray diffraction studies 
 
 Powder X-ray diffraction pattern of the grown DGHBr 
was recorded using BRUKER D8 ADVANCE powder 
diffractometer with Cu Ká radiation (ë =1.5418�). The 
sample was scanned at a rate of 1° per minute in the 
range10° to 70°. Figure 3 shows the powder X-ray 
diffraction pattern of DGHBr. From the X-ray 
diffraction pattern, the lattice parameters and the cell 
volume have been calculated   (Table 2). These reveal 
a close agreement with the reported values [8]. The 
prominent peaks in the XRD pattern have been 
indexed.  The X-ray diffraction pattern has the highest 
intensity corresponding to   ( 220) plane.  

 
 

Fig  3. Powder XRD pattern of DGHBr 
 

Table 2 Unit cell parameters of DGHBr 
  

Parameter Experimental Literature4 

Space Group P212121   P212121   

a (�)  8.20976 8.21 

b (�)  18.43097 18.42 
c (�)  5.40423 5.40 
V (� 3 ) 817.73541 807.68 

     
  3.4 FTIR    studies  
 
Functional groups present in the sample were analyzed 
using FT-IR spectrum. The spectrum was recorded using 
the AVTAR 370DTGS FT-IR spectrophotometer in the 
wave number range 400 - 4000 cm-1 with KBr pallet 
method. The FT-IR absorption spectrum of DGHBr is 
shown in Figure 4.  Different molecular groups present in 
DGHBr were identified with the help of the available data 
[5,6,7] on the vibrational frequencies of amino acids and 
their complexes.     
        The broad and strong bands lying between 3116cm-1 
and 2230cm-1 are due to the absorption of the superimposed 
O-H and NH3

+ stretching. The bands observed at 1624 cm-1 
and at 1494cm-1 are assigned to asymmetrical and 
symmetrical NH3

+ bending respectively. The strong band 
observed at 1731cm-1 is assigned to protonated carbonyl 
group of one of the glycine an ion. The   band observed at 
1441cm-1 is assigned to carbonyl group of the other  glycine 
an ion.  The band at 1938cm-1 is assigned to a combination 
of the asymmetrical NH3

+ observed at 1624 cm-1 and 
torsional oscillation band   observed at 501cm-1. 
 

                                                   
 

Fig 4 FTIR spectra of DGHBr 
 
3.5 TGA/DTA analysis  
 
Thermal properties of grown DGHBr were studied   in 
powder form by recording TGA/DTA response curve in the 
temperature range 28°C and 800°C using the STA 409C 
Thermal analyzer under nitrogen atmosphere.  Figure 6 
shows the TG /DTA graph of DGHBr. Heating was carried 
out at a rate of 20°C/min. DGHBr shows two major peaks. 
The first peak appearing at 170°C   may be assumed to be 
due to the melting. The melting point of the sample 
measured by standard methods was 169°C. The sharpness 
of the thermogram is also illustrative of the crystal purity 
without association of any impurities8. The second peak 
appearing at 266°C   curve may be due to the decomposition 



  

  

of the compound.   There is no loss of weight below 
125°C in illustrating the absence of any absorbed water 
in the sample. Thus from the thermal analysis it may be 
noted that DGHBr is stable up to 170 °C.  
 

 
 

Fig 5  TG/DTA graph of DGHBr 
 
3.6 UV- vis-IR spectra 
 
              A good optical transmittance is highly 
desirable in an NLO crystal since the absorptions, if 
any in an NLO material near the fundamental or the   
second harmonic will lead to the loss of conversion 
efficiency  in UV region. The UV-Visible spectrum of 
DGHBr was recorded with Varian Cary-5E UV-Vis-
NIR spectrophotometer in the range 200- 1000 nm with 
a crystal of thickness 2mm. The response curve (Figure 
6) shows that there is very small absorption in the 
visible and NIR region. The lower cut off DGHBr is 
230 nm.  The lower cutoff wavelength of DGHBr    is 
relatively lower compared other standard semi organic 
NLO crystals. Because of this DGHBr is useful for 
optoelectronics applications and the second harmonic 
generation from the Nd: YAG, GaAlAs laser diodes 
etc. which are emitting fundamental in the wavelength 
region down to 500 nm. Energy gap was calculated by 
the graph of (áE) ½ Vs E. The optical energy gap 
obtained from the graph is 4.6eV 
 

 
 

Fig 6  UV- vis-NIR  spectra   DGHBr 
 
3.8 Second harmonic generation  
 
The second harmonic generation efficiency was 
determined by the modified version of the powder 
technique developed by Kurtz and Perry9 using Quanta 
Ray Spectra Physics model: Prolab170 Nd: YAG 10 ns 
laser with a pulse repetition rate of 10Hz working at 
1064 nm. The sample was ground into fine powder and 
tightly packed in a micro capillary tube. It was 
mounted in the path of the laser beam of pulse energy 
9.6 mJ obtained by splitting the original laser beam. 

The transmitted light is passed through 532 nm 
monochromator (TRIACS 550). The green light at double 
the incident frequency was collected by photo multiplier 
tube (PMT-Philips Photonics XP 2020) and converted into 
electrical signal. This signal was displayed on the 
oscilloscope (Textronics TDS 3052B). Signal amplitude in 
milli volts on the oscilloscope indicates the SHG efficiency 
of the sample. Potassium dihydrogen phosphate (KDP) 
ground into the identical size was used as reference material 
in the SHG measurement. The SHG efficiency of the grown 
DGHBr crystal was found to be equal to 0.8 times that of 
KDP. 
 
4.  CONCLUSION 
 
Diglycine hydrobromide has been synthesized and bulk 
single crystals of size 40x12x4 mm3 of were  grown by slow 
evaporation of aqueous solution at constant temperature. 
DGHBr crystals were characterized by chemical analysis, 
XRD and FTIR studies. DGHBr crystallizes in 
orthorhombic system with a = 8.20976Å, b=18.43097Å, 
c=5.40423Å; space group P212121.  DGHBr is thermally 
stable up to 170°C.  Second harmonic generation efficiency 
of the grown crystals was   found to be 0.8 times that of 
KDP. DGHBr has good optical transparency range and its 
lower cutoff wavelength is 230 nm. The optical energy gap 
estimated from the optical response curve was found to be 
4.6 eV. 
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ABSTRACT 

The structural disorders form localized states with in the band tails of electronic states, which cause changes of 
the optical and electrical transport processes in amorphous materials, and the amount of disorder is significant to control 
the physical properties of these materials. In this study polypyrrole thin films in the pristine and iodine doped forms  
have been prepared by ac plasma polymerisation. The insitu doping of iodine in these films affects the optical 
absorption behavior of the thin films due to the incorporation of charged defects in the film structure. The Urbach tail 
analysis of the pure and doped thin films shows the defect levels created when the polymerisation is carried out in the 
iodine atmosphere. The optical band gap decreased and electrical conductivity enhanced in the case of iodine doped 
films, when compared to the pristine films. The results are correlated with the structural difference of these thin films 
evolved during the polymerisation with the help of FTIR analysis.  

Key words: Urbach tail, plasma polymerisation, polypyrrole, Iodine doping, band gap. 

 
1. INTRODUCTION 

Plasma polymerization is an excellent 
technique for the preparation of organic and inorganic 
thin films on various substrates from a starting monomer 
[1] This technique is used not only to deposit thin films 
on appropriate substrates but  to control the composition 
of the surface layer for suitable applications also. 
Plasma assisted deposition of thin films is a fast 
growing area in the field of polymer film deposition due 
to its inexpensiveness and processing versatility. Plasma 
polymerisation is used to modify the surface properties 
of various materials like thin films, nanopartices, 
nanotubes etc. The morphology and composition of the 
plasma polymers is a function of the plasma parameters 
like power in put, monomer flow rate, monomer vapor 
pressure, substrate temperature and the positioning of 
the substrates relative to the plasma zone. The thin films 
prepared by the plasma polymerisation technique is 
generally amorphous, pinhole free, chemically inert and 
thermally stable. The potential applications of plasma 
polymers, due to their interesting photonic and 
electronic properties, include anti-reflection coatings, 
polymer LEDs, optical sensors, surface passivation 
coatings and low dielectric intermetallics. Enhancement 
of the charge carrier injection by the plasma treatment 
of the ITO electrodes used in the fabrication of organic 
LEDs is another interesting application of the plasma 
polymerisation.[2.] Plasma polymer thin films of 
various materials like polyaniline, polypyrrole, 
polythiophene etc have been found to have a variety of 
potential applications in various fields. 

 Polypyrrole is a widely studied polymer in its 
bulk and thin film forms due to its excellent thermal 
stability in air. In monomer form it is a simple hetero 
cyclic organic compound. [3] Even though some reports 
on plasma polymerized pyrrole thin films in its pure and 
doped form are available in the literature, a systematic 

study on the stability and structure of the insitu iodine 
doped plasma polymerized pyrrrole thin films, and the 
effect of  doping on its optical and structural properties 
due to the charged defects created during the 
polymerisation process has not been reported. An 
attempt to explain the modification of the optical and 
structural properties and the Urbach tail analysis of the 
absorption spectrum is made in this paper.  

The structural disorders incorporated in  
amorphous solids are important factors which can affect 
their physical properties. The electric transport and 
optical properties in amorphous materials show  
changes according to the disorders frozen in these 
materials. Effects of the structural disorders on the 
electronic structure of amorphous solids can be clearly 
observed at the band edges.[ The signature of a 
disordered system is the narrowing of band gap and the 
formation of localized states with in the band tails. The 
reflections of these effects in the electronic structure can 
be represented by two separate regions called Tauc and 
Urbach regions. In a doped polymer the electron 
accepting or withdrawing groups incorporated during 
the doping process form defect levels due to the 
incorporation of charged species, which will reduce or 
enhance the binding energy of the carriers,  and that 
results in the modification of the optical and structural 
properties of the solids[4] The optical absorption 
spectrum shows a tail below the absorption edge at a 
finite temperature. The tail part near the absorption edge 
in various non metallic amorphous materials can be 
expressed empirically as[5] 

( ) ( ) ( )0
0, exp

B

T E E
E T

k T

σ
α α

 −
= − 

 
 

where the absorption coefficient á is a function 
of the photon energy E and the temperature T. E0  is the 
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photon energy, á0 is the absorption coefficient at E=E0 , 
and ( )Tσ is the steepness coefficient and depends on 

the temperature and  is a measure of the defect states 
frozen in an amorphous solid.. From the analysis of the 
absorption spectrum, the defect levels of doped and 
pristine thin films are compared. 
2. EXPERIMENTAL 
2.1 ac plasma polymerization 

The experimental set up for ac plasma 
polymerization unit (home built) is depicted in fig 1. It 
consists of two parallel stainless steel electrodes, each of 
diameters 0.23 m and placed 0.05 m apart. 
Ultrasonically cleaned glass substrates were placed on 
the lower electrode for the polymer thin film deposition. 
The ac plasma polymerization chamber was evacuated 
using a rotary pump. Monomer is injected into the glass 
chamber between the electrodes by means of a glass 
sprayer at a monomer vapour pressure of 0.25 Torr. 
Plasma discharge was obtained in the chamber by 
applying a potential of 500-800V between the electrodes 
with electrode current lying in the range 50-70 mA. In 
the present study metal- polymer-metal sandwich 
structures of cross sectional area 0.25x 10-5 m2 were 
used for the conductivity studies. 

Fig1. Set up for ac plasma polymerisation  
 

2.2 Insitu doping of iodine  
Iodine doping of plasma polymerized pyrrole 

thin films was carried out by introducing iodine vapour 
in to the plasma polymerization chamber along with the 
monomer vapour by means of a separate feed through. 
The introduction of iodine vapour into the chamber is in 
such a way that this does not affect the pressure inside 
the vacuum chamber. The thin films prepared in the 
iodine atmosphere are heated at 330 K for expelling the 
part of the iodine not incorporated in the polymer matrix  
2.3 UV-Vis –NIR and FTIR spectroscopy.  

The FTIR spectra of pure and doped  
polypyrrole thin film were recorded by a Nicolet Avatar 
360 FTIR Spectrophotometer in the wavelength range of 
400 cm-1- 4000cm-1 under identical conditions. The UV-
Vis-NIR absorption spectra of the samples were 
recorded using a JASCO-V-570 UV-Vis-NIR 
spectrophotometer. The optical band gap of these 
samples was evaluated from the photon energy -
absorption plot. DC electrical conductivity studies were 
carried out using Keithley 236 SMU. 
 
 

3.  RESULTS AND DISCUSSION  

3.1 FTIR Studies 

     After doping with iodine, there is a shift in 
the N-H stretching and C-N stretching bands. The shifts 
observed in the N-H and C-N stretching bands indicate 
that the dopant atoms might be getting attached to the 
nitrogen sites of polypyrrole. The frequencies assigned 
for different peaks obtained in the FTIR spectra of pyrrole 
and pristine and iodine doped polypyrrole are given in 
table 1.  
Pyrrole 
Monomer 
(cm-1) 

Polypyrrole   
(cm-1) 

Iodine doped 
polypyrrole 
 (cm-1) 

Assignment 

3388.5 3403.80 3390 N – H Stretch 

2940.24 2925.88 2920.37 CH3 Stretch 

2289.49 2216.88 2217.03 C≡N stretch 

17.4.23 1675.5 1635.07 
C=C stretch of 
pyrrole ring 

1285.25,122
2.7 

1262.18 1252.16 C–N stretch 

710.5 732.5 729.69 

Out-of-plane CH 
frequencies of 
aromatic pyrrole 
ring 

Table 1.  Assignments of FTIR absorption bands of undoped 
and iodine doped polypyrrole  

 
 From the analysis of the FTIR peaks it can be 
concluded that iodine doping modifies the structure of 
the plasma polymerized pyrrole. Some extent of 
conjugation  is also there in the structure of the plasma 
polymer, evidenced  by the presence of C = C stretch     
of the pyrrole ring. Because of this extent of conjugation 
in the structure of plasma polymer, iodine doping shows  
frequency shifts in the FTIR spectrum and brings about 
reduction in the optical band gap and enhancement in 
the d.c. electrical conductivity [6] 

3.2 UV-Vis-NIR  and dc conductivity studies  

 The optical absorption shows an 
exponential behavior and considerable difference in the 
case of pure and doped samples. It is found that the 
sharp absorption edges are not present in the case of the 
doped samples. 

 The Mott equation describes the 
relationship between energy E and the absorption 
coefficientα for amorphous semiconductors with a 
linear relation ship between 1

2( )Eα and E. The Mott plot 

for the polypyrrole is given in figure 2 and from it the 
band gap is determined by  the equation[7] 

1
2

( ) ( )gh B h Eα ν ν= −
, where B is a constant and Eg is the 

bang gap. 
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Fig 2. Mott plot of plasma polymerised pristine and iodine doped  pyrrole.
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Fig 2. Mott plot of plasma polymerised pyrrole. 

Iodine doping results either in the creation of  
charge transfer complexes or molecular aggregates and 
this   affects the charge transport properties. [8]. Iodine 
may enter into the polymer chain substitutionally or 
reside with in the defect levels in the amorphous 
regions. Due to its high electro negativity, iodine 
interacts with the polymer backbone, leading to 
structural modification. This induces additional defect 
levels in the doped samples indicated by the exponential 
tail with decrease in photon energy below the band gap. 
Doping with electron acceptors like iodine increases the 
electrical conductivity since iodine doping  decreases 
the binding energy of carriers. [9] The I-V 
characteristics (fig 3) show an enhancement of electrical 
conductivity of a few orders in magnitude in the case of 
doped films when compared to its pristine form. 
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Fig 3. I-V characteristics of pure and doped  polypyrrole 

  
3.3 Urbach tail analysis of polypyrrole thin films  

The broadening of the Urbach tail increases 
with increase in defect states of the films. From the 
inverse of the slope of the lnα  vs hν  plot,the value of 
the tail width E0 (in eV) is calculated. In the high energy 
region  (visible), the E0 values in the doped and pristine 
films have been estimated as 2.37 eV and 0.64 eV 
respectively. The high E0 value in the case of doped 
films shows a disordered structure which represents the 
defect states created in the visible region 
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Fig 4. ln( )hα ν  vs. photon energy plot of pyrrole 

 
The E0 value of the pure sample (0.45 eV) is 

greater than that of the doped films (0.357 eV) in the 
NIR region which indicates that the defect states or 
additional energy bands created by doping is more 

prominent in the visible region than in the NIR region.  
The increase in the value of E0 in the doped polypyrrole 
films shows the enhancement of the charged defect 
states when the polymerisation is carried out in the 
iodine atmosphere. By doping , the molecular orbitals of 
the polymer  shift towards a smaller binding energy with 
respect to the Fermi level. As a result of the reduction in 
the binding energy the conductivity of the samples 
increases  
4. CONCLUSION 

Considerable changes are observed in the 
structural, optical, and electrical properties of iodine 
doped poly pyrrole thin films when compared to their 
pristine counterparts The decrease in band gap and 
enhancement of conductivity are explained on the basis 
of the decrease in binding energy by the incorporation 
of charged defects. The enhancement of defect levels by 
iodine doping is explained by the help of Urbach tail 
analysis. It is found that the disorders created by doping 
are more prominent in the visible region than in the  
NIR region. 
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ABSTRACT 

A comprehensive investigation of the polyphosphazene NLO polymer with pendant NPADP has been carried out to 
determine their linear and non-linear optical properties. These molecular systems show very large non-linear optical 
activity. The static hyperpolarizabilities (âtot), entropies and the frontier molecular orbital energies are calculated. The 
relationship of HOMO–LUMO gap with the total static hyperpolarizability is analysed based on computed results. The 
enormous enhancement of the hyperpolarizability for a particular dihedral angle is predicted in these novel molecular 
systems. The structural features responsible for the very large non-linear optical activity in these polymeric systems have 
also been discussed. 
 
1. INTRODUCTION 

 
Nonlinear optical (NLO) polymeric materials have been subject of tremendous interest in recent years for potential 
applications in photonic devices, such as optical switches, electro-optic (EO) modulators, and high-density optical data 
storage media1-4. Due to their high intrinsic nonlinearities, low dielectric constants, fast response times, ease-of-
processibility, and low cost, several types of polymeric NLO systems have been proposed, including guest-host5, side-
chain6, main-chain, and cross-linkable systems7-8. The value of the second order optical susceptibility ÷ (2), in a given NLO 
system depends on the molecular hyperpolarizability â, the number of chromophores, and the degree of non-
centrosymmetry. The major impediment in using devices based on these materials commercially is the development of NLO 
polymer materials with simultaneous high nonlinearity and good thermal stability. Understanding the physical mechanisms 
of chromophore orientation and the static properties of NLO polymers is essential to develop such systems with high 
nonlinearity and excellent long term stability. Ab initio quantum-chemical calculations can be used to predict the NLO 
properties, solvation effects and electron correlation at the MP2 or DFT levels accurately, even for very large molecules. 
Hence, quantum chemical modeling of poly phosphazene based non linear optical polymer with pendant 4-(4-Nitro phenyl 
azo)-2-Pentadecinyl Phenol (NPADP) is taken up as part of design of high efficiency NLO polymeric films suited for 
photonic applications.   

 

2. COMPUTATIONAL DETAILS 

 
Computations have been performed at HF/ STO-3G level of theory to optimize the molecular structure and predict the 
molecular first hyperpolarizabilities of NPADP, Poly phosphazene with pendant NPADP (PPNPADP) using the Gaussian 
’98 program Package9. The HOMO-LUMO energy gap, thermodynamic parameters, dihedral angle based static 
hyperpolarizabilities and ground state dipole moments have also been calculated. The optimized molecular structure of the 
polymer PPNPADP and the NLO chromophore NPADP are given in Figs. 1 and 2 respectively.    



 
Fig.1 Molecular Structure of PPNPADP 

 

 

                                                             

Fig.2 Molecular Structure of NPADP 
 

3. RESULTS & DISCUSSION 

The first hyperpolarizabilities, âtot, of NPADP and PPNPADP are computed to be 8.3358 x 10-30 e.s.u. and 6.631õ 10-30 
e.s.u. (58 and 46 times that of Urea) respectively and the relevant parameters are given in table 1. The computed values of 
entropies of the monomer and the polymer are 230.307 and 285.220 Cal Mol–1 Kelvin –1 respectively. The large value of 
second order polarizability, â, which is the measure of the non-linear optical activity of the molecular system, is associated 
with the intramolecular charge transfer (ICT), resulting from the electron cloud movement through ð-conjugated frame 
work from electron donor to electron acceptor groups. The electron cloud is capable of interacting with an external electric 
field and thereby altering the dipole moment and the second order non-linear optical activity. It is envisaged that the planar 
conformations would give an enhanced NLO activity and any deviations from planarity would decrease the mobility of 
electrons within the ð-conjugated molecular system, resulting in a reduction in NLO activity10.  

The angle (D1=N7-N8-C9-C10) between the planes of the two-phenyl rings with respect to the azo bridge in the NLO 
chromophore NPADP, measures the non-planarity between the phenyl rings. The value of D1is calculated to be 36.8� in 
NPADP, while it is found to be 33.33� in PPNPADP. However, for the planar NPADP chromophore (D1=0), the static 
hyperpolarizability, âtot, is found to be 9.7246 x 10 –30 e.s.u. which is around 68 times Urea while for the PPNPADP, the 
static hyperpolarizability increased with respect to the zero deviation and the value is calculated to be 1.0765 x 10 –29 e.s.u. 
(75U). When the NPADP chromophore is embedded in the polymer matrix the static hyperpolarizability is reasonably 
increased for the planar structure. The study shows that by changing the dihedral angle D1 should reduce the HOMO–
LUMO energy gap for a particular dihedral angle allowing the molecular orbitals to overlap to have a proper electronic 
communication conjugation. The variation of HOMO–LUMO energy gap with the dihedral angle is also seen.   



 

Table 1. Comparison of calculated first hypepolarizabilities, HOMO-LUMO energy gap and entropy 

 

4. CONCLUSION  

It is obvious that the first hyperpolarizability is strongly dependent on the extent of the electronic communication between 
the donor group and the acceptor group through the bridge. It is also observed that the hyperpolarizability is strongly 
dependent on the twist or the dihedral angle D1. This result shows that the larger hyperpolarizability is obtained for a planar 
structure for all molecular systems. The HOMO–LUMO calculations show that the first hyperpolarizability of these 
derivatives is directly related to the HOMO–LUMO energy gap. The study also suggests that the dihedral angle could be 
used to tune the value of the hyperpolarizability of these molecular systems. It is proposed that the preparation of Poly 
Phosphazene with pendant NPADP is a prospective candidate for all the electro-optic applications.  
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HOMO-LUMO  

Energy gap 

Compounds Hyperpolarizability, 
âtot, (10-30 e.s.u.) 

SHG 
Efficiency      

( X urea) 

Entropy 

Cal Mol-1 Kelvin –1 

a.u. eV 

NPADP (D1=0.0°) 9.7246 68 230.307 0.3856 10.493 

PPNPADP (D1=0.0°) 10.765 75 285.220 0.4634 7.781 

NPADP (D1=36.8°) 8.3358 58 229.523 0.2844 6.823 

PPNPADP (D1=33.3°) 6.6310 46 286.225 0.2567 6.984 
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ABSTRACT 
 
The tetragonal tungsten bronze SrxBa1-xNb2O6 samples for 0.35 ≤ x ≤ 0.60 have been synthesized using the solid-state 
reaction method. The FTIR studies indicate that the samples prepared are almost single phase in nature. The phase 
assemblage of the samples for different compositions was identified by Bruker D8 Advance Diffractometer. The unit 
cell dimensions of the samples were precisely calculated based on XRD data by analytical method. The structural phase 
transition of SBN ceramics as a function of Sr/Ba ratio was examined. The results indicate the coexistence of 
orthorhombic and tetragonal phases in the range 0.35 < x < 0.60. The average particle size of each of the samples has 
been calculated using Scherrer method and is around 23 nm.  
 
 
1 INTRODUCTION 
 
Strontium barium niobate SrxBa1-xNb2O6 abbreviated 
as SBN is a mixed solid solution of the SrNb2O6 and 
BaNb2O6 binary system1.  It belongs to the class of 
oxygen octahedral relaxor ferroelectrics possessing 
tetragonal tungsten bronze structure2. The physical 
properties of SBN vary with compositions and the solid 
solution of SBN is of immense importance in many 
technological applications such as electro-optic, 
pyroelectric, piezoelectric and photorefractive devices3. 
The idealized structure with generalized formula of the 
tungsten bronze structure is [(A1)2(A2)4C4] 
[(B1)2(B2)8]O30, where A, B and C sites can be filled 
by different valence cations or may be partially empty. 
The SBN structure is built by Nb-O octahedra linked 
by their corners in such a way that three different types 
of channels are formed along the tetragonal c axis4. 
One channel is always empty, the second is partially 
filled only by Sr atoms, while the third one is partially 
occupied by Sr and Ba. The distribution of Sr and Ba 
atoms in the channels depends on the composition of 
the compound. A typical SBN unit cell structure is 
shown in Fig.1. In this paper we report the results of 
our XRD investigations on SrxBa1-xNb2O6 solid 
solutions for 0.35 < x < 0.6 in order to investigate in 
detail the structural phase transition behaviour. 
 

 
 
 

Fig.1. The average structure of SBN: View on (001) 
face. 

2 EXPERIMENTAL 
 
The samples of SrxBa1-xNb2O6 for 0.35 < x < 0.6 were 
prepared by the conventional solid state reaction 
method with repeated grinding and calcinations of 
highest purity elemental constituents in the desired 
stoichometric proportions. The starting materials were 
strontium carbonate, barium carbonate and niobium 
pentoxide. The stoichometric compositions of the 
starting materials were taken and mixed thoroughly in 
an agate mortar for nearly 5 h in the presence of 
methanol to ensure homogeneity. Each dried mixture 
was then heat treated at 1100oC in platinum crucibles 
for 24 h and finally cooled to room temperature by 
furnace shut off. The FTIR analysis of the prepared 
samples indicated almost single phase nature. The x-
ray diffraction studies were carried out using an x-ray 
diffractometer [Bruker, D8 Advance, λ = 0.154056 
nm].  
 
3 RESULTS AND DISCUSSION 
 
The x-ray diffraction patterns of the samples 
investigated are shown in Figs. 2-4. The diffraction 
patterns were indexed and the lattice parameters were 
calculated by the analytical method. The average 
particle size of each of the samples was calculated 
using Scherrer equation. The lattice parameters and the 
calculated average particle size of each of the 
compounds are given in Table. 1. Our investigations 
show that the system exhibits the coexistence of 
orthorhombic and tetragonal phases in the composition 
range of 0.35 < x < 0.60, dominated by the 
orthorhombic phase. The present studies indicate that 
there is no sharp demarkation between these two 
phases at x = 0.55 as reported in the previous 
literature5,6.   The average particle size of each of the 
sample is calculated to be around 23 nm, indicating the 
fact that standard solid state reaction method can be 
employed for the preparation of nanosized structures of 
this class of materials. 



Fig.2. XRD patterns of SBN for x = 0.35, 0.40, 0.45 and 0.50 
 

 
 

Fig.3. XRD patterns of SBN for x = 0.52, 0.54, 0.55 and 0.56 
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Fig.4. XRD patterns of SBN for x = 0.58 and 0.60 

 
 
 

Table 1. Lattice parameters and particle sizes of SBN 
 
 
4 CONCLUSIONS 
 
X-ray diffraction studies on different compositions of  
SrxBa1-xNb2O6 solid solutions in the range 0.35 ≤ x ≤ 
0.6 have been performed. Our investigations indicate 
the coexistence of orthorhombic and tetragonal phases 
in the composition range investigated.  The 
orthorhombic phase is found to dominate in the 
composition range studied.  The average particle size 
of the samples is found to be around 23 nm. The 
detailed refinement of the data is underway and it will 
throw more light into the structural information 
exhibited by this exotic class of materials. 
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  x     a 
nm 

    b 
nm 

    c 
A0 

Particle size 
nm 

0.35 1.5770 1.4948 3.4128 23.4411 
0.40 1.2387 1.2317 3.8965 23.2522 
0.45 1.2236 1.3978 3.5925 23.6388 
0.50 1.1863 1.3181 3.9167 23.1532 
0.52 1.2402 1.2596 3.9275 23.5770 
0.54 1.2271 1.3125 3.9794 23.9844 
0.55 1.2226 1.3872 3.9995 23.2084 
0.56 1.2335 1.2344 3.8886 23.9173 
0.58 1.2479 1.1634 3.9091 23.4011 
0.60 1.2529 1.1926 3.9512 23.8660 
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Abstract: LixMn2O4 samples with x=0.9, 1, 1.1,and 1.2 were synthesized and their phase purity was 
confirmed from X-Ray diffraction studies. The photo acoustic investigations were carried out using an 
open photoacoustic cell. It was found that the thermal diffusivity is maximum for the ordered structure 
corresponding to x=1 i.e. LiMn2O4. For values of x < 1 and x > 1,thermal diffusivity decreases. The 
decrease in thermal diffusivity for x values other than 1 is explained on the basis of increased phonon 
scattering due to the distortion in the lattice structure and reduction in the local symmetry. 
 

1. Introduction 
Lithium Manganese Oxide (LiMn2O4) Spinel 

demonstrates considerable promise as Cathode material 
in the new generation of rechargeable batteries due to 
its high specific heat capacity, long cycle life, low cost 
compared to its counter parts like LiCoO2and LiNiO2. 
Until 1990 Nickel-Cadmium was the only suitable 
battery for portable applications from wireless 
communications to mobile computing, after which 
lithium based batteries emerged.   

Though both these technologies were fighting 
each other claiming better performance and small sizes, 
in the present world lithium ion batteries stole the 
limelight, as they are more eco-friendly. The principle 
of the lithium ion batteries is based on the shuttling of 
the lithium ions between the cathode and anode, which 
are lithium intercalation compounds. Advanced lithium 
ion batteries have a wide range of applications in future 
electric vehicle systems. The high temperature 
behavior of these batteries is a vital issue. The possible 
cathode materials used normally are LiCoO2, LiMn2O4, 
and LiNiO2. In the case of large-scale batteries for 
electric vehicles the LiMn2O4 is preferred because of its 
low cost, low toxicity and long shelf life. Thermal 
stability studies of these compounds have shown that 
LiMn2O4 is the most stable. 
 The compound LiMn2O4 belongs to the 
normal spinel structure with a general formula AB2O4. 
There are eight occupied tetrahedral (or A) sites and 16 
occupied octahedral (or B) sites in a unit cell. In the 
LiMn2O4 spinel, the Li ions occupy tetrahedral sites (1) 
each surrounded by four oxygen ions; the Mn ions 
occupy octahedral sites, each surrounded by six oxygen 
ions.Here the oxygen anions form the face centered 
cubic packing. For every four oxygen anions there are 
four octahedral sites and eight tetrahedral sites. Out of 
these twelve, only three are needed to fill the cations of 
the above formula. In the normal spinel structure, A 
cations are in the tetrahedral voids and B are in the 
octahedral voids. The spinel structure of LiMn2O4 is 
composed of MnO6 octahedral framework within 
which there are tetrahedral channel sites for Li to 
occupy. Lithium being a light element can be easily 
inserted into or taken away from the structure without 
causing any structural changes. This spinel can de-

intercalate Li+ ions (2) at 4.2 volts becoming ë-MnO2 
(spinel structure) and intercalate Li+ ions at 
approximately 2.9 V to yield LiMn2O4. The good 
voltage regulation during cycling, the excellent electro-
chemical reversibility, and the theoretical specific 
capacity (148 mAh/g) make the spinel LiMn2O4 an 
attractive cathode material.  

Though extensive research work has been 
carried out on various electrochemical, electrical and 
structural properties of LiMn2O4, the thermal and 
optical properties of LiMn2O4 and related systems have 
not yet been subjected to detailed investigations. There 
are many unanswered questions related to lithium 
dynamics within this material.  Taking into 
consideration the importance of this material in the 
emerging battery technology, we have initiated an 
attempt to analyze the prospects of employing the 
technique of photo acoustic spectroscopy to study the 
thermal diffusivity in LixMn2O4. Thermal diffusivity is 
an important thermo-physical parameter especially for 
battery technology which determines the distribution of 
temperature in systems where heat flow occurs while 
the reciprocal of thermal diffusivity is a measure of the 
time required to heat up a material to specific 
temperature level. 
 
2.Experimental 
2a.Preparation of LixMn2O4  spinel 
 A large number of methods are available for 
the preparation of LiMn2O4 spinel. In the present 
project stochiometric LiMn2O4 was prepared by direct 
solidstate reaction of Li2CO3 (High purity chemicals 
99.99%) and MnO2 (99.99% pure) in a molar ratio 1:4 
[3]. LixMn2O4 was prepared by varying the 
concentration of lithium. Taking the values of x = 
0.9,1.0,1.1,1.2 four different samples of LixMn2O4 
were prepared. 
The reactants were pre-dried at 200°C in separate 
crucibles for 5 hours in a furnace to remove moisture 
impurities. The de-hydrated reactants were weighed 
out using an electronic balance. Then the reactants 
were mixed thoroughly and finely ground under 
acetone in an agate mortar. The mixture was then 
calcined at 600°C for 12 hours to get rid of CO2. After 
cooling to room temperature the mixture was again 



ground under acetone.The sample so obtained was 
pelletized at 5T before sintering. The compound was 
then sintered at 800°C for 24 hours in air and cooled to 
room temperature at about 0.33°C/min. The grinding 
and sintering were repeated until the product obtained 
was a fine-grained material of micrometer size. The 
compound obtained was characterized immediately 
after synthesis by X-ray diffraction analysis (model: 
1710 Regaku) The phase purity of the material was 
confirmed by the XRD analysis. 
. 
2b. Thermal diffusivity measurement by open 
photoacoustic cell  

A He-Ne laser (632.8 nm, 20 mW) was used 
as the excitation source and was intensity modulated 
using a mechanical chopper (SR 450). The laser beam 
was used without focusing in order to minimize the 
lateral heat flow. The pressure fluctuations as a result 
of thermal waves produced were detected using an 
electret microphone (Knowles FG 3392). The 
amplitude and phase of the pa signal was obtained 
from the lock-in-amplifier (SR830). The experiment 
was performed on various samples.   The periodic 
pressure variation in the air chamber can be derived 
using the R-G theory [4,5]. The sample is assumed to 
be optically opaque so that whole energy is absorbed at 
the sample surface itself and the heat flux into the 
surrounding air is negligible. The expression for the pa 
signal from the 1-d heat flow model of Rosencwaig 
and Gersho [4] is obtained as 
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where γ is the air specific heat ratio, P0(T0) is the 
ambient pressure (temperature), I0 is the absorbed light 
intensity, f is the modulation frequency, and li, ki and αI 
are the length, thermal conductivity and thermal 
diffusivity of material I respectively. Here s denotes 
the sample (s) and gas (g) media respectively and σg  = 
(1+ j) ag  , 
 ag = { π f/ ∝ g } 1 / 2  is the complex thermal diffusion 
co-efficient of the material If the samle is thermally 
thin, (lsas <<1) in the above equation.   
If the sample is optically opaque and thermally thick 
then equation (1) reduces to 
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where ls and as are the thickness and thermal diffusion 
coefficient of the sample. Thus according to equation 
(2) the amplitude of the PA signal varies with 
modulation frequency 

as
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Hence, thermal diffusivity can be obtained either from 
the phase data or amplitude data.  
The thermal diffusivity can be obtained from the phase 
data by fitting the following equation [3]. 
φ = φ0 + tan-1 [1/ls (πf/αs)

 1/2 – 1]         …..(3)                 
 

3. Results and discussion 
 Figures 5 shows the XRD spectra recorded for 
the compounds LixMn2O4  spinel synthesised at 800oC 

for x=0.9,1 1.1 and 1.2.These results confirm the 
formation of the spinel structure and does not show any 
peaks of impurity phases(as far as XRD measurements 
are concerned)and an exact match with published 
data[2,3] . In the XRD pattern we have observed that 
the peaks are relatively broad when x >1 and x<1 
presumably due to the lattice strain in the spinel 
structure. The peaks are sharp for x=1which shows an 
increase of crystallinity and ordering of local structure. 
The variation of lattice parameter with various ratios of 
Li:Mn  and corresponding thermal diffusivities are 
shown in table(1)and in fig(6). 

The earlier studies on these samples show an 
electrical conductivity of 1.9x10-5S/cm at room 
temperature, in the semiconducting range.[6]. The heat 
conduction in semiconductors [7] is mainly attributed 
to three factors.1) Instantaneous intraband non-
radiative thermalisation with energy greater than 
bandgap energy.2) Non-radiative bulk recombination 
due to the recombination of electrons and holes after 
diffusing a distance (Dé) where D is the carrier 
diffusion coefficient and é is the band to band 
recombination time.3) non radiative surface 
recombination time due to non-radiative carrier 
recombination at the sample surface. This implies that 
the instantaneous intraband non-radiative 
thermalisation component will dominate the other two 
mechanisms at low modulation frequencies. Hence, for 
the evaluation of thermal diffusivity, variation of 
amplitude or phase in low range modulation 
frequencies is studied. 
The plots of phase vs square root of frequency for the 
different samples are shown in figures (1 to 4). In 
figures 2 and 4, the phase is varying linearly with 
square root of modulation frequency.  Hence, thermal 
diffusivity can be obtained directly from the slope 
using equation (2a).  However, in figures 1 and 3, it is 
observed that the variation of phase is not linear.  This 
is due to the thermo elastic bending.  Here, thermal 
diffusivity value is calculated by fitting equation.3. 
  It is observed from the table that thermal 
diffusivity is lower for samples with x<1 and x>1 than 
for sample with x=1.This can be attributed to the fact 
that the change in the molar ratio introduces some 
distortion in the lattice. This is evident from the 
broadening of peaks of XRD pattern. Phonons in the 
lattice suffer various additional scattering processes 
due to this distortion. The change in the molar ratio 
introduces extra scattering centers for phonons. This 
results in the reduction of phonon mean free path. As 
thermal conductivity (thereby diffusivity) is directly 
proportional to phonon mean free path any change in 
mean free path can affect the thermal diffusivity of the 
sample. 

….(2)   



 
4. Conclusions 
 From the analysis it is seen that the sample 
with x=1 shows thermal diffusivity value more than 
that of samples with other values of x. This is due to 
the fact that lattice gets distorted on changing the molar 
ratio. This distortion is evident from the broadening of 
peaks in the XRD pattern. The reduction of Li-ions or 
its addition lowers the local symmetry [8] around the 
manganese ions. The change in the molar ratio coupled 
with symmetry lowering around manganese ions can 
contribute significantly towards phonon scattering. 
This directly influences the thermal diffusivity of the 
samples.  
 
 
Table 1. Thermal diffusivity values (Æs) obtained for 
LixMn2O4 with x values 0.9, 1, 1.1, 1.2 
 

Sample 
Thickness 

(ì m) 

Lattice 
Parameter 
‘a’ (A0) 

Æs 
* 10-4 
(m2s-1) 

Li0.9Mn2O4 750 8.23 0.9011 

LiMn2O4 700 8.243 1.0880 

Li1.1Mn2O4 600 8.248 0.9340 

Li1.2Mn2O4 750 8.257 0.8230 
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Fig (5) XRD pattern of LiMn2O4 for x=0.9,1.0,11,1.2 
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ABSTRACT 

In the present study the existing Methylene blue sensitized Poly (vinyl alcohol)/Acrylamide recording medium was 
modified by incorporating ammonium dichromate. The dichromated sample (just after recording) showed a diffraction 
efficiency of 21% for an exposure of 500mJ/cm2 without any pre exposure and chemical fixing. Interestingly, this film with 
ammonium dichromate showed a self-enhancement in diffraction efficiency on storage. The diffraction efficiency was 
found to slowly increase to 42% by 3 months without any fixing process. After three months the efficiency remained 
constant and the material is still under observation. 
 
 
1. INTRODUCTION 
 
The self enhancement (SE) of a hologram is the increase in 
its Diffraction efficiency (DE) after the recording over time 
under light illumination or in the dark. SE both during and 
after the recording can together be regarded as a two stage 
holographic recording method, which is profitable when the 
recording energy or the exposure time is limited at the first 
stage. Such a recording method has the advantage of large 
vibration stability at the second stage. The SE was reported 
in LiNbO3: Fe crystals1, KBr crystals 2, amorphous AS2S3 
films3, thionine-PVA4, Dichromated PVA (DCPVA) 5-6 and 
dichromated Gelatin (after chemical fixing) 7. According to 
the mechanism and properties of the effect, enhancement 
can be of coherent SE, incoherent SE and dark SE. 
Coherent type SE occurs when the gratings recorded is read 
out with a reference beam, the diffracted beam and the 
reference beams interfere, causing further recording. The 
incoherent SE is due to the transmission increase of a 
hologram by incoherent light. The enhancement takes place 
when the hologram works and selects light at the Bragg 
angle. The procedure is similar to coherent SE, but it is less 
effective. Dark or relaxational SE is due to the transmission 
increase of a hologram by thermo-stimulated relaxation 
process. Light induced SE takes place in all real time 
recording media, but dark SE is a special property of only 
some materials. SE both during and after the recording can 
together be regarded as a two stage holographic recording 
method, which is profitable when the recording energy or 
the exposure time is limited at the first stage. Such a 
recording method has the advantage of large vibration 
stability at the second stage. In the case of dichromated 
polymers, those are less sensitive and need long exposure 
times, Dark SE is more important. In thionine- PVA, the 
enhancement is due to the Borrmann effect or the effect 
caused by excited dye molecules4. In this a transient grating 
made of metastable molecules interferes destructively with 

a permanent grating made of final photochemical products. 
Loughnot etal8 observed that after recording thermal post 
polymerization enhances the spatial modulation of segment 
density between bright and dark areas. This goes along with 
an increase of modulation of refractive index in dark and an 
improvement of the DE. The key phenomenon is the 
balance between the chemical initiation of the 
polymerization and the diffusion of unreacted species. 
Keinonen etal6 studied the dependence of the SE of 
DCPVA on the dichromate concentration, exposure energy 
and pH. In DCPVA the SE increases with pH, but 
decreases with dichromate concentration and exposure 
energy. The SE which was observed in DCG gratings (after 
fixing) was much higher than that observed in DCPVA7. 
This increase is reported to be due to the hardening of 
gelatin during chemical fixing. But the increase is slower 
for higher pH values than for lower pH values.  
Dye sensitized poly (vinyl alcohol)/Acrylamide with or 
without additional monomers are the most widely used 
photopolymer recording media for holographic 
applications.  But DE of PVA/Acrylamide films decreases 
on storage and permanent storage is not possible 10-12. In the 
present study MBPVA/ Acrylamide system with 
dichromate as a crosslinker was fabricated and its DE was 
determined. Unlike the conventional PVA/Acrylamide 
films, the films even without any fixing technique showed 
self-enhancement in diffraction efficiency on storage.   
 
2. EXPERIMENTAL 
2.1 Film preparation  
 
The photopolymer solution was prepared by sensitizing 
10% PVA solution (M.wt.1, 25,000) with acrylamide 
(.375M), Triethanolamine (.05M) and methylene blue (2.8 
x 10-4 mol/l). The concentration of ammonium dichromate 
(ADC) was selected such that the product of the 
concentrations of Methylene blue (MB) and ADC should 
be less than the solubility product 2x10-2 (mol/l) 2.It is 
reported that, if this value exceeds the solubility product, 



methylene blue will separate in the film13. The above 
prepared polymer solution was sensitized with ADC to get 
a concentration of 1.59x10-3 mol/l.  
 
2.2.Laser exposure 
Gratings were recorded on both undoped and Cr doped 
films using standard holographic technique using a 15mW, 
CW, polarized He-Ne laser (Melles Griot-632.8nm). The 
beam intensity ratio was 1:1 and the spatial frequency was 
685 lines /mm. The diffracted beam intensity was measured 
by illuminating the grating with a He-Ne laser beam of low 
intensity and it was monitored using an Ophir power meter 
positioned at Bragg’s angle. The diffraction efficiency was 
calculated as the ratio of diffracted beam intensity to that of 
incident beam intensity. The sensitivity of the material was 
studied by measuring the real time transmittance. The 
absorption spectra of the samples were recorded using 
Hitachi U- 3410 spectrophotometer before and after 
exposing to the laser beam (5mW/cm2 for 10 minutes) and 
the refractive index before and after exposure was 
measured using an Atago DR-M2 refractometer. 
 
3. MECHANISM OF GRATING FORMATION 
 
On exposing to the interference pattern, the MB molecules 
get excited and electron transfer takes place between MB 
and triethanol amine. This reaction produce leuco MB and 
amine radical and this radical initiate the polymerization of 
acrylamide monomer. Polymerization takes place at the 
region of constructive interference and as a result a 
monomer concentration gradient occurs which allows the 
diffusion of monomer from the unexposed to the exposed 
region.  At the same time, Cr+3 ions obtained by the 
reduction of Cr+6 ions may form ionic crosslink in PVA. 
Both polymerization and crosslinking contribute to the 
refractive index modulation, which leads to the grating 
formation. The absorbance modulation occurring during 
exposure also contributes to the grating formation. 
 
4. RESULTS AND DISCUSSION 
4.1 Sensitivity and Dye behavior 
 
The films were exposed to an expanded laser beam of 
intensity 5mW/cm2 for 10 minutes and the relative 
transmittance of both Cr doped and undoped samples were 
plotted in figure 1.  
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Figure1 Relative transmittance of undoped and Cr doped MB 
PVA/acrylamide samples 
On Cr doping, the MBPVA/acrylamide films became less 
sensitive to laser and needed high energy for bleaching. 
This is because of the crosslinking caused by the 
dichromate. The undoped samples become fully bleached 

for an exposure of 200mJ/cm2. The relative transmittance 
of undoped samples is higher than that of Cr doped samples 
for a given exposure.  If the reflectance of the material is 
neglected, the absorbance remains constant above an 
exposure of 200mJ/ cm2. So the absorbance modulation 
(difference between absorbance before and after exposure) 
is higher for undoped samples.  
 
Figure 2 and 3 shows the absorption spectrum of undoped 
and Cr doped samples taken before and after exposure. 
Even though both Cr doped and undoped samples get 
bleached on laser exposure, the recovery of the dye 
molecule from the leucoform to its original state is very fast 
in undoped samples as it almost fully recovered within two 
weeks. But in the case of Cr doped samples, the recovery is 
very slow and it remains in the same leucoform for months.  
In this case, the leuco MB formed is crosslinked in the 
PVA matrix and so further oxidation of leuco dye may not 
be possible as in the case of pure dye sensitized polymers. 
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Figure2 Absorption spectra of the dichromated sample 
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Figure3 Absorption spectra of the undoped sample 
 
4.2 Diffraction Efficiency measurements 
Gratings were recorded on both undoped and Cr doped 
samples at a fluence of 500 mJ/cm2 and the diffraction 
efficiency was determined. DE of 53% was obtained for the 
undoped sample and the DE decreases on storage. But the 
DE of Cr doped sample was only 21%.   From figure 1 it is 
clear that the absorbance modulation for a given exposure 
is less for Cr doped samples. The refractive index 
modulation in undoped sample was 0.046 and that for Cr 
doped sample was 0.01. This less refractive index and 
absorbance modulation results in lower DE. This is because 
of the less monomer diffusion caused by the crosslinking of 
ADC and PVA. The variation of DE on storage was studied 
and is shown in figure 4.  Unlike the undoped sample, there 
was a self-enhancement in DE for Cr doped sample. The 
DE increased from 21% to 42% within 3 months (without 
any fixing process) and after this enhancement the 
efficiency remained constant.  The material is still under 
observation. It was observed that the SE depends on the dye 
concentration. At higher methylene blue concentrations, no 
SE was observed and it behaves like undoped 
MBPVA/acrylamide films. 
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Figure 4 Diffraction efficiency on storage for both Cr doped and 
undoped films 
 
The SE process can be characterized by the self-
enhancement coefficient, î=ç t/ç0 and by the self 
enhancement rate, â= dî/dt, where ç0 is the initial DE 
immediately after the recording and çt is the DE after time 
t.  Figure 5 and 6 shows the SE coefficient with time and 
the self enhancement rate with time respectively. In this 
case the SE increases with time and becomes constant after 
3 months. But in DCPVA, it was reported that the 
efficiency increases within 1-3 days depending on the pH 
and then it decrease6. Here the enhancement is similar to 
that observed in DCG, where no decrease in DE was 
observed7on storage. But in DCG, the SE was observed 
only after chemical fixing where the DE increases from 
0.05% to 2.5 % within 180 days.  From figure 6 it is found 
that the SE rate increases in the first 10 days and then it 
decreases slightly and remains constant for months.  
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Figure 5 Self-enhancement coefficient with time: 
dichromated MBPVA/acrylamide 
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Figure (6) Self enhancement rate with time: Dichromated 
MBPVA/acrylamide 
 
The SE observed may be due to the dark reaction, 
diffusion, polymerization and internal stresses as observed 
in DCPVA5. Cr+6 reduced slowly during photochemical 
reaction induced during the exposure. All the Cr+5 
(produced by the reduction of Cr+6) is not reduced to Cr+3 
during exposure, but this reduction may continue in the 
dark. This reduction is large in the more exposed regions 
than in the less exposed regions. The number of 
crosslinkage between Cr+3 and the PVA therefore increases 
and thus the index modulation also increases which induces 
an increase in DE. This dark reaction may be the major 
reason for the SE.Cr+3 or unreacted Cr+5 may diffuse from 
the less exposed regions to the more exposed regions. This 

diffusion may produce a refractive index modulation and 
hence an increase in DE. Diffusion of Cr+3 ions is possible 
only if all the Cr+3 ions are not bound in the crosslinkage. 
The polymerization of acrylamide monomer in the system 
may not complete during the recording period. Further 
polymerization is also responsible for the grating 
formation. During drying and also on exposure there can be 
an increase in the internal stress in the film. But when the 
coating expands by absorbing moisture at room 
temperature, the internal strain is relaxed and this may also 
contribute to the increase in DE. Thus it is felt that in Cr 
doped MBPVA/acrylamide system all these factors 
together contribute to the observed self-enhancement of 
which the crosslinking may be contributing more.  
Thus addition of crosslinker makes the system more stable 
and helps in long term storage. Even though there is a 
decrease in DE on incorporating the crosslinker, the self-
enhancement observed makes the system regain the 
diffraction efficiency and helps in maintaining the 
efficiency constant for several months.   The material is still 
under observation. 
5. CONCLUSION 

To the authors’ knowledge, this is the first report of the 
fabrication of Methylene blue sensitized dicromated PVA- 
acrylamide films for holographic recording. Due to the self 
enhancement effect, the DE increased from 21% to 42 % 
within 3 months. So unlike the dye sensitized 
PVA/acrylamide films, long term storage is possible in this 
material with double the initial diffraction efficiency.  
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ABSTRACT  
 

Cu2O thin films were deposited on glass substrates by dc reactive magnetron sputtering from pure metallic copper 
target in various oxygen partial pressures in range of 8.5x10-5  - 5x10-4 mbar.  The films were characterized by 
studying the structural and electrical properties.  At low oxygen partial pressures the films were mixed phase of 
Cu2O and Cu while those deposited at oxygen partial pressure ≥ 2x10-4 mbar were single phase of Cu2O.  The 
internal stress changes from compressive to tensile stress with increasing of oxygen partial pressure.   The films 
have low resistivity at low oxygen partial pressures. 
 
1. INTRODUCTION  
 
Cuprous oxide (Cu2O) is a p-type semiconductor with 
non toxic nature and suitable for photovoltaic, 
photoelectrochemical1, photothermal and gas sensor 
applications2, because of its direct band gap and high 
absorption coefficient3. Cu2O films were prepared 
using various deposition techniques such as thermal 
oxidation4, electrodeposition5, molecular beam 
epitaxty6 and sputtering7,8. Among the sputtering 
techniques, dc reactive magnetron sputtering is one 
of the most useful technique having high deposition 
rates, uniformity over large area of the substrate and 
easy control over the composition of the deposited 
films.  In the present investigation, thin films of Cu2O 
were prepared by dc reactive magnetron sputtering 
under various oxygen partial pressures, and studied 
structural and electrical   properties of the films.  
 

2. EXPERIMENTAL 
 

Cuprous oxide thin films were prepared on glass 
substrates by dc magnetron sputtering technique.  
Pure metallic copper of 100 mm diameter and 3 mm 
thick was used as a sputter target.  The vacuum 
pumping system employed was a combination of 
diffusion pump – rotary pump capable of producing 
an ultimate base pressure of 5x10-6 mbar.  Pure 
oxygen and argon were used as reactive and sputter 
gases respectively.  The vacuum in the sputter 
chamber was measured with digital Pirani – Penning 
gauge combination.  The required quantities of 
oxygen and argon gases were admitted into the 
vacuum chamber through fine controlled needle 
valves. The flow rates of these gases were 
individually monitored using Tylan mass flow 
controllers. A shutter was provided between the 
sputtering target and the substrate. This arrangement 
is necessary in order to isolate the substrate during 

the presputtering process in the reactive sputtering.  
Before deposition of each film the presputtering was 
carried out for 15 minutes in pure argon in order to 
remove oxide layers if any formed on the surface of 
the sputter target. The deposition conditions 
maintained during the preparation of cuprous oxide 
films are given in table 1.  The crystallographic 
structure of the films was analyzed with X-ray 
diffraction using copper Kα radiation. The electrical 
resistivity and Hall voltage were measured by 
employing standard van der Pauw method9. 

 

Table1. Deposition parameters maintained during the 
preparation of Cu2O films  
Sputter target        : Copper (99.99% pure)  
Target to substrate distance    : 65 mm 
Ultimate pressure    (pu)      : 5x10-6  mbar 
Oxygen partial pressure (pO2): 6 x10-5 – 4x10-3  mbar 
Sputtering pressure (PW)      : 4x10-2  mbar  
Substrate temperature  (TS)     : 473 K 
 
3. RESULTS AND DISCUSSIONS 

 

The deposition rate was directly influenced by the 
oxygen partial pressure maintained during the 
preparation of the films.  The variation of deposition 
rate with the oxygen partial pressure for a constant 
cathode current of 200 mA is shown in fig.1.  The 
deposition rate remains almost constant around 36 
nm/min upto the oxygen partial pressure of ≤ 1x10-4 
mbar thereafter gradually decreased to 13 nm/min at 
5x10-4 mbar and at higher oxygen partial pressures 
the deposition rate remains nearly constant.  The 
decrease in deposition rate with the increase of 
oxygen partial pressure may be attributed to the 
oxidation of the sputter target hence of low sputtering 
yield of the oxide. 
  The  X – ray diffraction patterns of the films formed 
at various oxygen partial pressures are shown in 



fig.2.  The  films  were  polycrystalline in nature with 
cubic structure.  The films deposited at oxygen partial 
pressures ≤ 1x10-4 mbar showed a peak at 2θ = 
36.54o corresponding to the (111) plane  of Cu2O and 

 
Fig.1. Variation of deposition rate of Cu2O films with   

the oxygen partial pressure 
 

another peak at 41.25o related to the (111) plane of 
unoxidized copper.  The presence of mixed phase of 
Cu2O along with copper at oxygen partial pressures ≤ 
1x10-4 mbar was due to the nonavailability of 
sufficient oxygen.   The films formed at oxygen 
partial pressures ≥ 2x10-4 mbar exhibited a single 
phase Cu2O with out the presence of Cu phase. This 
indicates an oxygen partial pressure of 2x10-4 mbar is 
an optimum to produce single phase films of Cu2O.   
It is seen from the figure that the intensity of the X-
ray diffraction peak increased with the increase of 
oxygen partial pressure upto 2x10-4 mbar and 
decreased with further increase of oxygen partial 
pressure.  
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Fig.2. X-ray diffraction patterns of Cu2O films 

 

The evaluated lattice parameter from the X-ray 
diffraction peak increased from 0.4258 nm to 0.4281 
nm with increase of oxygen partial pressure from 
8x10-5 mbar to 5x10-4 mbar.   At low oxygen partial 
pressures ≤ 1x10-4 mbar the lattice parameter was 
lower than the standard lattice parameter (0.4269 nm) 
these films were of inferior in crystallinity and low 
electrical resistivity. Further increase of oxygen 
partial pressure the crystallinity of the films improved 
along with the increase of lattice constant. The 
similar behavior also notice in rf sputtered copper 
nitrate films10 The lattice parameter of the films 
formed at an oxygen partial pressure of 2x10-4 mbar 
was 0.427 nm, and in good agreement with the 
JCPDS data11. 
Fig.3. shows the dependence of  stress on the  oxygen 
partial pressure of the films. The stress (σ) developed 
in the films was calculated from the X-ray diffraction 
data employing the relation12. 
 

                 σ = -E (a – ao) / 2ν ao                    --------- 1 

where E is the Young’s Modules of the Cu2O         
(30 GPa), ‘a’  the lattice parameter of the bulk 
material,  ao the measured lattice parameter and ν the 
Poisson’s ratio (0.455). The information regarding 
the stress developed in the films was obtained by the 
shift in the interplanar spacing thereby changing in 
the lattice parameter. 
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 Fig.3.Variation of stress with the oxygen partial 

pressure of Cu2O films 

 
At low oxygen partial pressure (≤1x10-4 mbar) the 
films contain compressive stress. The stress free 
films were formed at an oxygen partial pressure of 
2x10-4 mbar. Further increase of oxygen partial 
pressure beyond 2x10-4 mbar the films were in tensile 
stress.  The tensile stress in the films increased from 
0.007 GPa to 0.092 Gpa with increased of oxygen 
partial pressure from 2x10-4 mbar to 5x10-4 mbar.    
The electrical properties of the films were also 
influenced by the oxygen partial pressure.  The sheet 
resistance (ρs) of the films was calculated using the 
equation. 



               ρs = (π / ln2) f [(R1+R2) / 2]            ---------2 
 
where ‘f’ is the van der Pauw correction factor, 
which depends on the position of electrical contacts 
on the film surface. The correction factor was 
calculated using the relation  
 

               f = (1- ln2 / 2) [(R1-R2)/(R1+R2)]
2      ---------3 

 

The electrical resistivity (ρ) of the films was 
determined from the relation  
 ρ = ρs x t                ---------4 
 

where t is the film thickness.  The films exhibited low 
electrical resistivity of 3x10-2 Ùcm formed at oxygen 
partial pressures < 2x10-4 mbar.   The low electrical 
resistivity of the films was due to the presence of 
mixed phase of Cu2O along with copper as revealed 
by the X-ray diffraction data. The electrical 
resistivity increased from 4.6x101 Ùcm to 9.5x101 
Ùcm with the increase of oxygen partial pressure 
from 2x10-4 mbar to 5x10-4 mbar due to the formation 
of single phase films of Cu2O.   
The Hall Mobility (µ) of the films was calculated 
from the relation 
 

            µ = (∆R x 10 8) / B ρs             ---------- 5 
 

where ∆R  is the change of resistance with the 
applied magnetic filed (B).   
fig.4. show the Hall mobility of the films formed at 
different oxygen partial pressures. The films showed 
high Hall mobility at low oxygen partial pressures.    
The Hall mobility of the films decreased from 51 
cm2/V.sec to 3 cm2/V.sec with the increase of oxygen 
partial pressure from 8x10-5 mbar to 5x10-4 mbar.   
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 Fig.4. variation of Hall mobility of Cu2O films with 
oxygen partial pressure  
 

4. CONCLUSIONS  
 
Thin films of Cu2O were deposited on glass 
substrates by dc reactive magnetron sputtering of 
pure copper target in a mixture of argon and oxygen 
gases at different oxygen partial pressures in the 
range 8x10-5 – 5x10-4 mbar at a constant substrate 
temperature of 473 K and sputtering pressure of 
4x10-2 mbar. The deposition rate of the films 

decreased from 36 nm/min to 13 nm/min with the 
increase of the oxygen partial pressure from 8x10-5 
mbar to 5x10-4 mar.    The films were polycrystalline 
in nature.  The structural of the films also influenced 
by oxygen partial pressure. The films deposited at 
oxygen partial pressure of 2x10-4 mbar were single 
phase of Cu2O with (111) orientation. The internal 
stress of the film changed with oxygen partial 
pressure.  The internal stress developed in the films 
shifted from compressive to tensile stress at an   
oxygen partial pressure of 2x10-4 mbar.  The low 
electrical resistivity of 3x10-2 Ùcm was due to the 
presence of   Cu2O and Cu. Single phase films of 
Cu2O were obtained at oxygen partial pressures ≥ 
2x10-4 mbar. The Hall mobility of the films decreases 
from 51 cm2/V.sec to 3 cm2/V.sec with the increase 
of oxygen partial pressure from 8x10-5 mbar to 5x10-4 
mbar.   
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ABSTRACT
 
Molecular doping was adopted to make PMMA photoconducting in the visible region and the effect of various 
parameters on photoconductivity was studied at low electric fields. The photocurrent was found to scale with the 
concentration of dopants as well as the applied electric field. The photoconductive sensitivity was found to be large 
enough for using the material for photorefractive applications. 
 
1. Introduction 
 
Organic photoconducting materials are being widely 
studied due to the potential applications of such 
materials in photorefractivity. Molecular doping is the 
easiest method to fabricate photorefractive polymer 
composites as the properties of the dopants are well 
known from earlier studies1. Photoconducting polymers 
thus prepared are usually amorphous systems with 
active molecules dispersed in an inert binder. The main 
attraction of this method is that, the density of localized 
states can be varied at will by changing the 
concentration of the dopants2. The charge transport 
mechanism is accepted to be hopping between the active 
sites2. The activation energy needed to hop from one site 
to another is usually electric field dependent3 while the 
probability of hopping depends on the separation 
between sites involved4. All these properties can be 
exploited to make efficient photoconducting systems 
using molecular doping.  
 
In this work, Poly (methyl methacrylate) (PMMA), 
which is transparent in the visible and a good electrical 
insulator, was made photoconducting by doping it with 
picric acid and aniline. The composite can be considered 
as a donor-acceptor system with aniline as donor and 
picric acid as acceptor.  Photoconductivity studies were 
done at very low electric fields of the order of 1V/ì m. 
The carrier photogeneration efficiency and the 
dependence of photocurrent on electric field were 
studied.  
 
2. Experimental 
 
2.1. Preparation of the Samples 
 
Picric acid (SD Fine, Chem Ltd.) was purified by 
recrystallization from ethanol and aniline (SD Fine, 
Chem Ltd.)  by distillation. A 7% solution of PMMA in 
chloroform was prepared and picric acid was added 
followed by aniline while maintaining moderate stirring. 
To avoid phase separation and crystallization, the 
concentration of Picric acid was kept low. This has an 
added advantage of reduced absorption at 532nm, which 

is favored for photorefractive composites. The films 
were then prepared by transferring 0.5 ml of this 
solution to Indium Tin Oxide (ITO) coated glass 
substrate at room temperature. Drying period was more 
than 36 hrs to ensure maximum solvent removal. 
Thickness of the films were measured using a Stylus 
Profiler (Model Dektak 6M). The films were then 
provided with an electrode of area 4x4 mm2 by 
vacuum evaporation of silver. No signature of phase 
separation was seen and all films were of good optical 
clarity. 
Absorption spectra of the material, taken using a Jasco 
V-570 spectrophotometer, are shown in Fig. 1. It can 
be seen that, the absorption spectrum is red shifted 
when aniline is added, which is the signature of the 
formation a charge transfer (CT) complex with picric 
acid and aniline similar to the CT complex formation 
of PVK with TNF 5.  
 

 
 

Fig. 1: Absorption spectra showing the red shift 
 
 
 
 
 



2.2. Photoconductivity measurements 
 
Steady state photoconductivity measurements were done 
using a Keithley 236 source measure unit. CW output of 
a diode pumped Nd:YAG laser (532 nm, Casix 30mW, 
LDC-1500), controlled by an electronic shutter 
(Thorlabs Model SH-05), was used for illumination.  
Initially the current through the sample was allowed to 
reach the thermal equilibrium value and the Nd:YAG 
illumination was given from the ITO side of the 
structure. Typical variation of current through the 
sample on illumination is shown in Fig. 2. 
 

 
Fig. 2: Variation of current as a function of time 

 
The value of photocurrent is obtained as Iph = ID -IL 
where ID is the dark current before illumination and IL is 
the saturation value of the current after illumination. 
Similar measurements were done for various 
concentrations, light intensities and electric fields. 
 
3. Results and discussion 
 
In a molecularly doped system, the effect of electric 
field is believed to lower the activation energy needed to 
hop from one location to the other3. This effect of 
electric field is evident from the increase in photocurrent 
with electric field (Fig. 3).  
 

 
 

Fig. 3. Photocurrent as a function of Electric field 

The photoconductive sensitivity, the change in 
conductivity per unit light intensity, can be calculated 
using Equation 1. 

AVP

LI
S

o

ph=                         (1) 

Where Iph is the photocurrent, L the sample thickness, 
Po the light power density, A the illuminated area and 
V the applied voltage6. The maximum value of 
photoconductive sensitivity (8.34 x 10-12 S cm/W) was 
obtained for the sample with mole ratio of 1:200 
between picric acid and aniline. 
 
There was no photocurrent for a sample containing 
only one of these molecules, which permits us to rule 
out the possibility of charge injection from the 
electrodes on illumination. The concentration of Picric 
acid was kept low to reduce the number of CT 
complex units formed. Also, when the mole ratio of 
picric acid and aniline was 1:1, no photocurrent was 
observed and photocurrent was found to increase with 
increasing number of molecules of aniline, which has 
no absorption at 532nm. These two facts may be used 
to attribute charge generation to the CT units and 
transport to free aniline molecules. The variation in 
photocurrent with increasing aniline content is shown 
in Fig. 4. 
 

 
 

Fig. 4:  Photocurrent with Aniline concentration 
 

The average distance between molecules is a function 
of concentration and the increase in photocurrent with 
the concentration of aniline molecules can be attributed 
to the decreased inter-site hopping distance. The 
material is only weakly absorbing at 532nm, so the 
generation of carriers can be assumed to be 
homogeneous throughout the medium. The quantum 
efficiency (Ö) for carrier generation, a measure of 
number of generated charges per incident photon, was 
determined using Equation 2. 
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where Iph is the photocurrent density, Po the light power 
density, h the Planks constant, c the velocity of light, e 
the elementary charge and ë the wavelength of the light 
used6. The maximum quantum efficiency obtained was 
7 x 10-8, for the sample with the mole ratio 1:200. The 
photocurrent increased with the increase in excitation 
power (Fig. 5). The variation in quantum efficiency with 
excitation power is shown in Fig. 6. 
 

 
 

Fig. 5 Variation of Photocurrent with excitation 
intensity at 532nm 

 

 
 

Fig. 6 Variation of quantum efficiency with excitation 
intensity at 532nm 

 
 
4. Conclusion 
 
PMMA was made photoconducting by molecularly 
doping with aniline and picric acid. Photocurrents of the 
order of 10-7A/cm2 were obtained at low electric fields 
of the order of 1V/ì m. A photoconductivity sensitivity 
of 10-12 S cm/W could be obtained while keeping the 
absorption at a low value. The photocurrent was found 
to strongly depend on the electric field, which is a 
general behavior of hopping transport. Intensity 
dependence was also observed for the photocurrent. 
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ABSTRACT 

 
Exposition of polymers to ionizing radiation leads to their modification and degradation, which are of interest from a 
fundamental point of view and practical applications. On the microscopic level, the polymer degradation is 
characterized by macromolecular chain splitting, creation of low mass fragments, production of free radicals, oxidation, 
cross linking etc.   We have prepared pure as well as 10-wt % BaCl2 doped Poly (vinyl alcohol) films by solution 
casting method. These films were irradiated with high-energy electron beam of 8 MeV for various doses and UV 
radiation. The microstructural changes within the polymer were studied using UV-Visible optical absorption in the 
wavelength range 195 – 900 nm, and DSC from room temperature to 300 ïC for different irradiation doses. The 
observed changes in UV-Visible spectra and the decoloration of doped polymer film upon irradiation indicates the 
dopant interacts the polymer chain mainly with the hydroxyl group, which increases the polymer chain linking and 
crystallinity.  Using UV-Visible spectra, the optical energy band gap is calculated for all doses and it decreases 
exponentially from 4.3 to 4.0 with the increase in electron dose. Thus from this UV-visible spectral study, one can 
conclude that the irradiation leads to production of conjugated double bonds. To know the thermal property of the 
irradiated polymer films, DSC studies were under taken and it shows that the glass transition temperature (Tg) decreases 
for lower doses and increases for higher dose.  The observed multiple peaks for irradiated polymers indicate the 
increase in crystallinity with the electron dose and also change in melting temperature (Tm). This study suggests that 
electron irradiation changes the microstructure of the doped polymer PVA.  
 
1. INTRODUCTION 
                  
 Polymeric materials have attracted considerable attention 
due to their potential applications including integrated 
optics and holography. Recently, radiation effects 
induced by ionizing particles like electrons, ions, and 
photons have been largely used to modify the chemical 
and physical properties of the polymers. When a polymer 
is exposed to ionizing radiation, the modification 
including degradation occurs with in the polymer, which 
attracts interest from a fundamental point of view and 
practical applications as well. On the microscopic level, 
the polymer degradation is characterized by 
macromolecular chain splitting, creation of low mass 
fragments, production of free radicals, oxidation, cross 
linking etc. These degradation processes affect some 
macroscopic properties of the modified polymers, such as 
mechanical strength, color, and electrical conductivity.1 

Common effects of electron and ion irradiation of 
polymers that are used in devices include cross linking, 
scission of polymer chains, gas evolution, double bond 
formation and free radicals formation2.  Modification of 
the optical and electrical properties of polymers is 
possible by electron irradiation.   Exposure of polymers 
to UV irradiations causes changes in structure and 
morphology hence its chemical and physical properties.  
Poly (vinyl alcohol) has attracted scientists and 
technologists due to its physical and chemical properties. 
It has many optical uses, results from its lack of color, its 
clarity, and its high transmission, which are mainly 
concerned with the retardation, polarization, and filtration 
of light, and in photography. It is one of the simplest of 
the water-soluble hydrophilic polymers, has high Tg 
=85ºC and hence good optical and thermal properties. 

When PVA is doped with some dopant like metal ion etc, 
the dopant is linked chemically with a polymer chain 
mostly to OH group; it often imparts new or improved 
properties to the PVA.3  
 
 The present study is carried out to investigate the effect 
of Electron and UV-irradiation on the optical and thermal 
properties of the PVA filled with 10wt% of Barium 
chloride by using UV-Visible spectroscopy and 
differential scanning calorimetry (DSC). 
 
2.  EXPERIMENTAL   
 
 The PVA samples are obtained from M/S s. d. fine 
Chem. Ltd. Mumbai. Pure and 10 wt% BaCl2 doped 
polymer films were prepared using solvent casting 
method4. Electron irradiation of the polymer was done at 
8 MeV electron accelerator at Microtron centre, 
Mangalore University, India for different doses. UV - 
irradiation of the samples was carried out in air at room 
temperature using a 6-watt Mercury discharge lamp. 
Keeping the polymer films at a distance of 5 cm from the 
centre of the lamp and the irradiation was performed as a 
function of irradiation time.  
 
 These polymer films were studied using SECOMAM- 
ANTHELIE UV-visible spectrophotometer in the 
wavelength range from 195- 900 nm.  
 
The thermal analysis of the samples (3-5mg each) were 
carried out using Differential Scanning Calorimetry 
(DSC) with SHIMADZU DSC-50 from room 
temperature to 250°C at the heating rate of 10° C/min in 
nitrogen atmosphere.   
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Figure 2:Variation of band gap for doped PVA  

3. RESULTS AND DISCUSSION   
   
3.1 Optical Studies  
         
The measured optical absorption spectra for electron 
irradiated 10wt % Bacl2 doped PVA is shown in Figure 1. 
In the UV-Vis spectra, we observed a significant increase 
in absorbance and shift of absorption edges towards 
longer wavelengths with the electron dose. In addition at 
higher doses a small hump appeared around a wavelength 
of 280nm, suggesting the formation of new bonds with in 
the polymer composite. It is also observed physically that 
the white colored doped PVA film is turned to faint 
yellow after high dose of electron irradiation. The 
appearance of additional peak may be attributed to the 
formation of unsaturation and cross-linking. These 
observed changes with in the doped PVA may be 
understood by invoking the interaction between PVA and 
BaCl2, the dopant mainly Ba+2 ion interacts with the 
hydroxyl group of the polymer chain as a result the 
crystallinity increases. Upon on electron irradiation, 
weakening of some bonds and evolution of radicals takes 
place, as a result there is a production of conjugated 
double bonds with in the composite film. This formation 
of conjugated double is manifested in the form of 
increased absorbance and shift of absorption edge 
towards longer wavelengths in the UV-Vis specta1.  

Similar type of observation are reported for PE and PS 
films irradiated with 14.89MeV electrons by others1, in 
P4VP/PTSA complex irradiated with 8 MeV electrons5 

Figure 1: UV-Vis spectra of electron-irradiated BaCl2 
doped PVA  

 

 and PVDF irradiated with 3 MeV electrons 6.  The 
change in color of the film also supports that the electron 
irradiation has induced certain changes in the properties 
of the polymer.   

        Using UV-Vis spectra the optical energy band gap has 
been estimated by converted it into a Tauc,s graph7. The 
variation of energy band gap with electron dose for the 
irradiated composite is shown in figure 2. From the figure 
it is clear that the optical energy band gap decreases from 
4.3 eV to 4 eV with increasing electron dose. This 
exponential decrease of energy band gap E g   may be due 
to enhancement in free radicals, ions and electrons with 
the increasing electron dose6.  

 

 
Figure 3: UV-Vis spectra of UV- irradiated BaCl2     
                 doped PVA for different exposure times 
 
The Figure 3 shows UV -Visible absorption spectra for 
UV-irradiated Bacl2 doped PVA with different irradiation 
time. From the figure it is clear that, the absorption 
coefficient decreases with the exposure time for lower 
wavelengths.  This suggests that the UV irradiation 
induce some modification with in the polymer like 
electron irradiation.  
 
3.2 DSC studies  

 The DSC thermograms of electron irradiated doped PVA 
films are shown in Figure 4. It shows multiple 
endothermic peaks for all samples and are attributed to 
glass transition temperature (Tg) resulting from the micro-
Brownian motion of the main chain backbone, α-
relaxation (Tα) associated with crystalline regions and 
melting temperature (Tm) similar to the results reported 
earlier3. Using Figure 4, the Tg for all samples were 
estimated and its variation is shown in Figure 5. We note 
that the Tg for unirradiated polymer is 61ºC and it 
decreases to 57.7ºC with increasing electron dose up to 
200 kGy, further, increases slightly to 58.3ºC for 300kGy.    

 Figure 4 also shows that the Tá shifts slightly towards 
lower temperature up to 200kGy and increases with a 
broadening for 300kGy.  The other two peaks are 
attributed to melting temperatures, first melting 
temperature (Tm1) around 123ºC and second (Tm2) 
around 160.2ºC are almost constant for all samples except 
300 KGy. For 300 kGy, Tm1 decreases slightly from 
123ºC to 114.8ºC. Our earlier DSC studies on doped 
PVA, shows that Bacl2 doping increase the crystallinity 
of PVA and is observed in the form of multiple peaks. 
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 Figure 4: DSC curves of electron irradiated   
                  BaCl2 doped PVA  

This is mainly due to the fact that the dopant interacts 
with PVA via hydrogen bonding and forms a complex4. 

In view of this the present observed results are explained 
as follows: The decrease in Tg is generally indicates the 
increase in molecular mobility of the polymer. It is a 
known fact that below Tg, molecules do not have 
segmental motion, and some portions of the molecules 
may not wiggle around, but may only be able to vibrate 
slightly. Near Tg, the molecules can start vibrating and 
segmental motion increases. In this context, the electron 
irradiation   causes chain scissions of the molecules and 
leads to the decrease in the average molecular chains 
length. These chain scissions increases the molecular 
mobility; as a result, Tg decreases up to 200kGy. For 
300kGy the increase in Tg and other transition 
temperatures can be understood by invoking the onset of 
the formation of new radicals, which are the precursors of 
cross linking of the polymer chains. It is reasonable to 
consider the shift in Tg to higher temperature due to 
restriction of chain mobility caused by network structure 
formed due to irradiation at higher doses. This also 
indicates the structural changes with in the amorphous 
regions of the polymer, due to crosslinking. A sharpening 
of Tm1 indicates the thermal degradation and may be due 
to the prolonged heating causes a random breaking of 
bonds and sometimes, the detachment of the low 
molecular products in the polymer. The initial chain 
scission caused by the impinging electron further adds to 
the process, thus lowering the thermal stability8. 

 

 

 

 

 

 

 

 

 

 
 

 The DSC thermograms for the UV-irradiated BaCl2 
doped PVA sample for different exposure times of 0, 20, 

and 30hrs are shown in figure 6. From the figure 6, it is 
clear that the DSC results of UV-irradiated polymer are 
almost similar to that of electron irradiated results. This 
indicates that as for as the thermal properties of the 
polymer is concerned the electron irradiation is similar to 
the UV irradiation.   

Figure 6: DSC curves of UV- irradiated BaCl2 doped  
                PVA for different exposure times 

4. CONCLUSIONS 

 
This study shows that electron irradiation induces chain 
scissoring mainly in amorphous region of the polymer at 
lower doses. This chain scissioning results in the 
formation of conjugated double bonds and it increases in 
the chain mobility of the polymer as a result a decrease in 
Tg. This is also a decrease in band gap energy with 
increase of irradiation dose.  The same results are also 
reflected in UV irradiated polymer. The thermal study 
indicates that, electron and UV irradiation makes 
significant modification with in the polymer. At higher 
doses, irradiation causes cross-linking   
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ABSTRACT 

 
 In many applications, the observation of changes in polymer structure allows the best polymer composition and 
preparation conditions to be chosen to achieve the desired properties of the final product. There is a considerable 
interest in fabricating the doped polymer films both point of view of fundamental property determination and the 
development of applications.  In this paper we have studied the effect of dopant KCl on optical and structural properties 
of a semicrystalline Poly (Vinyl Alcohol). The pure and KCl doped PVA films were prepared using solvent casting 
method. The prepared films were characterized using UV-Visible, FTIR and XRD techniques. The UV-Visible studies 
indicates the absorption bands around 196 nm shoulders around 208 nm with different absorption intensities for doped 
PVA and assigned to n � ð* transition. This is indicates to presence of unsaturated bonds C==O and/or C==C mainly in 
the tail-head of the polymer. Using UV-visible spectra the optical energy band gap is estimated and it decreases with 
increasing dopant concentration. The FTIR spectra show a broad peak around 3425 cm-1, corresponding to O—H 
vibrations. The peaks corresponding to C—H stretching is observed at 2940 cm-1and intense bands at 1730 and 1640cm-

1 indicates the presence of an acetyle C==O groups. This result can be explained on the basis of intra/inter molecular 
hydrogen bonding of dopant molecules with the adjacent –OH groups. A sharp band at 1026 cm-1 corresponds to C—O 
stretching of acetyle group present in the PVA back bone.  The powder XRD shows an increase in crystallinity in the 
doped PVA, which arises due to the interaction of dopant KCl with the PVA, causes a molecular rearrangement within 
the amorphous phase of polymer matrix.  This modification also influences the optical property of the doped polymer. 
 
 
INTRODUCTION 
 
Polymeric materials have attracted the scientific and 
technological researchers, because of their wide 
applications mainly due to their lightweight, good 
mechanical strength, and optical properties makes them 
as multifunctional materials. These are also traditionally 
been considered as excellent host materials for 
composites. Recently several advanced polymer 
composites have been synthesized with a wide variety of 
inclusions like metals, nanoparticles etc. Doping a 
polymer with metal salts has significant effect on their 
physical properties including charge storage, charge 
carrier mobility etc. These change in physical properties, 
depends on the chemical nature of the dopant and the way 
in which they interact with the host polymer matrix. This 
is to tailor the composition, structure and function of the 
polymeric materials for new applications1.  

Poly (vinyl alcohol)   (PVA) is a polymer that has been 
studied intensively because of its several interesting 
chemical and physical properties. It is a semicrystalline 
polymer, which exhibits certain physical properties 
resulting from the crystal-amorphous interfacial effects. 
The origin of its crystallinity is mainly due to strong 
hydrogen bonds between the hydroxyl groups2, 3. The 
optical absorption studies of polymer films are very 
important because it provide information on the 
electronic band structure and the optical energy band gap 
Eg

2. These properties are particularly interesting and 
important for device applications4. In recent years the 
variation of optical, structural and other properties of 
PVA were studied by others with different dopant like, 
I/KI, MnCl2, MgCl2, MgBr2, CrF3, FeCl3, Fe3O4 using 

different techniques have been reported1-6. In addition it 
is known that the KCl is an excellent material widely 
used in optical studies from infrared to UV-region.     

In view of this the present work is to understand the 
effect of monovalent metal salt KCl on the 
microstructural and optical properties of PVA using 
XRD, UV-Visible, and FTIR techniques. 
 
EXPERIMENTAL 
 
Sample Preparation and Characterization   
 
The PVA with a molecular weight 1,25,000 is obtained 
from M/s. s. d. fine chem. Ltd Mumbai. The pure and 
KCl doped PVA films were prepared by solution casting 
method.   The thicknesses of the films were in the range 
of 0.05 mm - 0.2mm.   

Optical studies were carried out using UV-Visible and 
FTIR Spectrophotometers. The UV-visible spectra were 
recorded using SECOMAM ANTHELIE - 284 UV-VIS 
Spectrophotometer in the wavelength range 195-1000 
nm. The infrared spectra were recorded using 
SHIMADZU FTIR-8700 Spectrophotometer in the wave 
number range from 400 to 4000 cm-1

   with a resolution of 
4 cm-1

. The X-ray diffraction study was carried out using 
a Bruker D8 Advance X-ray diffractometer with Ni-
filtered, CuKá radiation with graphite monochromator. 
The scan was taken in the 2è range of 5-45o with a 
scanning speed and step size of 1o/min and 0.01o 
respectively.    
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RESULTS AND DISCUSSION 
 
FTIR Studies 
 
The FTIR spectra of pure as well as KCl doped PVA 
samples were obtained in the form of KBr pellets and the 
observed results are shown in the Figure 1and the peak 
assignments are given in table 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: FTIR spectra of  a) pure  b) 1 wt% c) 5 wt%   
                d) 10 wt% and e) 20 wt% KCl doped PVA 
 
The figure shows that the bands shift with a decrease in 
intensities for KCl doped PVA, indicates the considerable 
interaction between KCl and PVA. The shift in the 
stretching frequencies of acetyle C=O of PVA is from 
1644 to 1640, 1638 (decrease intensity) 1636 cm-1 
(increase in intensity) for 1 wt % , 5 wt% and 10 wt% 
doping levels. The shift from 1729 to 1725, 1723, 1715 
cm-1 peaks for 1 wt% and 5 wt% and 10 wt% doped PVA 
respectively with a change in intensity are corresponding 
to C=C peak.   The shift in CH2 stretching vibrational 
frequency is from 1428 to 1432, 1428, 1426 cm-1 1 wt% 
and 5 wt% and 10 wt% doped PVA respectively with 
slight variation in intensity.  The shift in C–O stretching 
of acetyle group of PVA and O–H bending vibration 
frequency is from 1085 to 1083, 1089, and 1085 cm-1 
with a sharp decrease in the peak intensity.  This 
modification may be understood by invoking to the intra/ 
inter molecular hydrogen bonding and complex formation 
of the PVA molecules with the KCl. Thus it can be 
concluded that the OH group of the PVA interact with K+ 
ion of KCl producing a complex. Due to this interaction 
and complex formation the frequencies corresponding to 
other vibrations in PVA such as –CH2,  –CH group and 
C�O groups will be affected as reflected in the figure. It 
also modifies the wagging, bending, skeletal and out of 
plane vibrations 5, 6.                   
Table 1. FTIR results of the samples 
Wave number (cm-1)      Assignment 
   3419-3425         O–H stretching vibration 
   2920-2928         C–H asymmetric stretching vibration 
   2851-2855         C–H symmetric stretching vibration    
   1715-1729         C=C stretching vibration 
   1636-1644         C=O stretching vibration  
   1428-1432         bending of CH2 vibrations 
   1374-1384  wagging of CH2 vibrations 
   1249-1255         C–H wagging  
   1083-1089         C–O stretching  
     846-788           skeletal peak 
     451-665           out of plane vibrations  

UV-Visible Studies.  
 
The UV-Visible absorption spectra of pure as well as KCl 
doped PVA are shown in the Figure 2. The observed 
results, the absorption edges and band assignments are 
given in table 2. The absorption band at 196nm in PVA 
was due to n-ð* transitions. The observed absorption 
bands around 208nm indicates the presence of 
unsaturated bonds, C==O and/or C==C mainly in the tail-
head of the polymer. The band at 208nm was assigned to 
ð-ð* transition3, 4. The sharp absorption edge around 
245nm in pure PVA indicates the semi crystalline nature 
of PVA. As expected, the PVA contains single bonds in 
the main chain and double bonds in the branches; the 
observed absorption in the UV (190-375nm) region is 
understood.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: UV-Vis absorption spectra of a) pure  b) 1 wt%,  
             c) 5 wt%  d) 10 wt% and e) 20 wt% KCl doped PVA 
 
The Figure shows, a shift in both the absorption bands 
and band edges for the doped PVA. These shifts in the 
bands explain the formation of inter/intra molecular 
hydrogen bonding with the adjacent OH groups. The 
increase in KCl concentration increases the inter/intra 
hydrogen bonding and hence absorption.  This is in 
accordance with the Beer’s law i.e. the absorption is 
proportional to the number of absorbing molecules.   
 
Determination of the optical energy band gap Eg  
 
Using the observed UV-Visible spectra the optical energy 
band gap Eg is estimated by translating the spectra into 
Tauc’s plots.  A Plot of (áhí)  1/2 (product of absorption 
coefficient and photon energy) with hí (photon energy) at 
room temperature and by extrapolating the linear portion 
of the curve to the point (áhí)1/2 = 0   gives the optical 
energy band gap Eg 

5, 8
. The calculated Eg for all the 

samples are shown in table 2. The results show that the 
band gap decreases with increase in dopant concentration. 
 
The change in Eg due to doping gives information of 
optical, electronic and microstructural behavior of 
polymer. The observed change in the band gap may be 
explained using FTIR results.  The interaction of K+ ion 
of KCl forms a complex with –OH group of the PVA 
results in the formation of intra/inter molecular hydrogen 
bonding, which is reflected in the form of decrease in 
band gap  
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Figure 3:  Optical Band Gap of a) pure  b) 1 wt% c) 5 wt%    
               d) 10 wt% and e) 20 wt% KCl doped PVA 
 
Table2. Optical absorption data of pure & doped PVA 
Sample (wt%) ëmax                     ëedg         Eg 
(PVA+KCl)  (nm) assignment  (nm)      (eV)    
       0             196     n � ð*         245        4.96      
                208     ð�ð * 

      1              197     n � ð*         248        4.83 
        207     ð�ð *        

      5              197     n � ð*         257        4.41 
        209     ð�ð *        

     10             200     n � ð*         259        4.25 
        210     ð�ð * 

     20             205     ð�ð *         265        4.17   
 
XRD studies 
 
The WXRD patterns of pure as well as KCl doped PVA 
are shown in the Figure 3 and results are tabulated in 
table 3.  From the result it is clear that as dopant 
concentration increases, the amorphous broad band shifts 
towards higher angles with a decreased in its intensity 
compared to pure PVA. In addition appearance of new 
sharp crystalline peaks starts from 5 wt% doped samples 
onwards.   

Figure 4:  WXRD spectra of a) pure  b) 1 wt%, c) 5 wt%, 
              d) 10 wt% and e) 20 wt% KCl doped PVA  
 
This results suggests that the dopant KCl interacts with 
the polymer PVA via intra/intermolecular hydrogen 
bonding as a result the molecular rearrangement takes 
place within the polymer matrix This interaction of 
dopant leads to a structural repositioning of the PVA 
chains mainly with the hydroxyl group (similar to the 
results explained in the FTIR spectra) as a result the 

amorphous peak shifts towards higher angles with a 
decrease in intensity1, 6.  
The observed sharp peaks may be due to the formation of 
crystalline phases of the dopant molecules. 
 
Table 3. WXRD data of the samples 
Sample         2è(deg)  d-spacing(Å)  Assignment 
1) Pure PVA 19.563     4.53476   broad peak 
2) 1 wt%       15.859     5.58366   small peak 

       19.642     4.51592   strong and broad peak 
3) 5 wt%       19.864     4.46615   strong and broad peak
         28.339    3.14672   strong and sharp peak 
4)10 wt%       20.640    4.29985   strong and broad peak
         29.294    3.04633   strong and sharp peak 
                      41.428    2.17781    small and sharp peak  
5)20 wt%      20.458    4.33769    strong and broad peak 
         28.339    3.14677   small and sharp peak  
                      28.951    3.08162    strong and sharp peak 
 
Conclusions 
 
We have studied the optical and structural properties of a 
PVA doped with KCl. The FTIR study shows that the 
dopant KCl forms a complex with OH group of the PVA 
results in the formation of intra/inter molecular hydrogen 
bonding. The UV-Visible optical studies also reflect the 
complex formation and its effects on the band gap as well 
as the other optical properties. The XRD results shows 
that due to the interaction of dopant and hence complex 
formation the structural repositioning takes place as a 
result crystallinity increases.  
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ABSTRACT 

Recently second order nonlinear optical materials have attracted much due to their potential applications in the 
emerging area of science and technology like opto-electronic, Photonic, data storage   technologies. Generally organic 
molecules possessing electron donating and accepting groups connected by extended ð-electron pathways have large 
hyperpolarisabilities (â). Among the organic materials, Chalcone derivatives are some of the notable nonlinear optical 
materials in which, one can grow relatively bulk crystals up to a certain size. These crystals are mechanically hard, 
chemically stable, transparent in the blue green region and possess second harmonic generation (SHG) property. We 
have synthesized a Chalcone derivative; 1-(4-methylphenyl)-3-(4-methoxyphenyl)-2-propen-1-one, a novel organic 
non-linear optical material and single crystals were grown by slow evaporation technique at room temperature. The 
grown crystals were characterized by UV-Visible spectra and single crystal XRD. The recorded UV-Visible spectra 
reveal that the grown crystals were transparent in the visible region and absorption takes place only in the UV region. 
From the single crystal X-ray diffraction studies, it was found that, crystals of this compound belong to monoclinic 
crystal system with a space group P21/a. The estimated cell parameters for this crystal are a = 11.678(1) Å, b = 
11.113(2) Å, c = 11.720(1) Å, beta = 115.36 (10). The second harmonic generation (SHG) efficiency of the crystal was 
obtained from Kurtz powder technique using a ND-YAG laser (ë = 1064 nm), which is found to be 0.5 times that of 
Urea.   

 

INTRODUCTION 
 
Non-linear optical materials are expected to be active 
material for optical communication and optoelectronic 
devices. These include both organic as well as inorganic 
materials. Organic materials have been synthesized based 
on the predictive molecular engineering approach and are 
crystallized and studied extensively due to the nonlinear 
optical (NLO) coefficients being often larger than those 
of inorganic materials. Some of the advantages of organic 
materials over the inorganic materials are the scope for 
altering the properties by functional substitutions, high 
degree of non-linearity and high damage resistance.   
Recently, there is a considerable interest in the synthesis 
of new materials with large second-order optical 
nonlinearities, because of their potential use in 
applications including telecommunications, optical 
computing, optical data storage, and optical information 
processing1-5. Many of such applications require materials 
with very large macroscopic second-order 
susceptibilities, which are usually constituted from 
molecules with large molecular first orger 
hyperpolarizability and oriented in a non-
centrosymmetric arrangement6-7. The practical 
applications of the organic crystals are limited by poor 
chemical stability, due to the presence of large organic n-
conjugated system, which causes the red-cut off 
wavelength. This also due to poor phase matching 
properties caused by large birefringence, which results 
from the layer stacking of the structure and other factors.   
Owing to the high polar nature of the molecules, they 

often tend to crystallize as long needles or thin 
platelets7,8. 
 
Among many organic compounds reported for their 
second harmonic generation (SHG), chalcone derivatives 
are noticeable materials for their excellent blue light 
transmittance and good crystal stability9, 10.  It is known 
that the low temperature solution growth technique is 
widely used for the growth of organic and inorganic 
compounds to get good crystals. In this paper we report 
the optical properties such as UV-visible, SHG etc. and 
single crystal X-ray diffraction studies on a chalcone 
derivative, 1-(4-methylphenyl)-3-(4-methoxyphenyl)-2-
propen-1-one single crystals.  
 
Crystal Growth 

The compound 1-(4-methylphenyl)-3-(4-methoxy 
phenyl)-2-propen-1-one was synthesized from chaisen 
schimt reaction method 9. Single crystals were obtained 
by slow evaporation using acetone as a solvent11 and 
crystal structure analysis was carried out using single 
crystal XRD. 

Characterization  

The molecular formula of the synthesized compound is 
found to be C17H16O2 and its molecular weight is 252. 
The density of the compound was measured using the 
Archimde’s principle, considering the weight of the 
crystal in air and water, which is found to be 1.2245 



gm/cm3. The melting point of the grown crystals is 
measured and it is found to be 1120C. 

Optical Studies 

UV-Visible: The UV-Visible absorption spectrum of the 
grown crystal was recorded using SECOMAM UV-Vis 
spectrophotometer in the wavelength range of 200 –1000 
nm and is shown in figure 1. From the Figure, it is clear 
that the crystal is transparent in the visible region and the 
absorption takes place in the UV range. In the UV region 
we observe three absorption bands; less than 300nm, 
around 350nm and around 400nm. The maximum 
absorption around 400nm wavelength may be assigned to 
n-π* transition and may be attributed to the excitation in 
the aromatic ring and C=O group. The maximum 
absorption edge is found to be 450nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  UV-Vis spectrum of  1-(4-methylphenyl)-3-(4-

methoxyphenyl)-2-propen-1-one   
 
Measurement of SHG efficiency 
 
The SHG conversion efficiency of the compound was 
measured using Kurtz powder technique. In this 
technique, the powder sample with a average particle size 
of 100-150 ì m was illuminated using Q-switched 
Nd:YAG laser emitting a fundamental wavelength of 
1064nm with 10ns pulse width. The SHG of the crystal 
was confirmed with the emission of green radiation 
(ë=532nm) and the parent ray 1064nm was filtered using 
an IR filter. The amplitude of the SHG out put voltage 
was measured using a photomultiplier and a digitalizing 
oscilloscope assembly. The measured value was 
compared with the SHG amplitude of the standard 
organic NLO material Urea.  The SHG efficiency of this 
compound has been measured as 0.5 times that of urea.  
 
Crystal structure analysis 
 
Single crystal structural studies were carried out using 
single crystal x ray diffractometer. A defect free single 
crystal with approximate dimension 0.3 x 0.3 x 0.4 mm3 
was selected for this study. The crystal chosen was 
mounted in the diffractometer and three-dimensional x-
ray diffraction data was collected in frames using 
oscillation method in theta ranging between 3.75 - 32.43 

deg. The measurements were made on a DIP Labo 
Imaging plate diffractometer with kappa geometry using 
graphite monochromated Mo-Kα radiation. The image 
processing and data reduction were done by using 
Denzo12-13 method. The structure was solved and refined 
using maXus program. Full matrix least squares 
refinement were done using SHELXL-97 with isotropic 
temperature factors for all the non-hydrogen atoms 
converged residuals. Refinement of non-hydrogen atoms 
with anisotropic thermal parameters was started at this 
stage. All the non-hydogen atoms were revealed in the 
first map. The hydrogen atoms were placed at the 
calculated positions. 

 
Figure 2: The ORTEP of the molecule 1-(4-methylphenyl)-3-   
                (4-methoxyphenyl)-2-propen-1-one  

Figure 3: The packing of the molecules down b-axis  

 
Thirty-six frames of data were collected by the oscillation 
method with each frame being exposed for around 300 
seconds. Successive frames were scanned in steps of 50 
per min with an oscillation range of 50. All the frames 
could index using primitive monoclinic lattice. All the 
non-hydrogen atoms were revealed in the first map itself. 
They were isotropically refined using SHELXL97 till the 
R1 value converged to 0.1967. Anisotropic refinement 
was commenced at this stage. H atoms were placed at 
chemically acceptable positions. The final cycle of the 
full-matrix least squares refinement was carried out for 
7304 reflections with 172 parameters. The final R1 value 
converged to 0.0630.  
The data collection and crystal structure details are given 
in Table 1. Figure 2 shows the ORTEP of the molecule at 
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50% probability. The packing of the molecules down b 
axis is shown in figure 3. The hydrogen atoms were fixed 
after the final anisotropic refinement of the remaining 
atoms 
 
From this study it is found that, the compound 
crystallizes in monoclinic crystal system with a space 
group P21/a. The cell parameters are a = 11.678(1), b = 
11.113(2), c = 11.720(1), beta = 115.36 (10).  
 
 
Table 1.  Crystal data and structure refinement for Shelxl 
  
Empirical formula C17 H16 O2 
Formula weight 252.30 
Temperature 293(2) K 
Wavelength 0.71073 Å 
Crystal system Monoclinic 
Space group P21/a 
Unit cell dimensions a = 11.678(1) Å  

b = 11.113(1) Å  
c = 11.720(1) Å  
beta = 115.36(1) deg. 

Volume 1374.4(3) A3 
Z 4 
Calculated density 1.219 gm/cm3 
Absorption coefficient 0.079 mm-1 
F(000) 536 
Crystal size 0.3 x 0.3 x 0.4 mm3 

Theta range for data 
collection 

2.66 to 32.41 deg. 

Limiting indices -13<=h<=13, -16<=k<=16, -
17<=l<=17 

Reflections collected / 
unique 

7304 / 4039 [R(int) = 
0.0278] 

Completeness to theta 32.41     81.6 % 
Refinement method Full-matrix least-squares on 

F2 

Data / restraints / 
parameters 

4039 / 0 / 172 

Goodness-of-fit on F^2 1.326 
Final R indices 
[I>2sigma(I)] 

R1 = 0.0630, wR2 = 0.1967 

R indices (all data) R1 = 0.1031, wR2 = 0.2261 
Largest diff. peak and 
hole 

0.236 and -0.193 e.A-3 

Conclusions 

The chalcone derivative 1-(4-methylphenyl)-3-(4-
methoxyphenyl)-2-propen-1-one was synthesized and 
single crystals of this compound have been grown by 
solution growth technique at room temperature. The 
single crystal structure analysis o the grown crystals were 
carried out using single crystal X –ray diffractometer. 
From this study it is found that the crystals belongs to 
monoclinic system and the estimated cell parameters are a 
= 11.678(1), b = 11.113(2), c = 11.720(1), beta = 115.36 

(10). From the UV-Visible spectral studies, it is found 
that the crystals are transparent in the visible region and 
absorption takes place in the UV region. This chalcone 
derivative compound has SHG conversion efficiency of 
0.5 times that of Urea. This study also indicates that these 
crystals can be used for NLO applications in the visible 
region. 
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ABSTRACT 

 
We report the observation of self-written waveguide inside a bulk Methylene Blue sensitized poly (Vinyl 
Alcohol)/Acrylamide photopolymer material. Light from a low power He-Ne laser was focused into the material and 
the evolution of the beam was monitored. The beam propagated through the medium without any diffraction effects. 
 
 
 
1 INTRODUCTION 

 
Light induced or self-written waveguide formation is a 
recognized technology by which we can form an optical 
waveguide as a result of the self-trapping action of a 
laser beam passed through a converging lens or a single 
mode fiber. Self-writing is a relatively new area of 
research and the first experiment was done by Frisken in 
19931. Since then the phenomenon of self-writing has 
been observed in a number of photosensitive optical 
materials including UV-cured epoxy, germano-silicate 
glass2, planar chalcogenide glass etc. Monro et al. 
theoretically showed that the refractive-index changes 
that occur in photosensitive glass are large enough to 
form self-written channel waveguides as long as the 
input beam is not too narrow3. The physics of self-
writing in all cases is very similar to the physics of 
spatial solitons4 and is based on the self-action of light. 
The waveguides thus formed are of particular interest as 
these waveguides can be formed at low power levels 
and the material response is wavelength sensitive; 
therefore a weak beam can guide an intense beam at a 
less photosensitive wavelength. Scattering losses due to 
surface roughness can be significantly reduced in buried 
waveguides. Many processing steps are needed to form 
buried waveguides using. But, if the buffer layer is 
transparent at the writing wavelength, direct writing can 
be used to form buried waveguides. The major obstacles 
in the widespread use of single mode fibers in the 
telecommunication industry are effective low cost 
coupling of light into single mode optical fibers and the 
incorporation of bulk devices into optical fibers. A self-
written waveguide structure induced by laser-light 
irradiation is considered as a candidate for convenient 
coupling technique between the optical fiber and 
waveguide5-7. 
Polymer optical waveguides have attracted considerable 
attention for their possible application as optical 
components in optical communication systems; be-
cause fabricating waveguides from polymers is much 
easier than fabricating them from inorganic materials8-11.  
In recent years, experiments with photopolymerizable 
materials have produced promising results. Kewitsch 
and Yariv12 demonstrated both experimentally and 
theoretically, self-trapping and self-focusing in 
photopolymerizable materials (a liquid diacrylate 
photopolymer). They observed these phenomena after 

an initial diffraction period lasting approximately 20s. 
Friedrich et. al13 fabricated a directional coupler using a 
three-dimensional waveguide structure. Recently, 
Jaeyoun et.al14 successfully fabricated artificial 
ommatidia (imaging unit of insect’s compound eyes) by 
use of self-writing and polymer integrated optics. These 
biomimetic structures were obtained by configuring 
microlenses to play dual roles for self-writing of 
waveguides (during the fabrication) and collection of 
light (during the operation). 
In this work, we report the observation of self-writing in 
a bulk photopolymer (Methylene Blue sensitized poly 
(Vinyl Alcohol)/Acrylamide (MBPVA/Acrylamide)). 
When the photopolymer is illuminated with light of 
appropriate wavelength (632.8nm), the polymer chains 
begin to join. The length of these chains determines the 
density of these polymers. As a result the refractive 
index of the exposed part of the material changes. The 
change in refractive index is much larger than that of 
traditional nonlinear optical phenomena such as Kerr or 
photorefractive effects. However, the index change upon 
illumination is not instantaneous as compared to these 
two effects. The initial refractive index of the 
photopolymer is 1.5167.  
 
 
2 THEORETICAL MODEL 
 
 The evolution of the beam inside the 
photopolymerizable material can be described by a 
paraxial wave equation of the form15, 
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Where k0 is the free space wave number, �n is the 
change in refractive index, n0 is the initial refractive 
index and á accounts for the attenuation of the beam. 
The effect of photosensitive refractive index changes on 
light propagation is given by the third term and that of 
material loss by the fourth term of Eq. 1. For a bulk 

material, 2
⊥∇ = � 2/ �x 2 + � 2/ �y 2 and E is the amplitude 

of the electric field.  
The phenomenological model for the evolution of 
refractive index has the form, 
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normalized time,  p is 1 or 2 depending upon one-

photon or two-photon process and sn∆  is saturation 

index change. The input beam is assumed to be 
Gaussian. Solving this we get an equation which has a 
soliton solution15. 
                                                     
 
 
3 EXPERIMENTAL 
 
3.1 Sample Preparation and Optical Properties 
 
Photopolymer systems typically comprise of one or 
more monomers, a photo-initiation system and an 
inactive component often referred to as a binder. The 
MBPVA/Acrylamide solution was prepared by 
sensitizing the 10% polyvinyl alcohol (PVA) solution 
(molecular wt 1, 25,000 MERCK) with methylene blue 
(MB) (SD Fine) and triethanol amine (SD fine) and 
acrylamide (SRL). The concentration of each of the 
components in the prepared solution is: Methylene blue 
2.8 x 10-4 mol/l, Triethanolamine (TEA) 0.05 M and 
Acrylamide 0.381mol/liter. 
 

 
 
Fig 1. Change in absorbance as a function of exposure. 
The topmost curve is the spectrum of unexposed film. 
The lower most curve is that of PVA/Acrylamide film 
(prior to MB doping). 
 
Poly Vinyl Alcohol (PVA) doped with acrylamide has 
excellent transparency across the visible spectrum. The 
polymer films of MBPVA/Acrylamide can be bleached 
to almost complete transparency in the visible on 
exposure. The absorption spectra of 2mm thick films of 
the photopolymer at different levels of exposure taken 
using a JASCO spectrophotometer (Model V-570) are 
shown in Fig 1. The film was exposed to 0, 50, 75, 150 
and 500 mJ of energy. The topmost curve is the 
absorption of unexposed film. The lowermost curve is 
the absorption spectrum of pure PVA doped with 
acrylamide. The film bleached to complete transparency 
after an exposure of 500mJ. 
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Fig. 2. Relative transmittance vs. exposure for an 
incident intensity of 5mW /cm2 for 10 minutes 
 
The real time relative transmittance of the film for an 
incident intensity of 5mW/cm2 for 10 minutes is shown 
in Fig 2. From this also we can see that the film 
bleached to complete transparency after 500mJ of 
energy. The maximum change in refractive index occurs 
at this point. 
 
3.2 Self-trapping Experiment 
 
For the self-trapping experiment, freshly prepared 
solution of MBPVA/Acrylamide was taken in a cuvette 
of dimension 1cmx1cmx5cm. Gaussian beam from a 
low power He-Ne laser (5mW, 632.8nm, Melles Griot) 
was focused to a spot size of 70ì m and allowed to pass 
through the material. The experimental setup for the 
observation of self-writing is shown in Fig 3. 
 

 
 
Fig 3. Experimental setup for the observation of self-
writing of a low power He-Ne beam in a liquid 
photopolymer. 
 
The beam propagated a distance of 10mm through the 
liquid photopolymer without any diffraction effects (Fig 
4.). The observation of self-trapping in this system is of 
particular interest because MBPVA/Acrylamide 
photopolymer can be easily prepared. The guides 
induced in this material are of permanent nature.  So it 
can be used for the fabrication of new organic optical 
devices, photonic crystals16 etc. 
 



 

 
 

 
 

Fig 4. Propagation of the beam through the medium 
without any diffraction effects. 
 
4 CONCLUSION 
 
We have shown the stable propagation of a low power 
He-Ne laser beam through a liquid MBPVA/Acrylamide 
photopolymer material. The beam propagated through 
the medium without any diffraction effects. The 
propagation of the beam can be described by the 
previously studied theoretical models. The guides in 
induced in this material are of particular interest owing 
to the fact that MBPVA/Acrylamide can be easily 
prepared and has low cost as compared to the materials 
used by previous researchers. 
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NOVEL SYNTHESIS ROUTE 

 

Arun. K.J, S.Jayaleksmi 

Division for Research in advanced Materials, Dept: of physics, Cochin university of Science & 

Technology, Cochin- 22. Kerala, India. 

Abstract 

A potential organic NLO single crystal based on amino acids; L alaninium oxalate was grown 

using the simple chiral amino acid L Alanine and L oxalic acid by slow evaporation method.  Grown 

crystals had an optimum dimension of 40 x15 x 5 mm
3
 with good optical quality and were characterized 

using powder  XRD, FTIR spectroscopy, TGA- DTA, UV/ VIS/ NIR  Diffuse reflectance spectroscopy and 

Photoluminescence  studies. 
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1.Introduction. 

Over the past two decades much 

attention has been paid to the search of novel 

high quality NLO materials that can generate 

high second order optical non linearities which is 

important for potential applications including 

telecommunication, optical computing, optical 

data storage and processing. ( 1 ) – ( 6). 

 

Organic NLO materials are formed by 

weak Van Der Waals and hydrogen bonds with 

FRQMXJDWHG� �� HOHFWURQV� DQG� DUH� PRUH�
advantageous than their inorganic counterparts 

due to high conversion efficiency for second 

harmonic generation and transparency in the 

visible region, high resistance to optical damage 

and so on. 

 

7KH�.� DPLQR�DFLG�/�DODQLQH�FU\VWDO�KDV�
shown strong non linear behaviour and 

anomalous  phonon coupling and is a system 

exhibiting vibrational solitons ( 7 ).An attempt is 

made to synthesise and grow an organic NLO 

material  

L alaninium oxalate (LAO ) using L 

alanine and L oxalic acid . The seed grown 

crystals of LAO were characterized by XRD, 

TGA- DTA, FTIR, DRS and photoluminescence 

studies and the results are reported. 

 

2. Experimental. 

2.1 Synthesis and seeded crystal growth. 

L alaninium oxalate was synthesised 

from equimolar solution of L alanine and L 

oxalic acid by evaporation preventing 

decomposition. Synthesised samples were 

crystallised repeatedly to get a pure, colourless 

crystalline powder. Good quality seed crystals 

were prepared using this powder. One or two 

seed crystals were then placed in its 

supersaturated solution kept in a bath at 35 °C.  

Seed crystals were grown to big crystals by slow 

evaporation to a size of about 40x 15 x 8 mm
3
 

with good transparency in a time of about three 

weeks.  To the best of our knowledge; growth of 

big LAO crystals of such size is not reported by 

any worker so far. 

 

2.2 Characterisation methods 

Powdered XRD scan of the crystals was 

done using Rigaku X ray diffractometer using  

&X� ..� UDGLDWLRQ� WR� LGHQWLI\� WKH� FRPSRXQG� DQG�
structure. 

FTIR spectrum of the crystals was taken 

with AVTAR 370 spectrometer having DTGS 

KBr detector with a resolution of 4 cm
-1

. 

TGA- DTA studies were carried out in 

nitrogen atmosphere at a heating rate of 10°c/ 

min for a range 28 - 600°c to assess the thermal 

stability. 

DRS studies were done using a JASCO 

V 570 spectrophotometer in the range from 190 

to 2500nm . 

Photoluminescence spectrum was taken 

with Jobin Yvon Flurolog 3 spectrophotometer. 

The slit width for excitation was 7 nm and for 

emission 9 nm 

 

3.Results and Discussion. 

3.1 Crystal Structure. 

 



 

From the XRD data, it is observed that LAO 

belongs to the orthorhombic system with a = 

5.6302A°, b= 7.235 A° and c= 19.5973 A°, the 

space group being P2Õ2Õ2Õ and has four molecules 

in the unit cell with a volume of 803.146 A°.  

The close agreement with the observed, 

calculated and reported d values (10) confirms 

the identity of the grown crystal. Alaninium 

cation and semi oxalate anions form alternate 

columns leading to a layered arrangement (10) 

and each such layer is interconnected through the 

NH….O hydrogen bonds. 

  

3.2 TGA-DTA studies  

 

Thermal analysis establishes that LAO has good 

thermal stability up to 196.3°c and there is no 

appreciable phase transition till the material 

melts and there is no decomposition. Hence it 

has prospects in laser applications where crystals 

should withstand high temperature. 

 

3.3 FT-IR spectroscopy 

 
The characteristic vibrations of the 

carboxylate ions and the zwitter ionic group –

NH3
+
 of LAO  are depicted  in the  spectrum. 

Observed frequencies are compared with those 

of similar functional groups including that of 

carboxylate ions.  During the formation of the 

salt; NH2
 
group  in the free acid is converted into 

NH3
+
 ions. Important peaks and their 

assignments are as follows 

 3243 cm
-1

 (OH stretching of COOH group of 

amino acid); 2900 cm
-1

 (NH3
+
 asymmetric 

stretching); 2509 cm
-1

 (NH3
+
 symmetric stretch); 

1915 cm
-1

 (Asymmetric NH3
+
 stretching); 1716 

cm
-1

 (NH3
+
 symmetric bending); 1585 cm

-1
 

(symmetric stretching of C- COO
_
 ); 707 cm

-1
 ( 

OH bending). 

 

3.4. Diffuse Reflectance Spectroscopy 
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DRS spectrum shows that the crystal 

has a wide transparency window without any 

absorption in the fundamental and second 

harmonic wavelengths, ranging from 318 nm to 

1524 nm suggesting suitability for SHG of the 

1064 nm radiation and other applications in the 

blue – violet region.  There is no appreciable 

absorption throughout the visible range. 

 

3.5 Photoluminescence studies 
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Photoluminescence (PL) spectra of     L 

alanine crystal and LAO crystal were recorded.  

Excitation wavelength used was 300 nm. 

 L alanine showed a broad spectrum centered 

around 440 nm whereas LAO had a sharp peak at 

440 nm with enhanced intensity comparable to 

that of conducting polymers and polymer 

composites.  The reason for this enhanced PL 

emission in the case of LAO would be the 

presence of electron donating group NH and 

electron-withdrawing group COOH that can 

HQKDQFH�WKH�PRELOLW\�RI���HOHFWURQV� 
 

4.  Conclusions. 

 Single crystals of a potential NLO 

material LAO has been grown from its seed to a 

size of 40x15x5 mm
3
, which has not been 

reported earlier to the best of our knowledge. 

Crystal structure has been confirmed by XRD. 

Good thermal stability revealed by TGA- DTA 

suggests that it has potential for laser 

applications where crystal should withstand high 

temperature. Good optical transparency    and 

enhanced PL intensity indicate that this material 

could be promising in the field of non-linear 

optics.      
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The nano-composite polymer membrane comprised of poly (vinylidene difluoride)-co- 

(hexafluoro propylene) (PVdF-co-HFP), antimony (III) oxide (Sb2O3) is prepared by using 

simple solvent casting technique. These membranes containing of various concentrations of 

Sb2O3  were soaked in 1M LiClO4 containing 1:1(v/v) ratio of ethylene carbonate (EC) and 

dimethyl carbonate (DMC) to form nano-composite polymer electrolytes. The nanoscale Sb2O3 

particles in the polymer matrix enhanced the ionic conduction due to the availability of oxygen 

vacancies on Sb2O3 surface which induce the Lewis acidic site interact with both polymer 

segment and the anionic species of the electrolyte and also prevent the decomposition of Li-

salt. This locally induced structure modification results in the increase of the fraction of free 

Li+ ions, which can move easily through the conducting pathways at the ceramic extended 

surface. The nano-composite polymer electrolytes were subjected to ac- impedance analysis at 

the temperature ranging from 25°C to 80°C. These films were characterized by SEM, XRD and 

DSC analysis. The wide electrochemical stability window was found out by linear sweep 

voltammetry (LSV). Lithium transference number and interfacial stability were also found out 

for the nano-composite polymer electrolyte. Finally the lithium-ion batteries consisting of this 

highly conductive nano-composite polymer electrolyte and LiNi0.8Co0.2O2 cathode were 

assembled and their charge-discharge studies were performed which showed a very stable 

initial cathode discharge capacity of 145mAh/g with a slight capacity loss under constant 

current and voltage conditions at 25°C and 60°C. 

   

Key words: Nano-composite polymer electrolyte, Ionic conductivity, PVdF-co- HFP,  

                   Charge-discharge studies, Li-ion polymer battery. 
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This paper explores the optimization of polymer blend films using differential 

scanning calorimetric analysis. The micro-porous polymer blend membrane 

(MPPBM) based on poly (vinylidene difluoride)-co- (hexafluoro propylene) (PVdF-

co-HFP) with poly acrylonitrile (PAN) was obtained from (PVdF-co-HFP-PAN-PS) 

based polymer blend matrix by a novel preferential polymer dissolution technique. 

The micro-porous polymer membrane is then soaking in 1M LiClO4 in 1:1(v/v) ratio 

of ethylene carbonate (EC) and diethyl carbonate (DEC). As the removal of PS 

content increased from 5% to 25% the porosity of the blend was also increased from 

18% to 79% and proving linear relationship between the porosity and PS content in 

the polymer network. Hence, the MPPBE obtained by this technique has high ionic 

conductivity than the conventional methods. The MPPBE obtained from 1M LiClO4 

electrolyte solutions has an ionic conductivity of 2.69 x 10-3 Scm-1 at 25°C and the 

polymer electrolyte shows good electrochemical stability upto 4.62V vs Li/Li+. 

Transport parameters such as activation energy and number of charge carrier 

concentration have been calculated from the VTF relationship. The ionic transport 

number of the mobile ions has been estimated by dc-polarization method and is found 

to be 0.789 for high ionic conductivity system. The XRD studies were carried out to 

confirm the polymer-plasticizer-salt complex formation. Correlation between dynamic 

swelling behaviour and dielectric analysis were carried out to explore the ionic 

conductivity of micro-porous polymer electrolyte. Finally, the lithium cell consists of 

LiCo0.10Mn1.90O2/MPPBE/C was assembled and the charge-discharge studies were 

also investigated to find out the vaiability of micro-porous polymer blend electrolyte.     

 
Key words: Micro-porous polymer blend electrolyte, Ionic conductivity, PVdF-co- 

                   HFP, VTF relation ship, dielectric analysis 

OTH 141 



 1

EFFECT OF La3+ SUBSTITUTION ON MnFe2O4 PREPARED BY 
COMBUSTION SYNTHESIS 

 
C.O. Augustin, L. John Berchmans*, R.Kalai Selvan and MP. Indira Devia 

 
 Central Electrochemical Research Institute, Karaikudi – 630 006, India. 

a Department of Materials Science, Madurai Kamaraj University, Madurai 625 021, India. 
(E-mail: ljberchmans@yahoo.com) 

 
 
 
 
 
 
 
 
 
 
 
1. INTRODUCTION 

 

 

 

 

 

 

                 Mixed metal oxides possessing spinel structure 
have been extensively studied by researchers [1-2] as they 
exhibit interesting structural electrical and magnetic 
properties. Spinel ferrites are a class of ternary oxides with 
composition AB2O4 wherein the A ions occupy a 
tetrahedral sites and B ions occupy octahedral sites [3]. 
The spinel structure consists of a face centered cubic 
arrangement of oxygen ions. A unit cell contains 32 
oxygen ions. A2+ cations occupy 64 tetrahedral sites and 
B3+ cations occupy 32 octahedral sites. The distribution of 
cations between both sites varies between two limiting 
cases. The physical and chemical properties of spinels not 
only depend on the nature of A and B but also depend on 
the distribution of these cations in the different 
crystallographic sites. Properties of ferrites are known to 
be sensitive to the synthesis method, starting compounds 
sintering temperature etc., a small deviation in the 
composition stoichiometry of the ferrite affects its property 
greatly.  

The ferrite materials are synthesized by one of 
two major routes, either by a dry traditional ceramic heat 
and beat approach or by a wet chemical synthesis [4]. The 
synthesis technique used to prepare ferrite materials has a 
great influence on their magnetic and electrical properties 
dependent on the synthesis technique employed. This 
variance is a consequence of the microstructure 
engendered by the different synthetic routes. Spinel ferrites 
are commonly used in many electronic and magnetic 
devices due to the high magnetic permeability, low 
magnetic loss [5] and also used in electrode materials for 
high temperature applications because of their high 
thermodynamic stability, electrical conductivity, electrode 
catalytic activity and the resistance to corrosion [6]. Hence 
considering the importance of ferrites, La3+ substituted 
MnFe2O4 forms an important class and exclusively studied 

by its structural, electrical and transport properties through 
this present study. 
 
2. EXPERIMENTAL 
 
  La3+ substituted MnFe2O4 compounds have been 
synthesized using novel combustion method. The 
stoichiometric quantities of analytical grade nitrates 
Mn(NO3)2.6H2O Fe(NO3)3.9H2O and La (NO3)3 were 
mixed with fuel CO(NH2)2 and dissolved in de-ionized 
water to obtain the precursor solution. The precursor 
solution was concentrated in a hot porcelain crucible until 
excess free water evaporated and the final spontaneous 
ignition occurred. The combustion reaction was completed 
with the resultant black, porous ash filling the container.  
The phase formation and the structural features of the 
synthesized samples were characterized by X-ray powder 
diffraction (XRD) using CuKα (α=1.541A°) radiation with 
2θ value ranges from 10° and 80° using JEOL 8030 x-ray 
diffractometer.  The FTIR spectra of the samples were 
recorded as KBr discs between the ranges 400-1000cm-1 
Perkin Elmer UK Paragon – 500, spectrometer.  The D.C 
electrical conductivity was measured as a function of 
temperature of the sintered specimens using the four-probe 
method from room temperature to 1000°C.  

The outcome from various experiments carried 
out for characterization of pure manganese ferrite and 
substituted compounds with La3+ ions are furnished below. 
The data generated both for green and sintered at 1000oC 
are given in the form of Tables and Figures. Similarly the 
relationship between applied parameters and observed data 
as well as the comparison between different parameter in 
relation with substitution effect are also furnished. 
 
 

ABSTARCT 
 

            The tetravalent La3+ substituted MnFe2O4 have been synthesized by combustion method.  Combustion 
synthesis is one of the best preparation processes to produce homogeneous, very fine crystalline, unagglomerated powders 
without the intermediate decomposition and or calcining steps. The prepared powders were sintered at 1000oC for several 
hours.  The phase formation and the structural features of the synthesized samples were characterized by using XRD and 
FTIR spectral methods. DC electrical conductivity was measured as a function of temperature from room temperatures to 
1000°C, which shows the semiconducting behavior.  AC electrical conductivity increases with increasing frequency.  The 
dielectric constant, dielectric loss tangent was also studied for the above samples.  
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3. RESULTS AND DISCUSSION: 
 

The XRD patterns of combustion synthesized 
MnFe2-xLaxO4 (x=0, 0.4, 1.6, 2) is shown in Fig.1. The 
sharp well-defined peaks show the high crystalline nature 
of the synthesized compounds without any impure phase. 
All the peaks are matched well with the characteristic 
reflections of the parent compound. The lattice constant 
values are derived from the XRD patterns are given in 
Table 1. The observed change in lattice constant values is 
due to the difference in ionic radii (La3+ = 1.36 Å, 
Fe3+ = 0.64 Å). The observed lattice constant values are 
well agreed with the earlier reported values [7].  

 
 
 
The FTIR spectra of the parent MnFe2O4 recorded 

at room temperature in the frequency range of 400–
1000 cm�1 . The spectra show two main absorption bands at 
480.3, and 570.82 cm�1 . According to Waldron and 
Hafner, the high frequency band is attributed to that of 
tetrahedral complexes and low frequency band is 
octahedral complexes. The difference in band positions is 
due to the difference in the Fe3+–O2�  distances for the 
octahedral and tetrahedral complexes. The spectra also 
show a change in shift due to the introduction of La3+ ions. 
The tetrahedral site bands are shifted from lower band 
values to higher band values, i.e., 570.82-618.5 cm�1 , 
which can be attributed to the shifting of Fe3+ ions towards 
oxygen ions.  

The relationship between DC conductivity and 
temperature shows the semiconducting behavior, i.e. 
electrical conductivity of the samples increases with the 
increase in temperature. As the temperature increases the 
mobility and concentration of the charge carriers increases, 
therefore the conductivity increases steadily up to 1000°C., 
moreover at lower temperature the deleterious effect of 
some impurities may reduce conductivity, but at higher 

temperature this influence becomes negligible. Increase in 
La3+ ions concentration also enhances the conductivity up 

 
Fig. 2. FTIR spectra of MnFe2O4 

 
to x=1.6. The maximum conductivity of 18S.cm-1 was 
observed for MnFe0.4La1.6O4 at the measuring temperature 
of 1000oC.The conductivity values are given in Table 1. 
The calculated activation energies are in the vicinity of 
semiconducting range. The Arrhenius plot (Fig. 3) shows 
three distinct regions with different slopes. Generally, the 
change in slope is attributed to a change in conduction 
mechanism. The conduction at low temperature is due to 
the hopping of electrons between Fe2+ and Fe3+ ions, 
whereas at high temperatures, it is due to polaron hopping 
[8]. The activation energies show direct response to the 
changes in concentration of La3+ substitution in MnFe2O4 
because the substitution could change the energy band 
structure of the compounds. 
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Fig. 3. Arrhenius plot 

 
The frequency dependent dielectric constant of 

synthesized compounds is shown in Fig. 4. It can be 
observed that the dielectric constant decreases with 
increasing frequency which is a normal behavior that may 
be due to the interfacial polarization as predicted by 
Maxwell–Wagner. The polarization results in an electronic 
exchange between the ferrous and ferric ions, which 
produce local displacements in the direction of applied 
external fields. Similarly the Mn3+⇔Mn2++e+ gives the 
hole concentration in the octahedral sites which produce 
the local displacements in the opposite direction of the 
applied fields. These displacements determine the 
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Fig. 1. XRD patterns of MnFe2O4 (a), MnFe1.6La0.4O4 
(b), MnFe0.4La1.6O4 (c) and MnLa2O4 (d). 
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polarization as well as the dielectric properties. The 
compositional dependence of dielectric constant is also 
shown in same Figure. Among all the specimens the lower 
dielectric constant value is observed for the MnFe0.4La1.6O4 
sample, which shows the higher conductivity.  
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Fig. 4. Frequency Vs Dielectric constant 

 
Fig. 5 shows the frequency Vs loss tangent. It can 

be observed that the values increase steeply at first and 
then decreases to a steady value with high frequency for all 
the materials.  The relaxations peaks are appeared at 
different tan ä values as well as different frequencies are 
show in Figure. The relaxation peak for MnFe2O4 is 
resulted at a tan ä value of 5.61 at 0.1 KHz whereas for 
substituted ferrites of x=0.4 at 0.5 KHz (tan ä  value 15.5).  
But in the case of MnFe0.4 La1.6O4 the relaxation peak is 
obtained at the highest value of 42.8 and an applied 
frequency of 0.1KHz.  This shows the difference in 
interaction of the applied frequency with the localized 
electric charge carrier of the compounds.  
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Fig. 5. Frequency Vs loss tangent 
 

 The frequency dependence of AC electrical 
conductivity of all the samples is shown in Fig. 6. It is 
observed that the AC conductivity increases with 
increasing applied frequency. Since the increase in 
frequency enhances the hopping frequency of the charge 
carriers Fe2+ and Fe3+, the conduction is increased. The 
conduction mechanism of ferrite is explained on the basis 

of hopping of charge carriers between the Fe2+ and Fe3+on 
the octahedral sites [9].  
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Fig.6. A.C conductivity Vs frequency 

 
Table 1: XRD data for MnFe2-xLaxO4 
Sl.No Sample a, Ao σd.c at 1000oC 

S.cm-1 

1 MnFe2O4 8.50 5.6 

2 MnFe1.6La0.4O4 9.0825 14.0 

3 MnFe0.4La1.6O4 9.0825 18.0 

4 MnLa2O4 8.6093 10.21 

 

4. CONCLUSIONS 

Combustion synthesis has been found to be a convenient 
method for preparation of new materials. XRD Analysis 
confirms the cubic nature of the compound synthesized.  
The lattice parameter is observed to increase with increase 
in La3+ ion substitution. The FTIR spectra show the 
characteristic features of spinel compounds. D.C electrical 
conductivity confirms the synthesized materials are in 
semiconductors and the maximum conductivity of 18S. 
cm-1obtained  for MnFe0.4La1.6O4 composition.  
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Introduction: 
 
Transdermal drug delivery (TDD) patches 
are designed to deliver a therapeutically  
effective amount of drug across a patient 
skin. A transdermal drug delivery device 
consists of several components including 
active ingredients, pressure sensitive 
adhesive backing membrane and release 
liner. A pressure sensitive adhesive (PSA) 
is a material that adheres with no more 
than applied finger pressure, is 
aggressively and permanently tacky, exerts 
a strong holding force, and should be 
removable from a smooth surface without 
leaving a residue1.  
Adhesion refers to the force required to 
remove the adhesive from a substrate once 
the bond has reached equilibrium. The 
PSA must hold the TDD at the appropriate 
body site for long periods of time without 
causing skin irritation that might 
discourage patients. The objective of this 
study is to prepare a pressure sensitive 
adhesive film for transdermal delivery of 
6-mercaptopurine (6-MP)  purine analog 
which available  as tablets. It is 
incompletely absorbed from GIT (50%) 
with bioavailability of 5-37%. It also 
undergoes extensive “First Pass 
metabolism”. The common adverse effects 
include GI irritation and hepatotoxicity. 
Transdermal drug delivery systems of 
 6-mercaptopurine will overcome the first 
pass metabolism, common adverse effects 
of the oral route and thereby improve 
patient compliance. 
 
 
 
 

Materials and Methods: 
 
6-mercaptopurine was purchased from 
Sigma chemical Co. (St. Louis, MO) 
Pressure sensitive adhesives (PSA) Duro-
Tak®- 387-2052 was gift sample (National 
Starch and Chemical Co., Netherlands) 
3M, SCOTCHPACK® backing membrane 
and 3M release liner 1022® was gift 
sample form (3M St.Paul USA) and 
remaining chemicals were analytical 
grade. 
Preparation of the pressure sensitive 
adhesives film: 
 
The formulations were prepared according 
to 24 factorial design2. 6-mercaptopurine 
was dispersed in the PSA Duro-Tak®- 
387-2052. The release liner 
(Fluoropolymer coated polyester film) was 
held in a place on a flat surface. A sample 
from each formulation was placed across 
the top edge of release liner. The mixture 
was casted onto the release liner by 
multiple clearance film applicator AR 
5315 (pacific Scientific, Silver Spring, 
MD). The wet adhesive film was dried for 
24 hours in the air and backing membrane 
was used to prevent from external 
environment. 
Evaluation of films: 
The films were evaluated for the following 
physicochemical parameters: 
Thickness:  
 
The thickness of uniform area (2x 4 cm2) 
of the films were measured using film 
thickness measuring instrument (Links, 
India). The thickness was found to be 
0.403±8.52mm. 
 



 
Weight:  
 
The weight of the films (2x4cm2) was 
determined using digital electronic balance 
(Sartoruis, India) the weight was found to 
be 802±6.24 mg. 
Folding endurance: 
 
 For determining the folding endurance, a 
film (2x 4 cm2) was folded in the center 
between finger and thumb and the opened. 
This was called as "one folding”. The 
procedure was repeated until the film 
showed breakage or cracks in the center. 
The total number of folding operations 
was termed the “folding endurance value”. 
The values found to be more the 500 
folding. 
Tensile strength:  
 
The tensile strength of the films was 
determined by the percentage elongation at 
break value. Rectangular pieces of 1 inch 
width 15 cms long strips of film were cut 
using a sharp blade and scale and marked 
2.5 cms from the edges lengthwise. The 
film was held between the jaws of an 
apparatus (Instron, Germany). One jaw 
was kept stationary and another was pulled 
slowly a definite speed and weight until 
the film just broke. Percent elongation at 
break was calculated using eq (1) the % of 
elongation at break was 75 
Percentage elongation at break 
 =   (IB - IA)                X 100           (1) 
  

IA  
Where IA = Initial length of film (cm) and 
IB Length of film (cm) at break. 
 
Invitro skin permeation studies: 
 
A modified Franz diffusion cell3 with a 
diffusional area of 2.065 cm2 was used. 
The human cadaver skin was collected 
from abdominal portion of male 53 years 
(Department of forensic medicine, Victoria 
hospital , Bangalore) skin was heat treated. 
After removing the subcutaneous fat, the 

stratum corneum side of the skin was kept 
in intimate contact with the release liner 
surface. The donor compartment was filled 
with 5ml and receptor compartment with 
20ml 7.4 pH phosphate buffer stirred at 
100 rpm on a magnetic sitter.  The 
contents of the receiver compartment were 
kept at 37±10C with pre warmed water 
flowing through a jacket lined with the 
receiver compartment. The amount of the 
drug permeated was determined sampling 
at regular intervals and analyzed 
spectrophotometrically at 321nm using the 
UV-spectrophotometer. The volume was 
replaced with equal volume of the receptor 
solution. The flux (skin permeation rate of 
the drug) was determined directly as the 
slope of the curve between the steady state 
values of the amount of drug permeated 
(mg cm-2) Vs time in hours4. The 
transdermal flux was185±12ìg/h/cm -2. 
Results and discussion: There was an 
increase in thickness and weight as the 
PSAs was increased. The folding 
endurance value could be defined as “the 
number of times” a film can be folded at 
the same place without breaking”. This test 
is an index of the brittleness of the film, 
the lower the folding endurance value, the 
more brittle the film is, the films showed 
more than 500 folding. It is important test 
to assess the integrity of the film. An 
assessment of the tensile strength of the 
films was made by “percent elongation at 
break” value which could be described as 
“the percentage in change in length when 
film specimen breaks”. The % of 
elongation was about 75, The films was 
found to be more elegant smooth and 
transparent. The transdermal flux was 
found to be very less to attain the 
therapeutic concentration, the films is 
having good mechanical strength and 
flexibility to adhere to the skin. The basic 
design can be altered to deliver the 
therapeutic amount of drug for 24 hours by 
including some excipients like penetration 
enhancers. The materials have shown their 
inhertness and biocompatible with drug. 



  Where as some progress has been made 
in the delivery device, invitro flux suggests 
that pressure sensitive adhesive contribute 
greatly to the cancer chemotherapy, 
exploration of this approach. 
 
Conclusions: Technological progress in 
these pressure sensitive adhesives films 
filed has mainly driven the unmet medical 
needs. 
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Abstract  

        Glasses containing rare earth ions are sensitive to gamma radiation. Effect of gamma 

ray irradiation on the optical absorption of Lithium borate glass containing rare earth 

oxides (Nd, Dy, La, Sm, Pr, Gd and Ce) was investigated in the spectral range 200 - 900 

nm. Gamma ray irradiations yield a linear response in the UV-VIS region for all samples 

except those containing Ce. Direct and indirect band gap energy and the Urbach edge of 

rare earth doped lithium borate glass irradiated with gamma ray were also calculated. 

Marked changes in spectroscopic properties, band edge of the samples were shifted 

towards the longer wavelength region and a shoulder formation, was observed in the 

studied samples on gamma ray irradiation. The shift towards the longer wavelength side 

for the glass subjected for g irradiation is discussed. 

 
1. Introduction 
 
        Presence of inner-shielded rare earth ions affect the optical property of glassy 

systems to a large extent. A large variety of glasses have been developed with these rare 

earth ions as one of the doping material [1]. The optical absorption in the glassy material 

is mainly due to the structural defects and probe ions. It is possible to distinguish the 

absorption band resulting from the structural network defects and due to probe ions. A 

structural defect in a solid is assumed to occur, because admitting a certain amount of 

disorder in the structure minimizes the free energy. Rare earth ions, when added to a 

glassy material as impurities, compete with the intrinsic defects in the glassy material to 

trap the electrons and holes produced by irradiation. The electron and hole trapping 

capability of these ions strongly depends on the chemical nature, valance state and 

concentration of the rare earth ions as well as on the glass composition. The electronic 

transitions of the rare earth ions occur among the inner shielded 4f electrons. Hence both 
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the absorption and emission bands are relatively sharp and are not significantly affected 

by their surroundings [1]. 

Exposure of glasses to radiation is known to cause essential changes in its optical 

characteristics. Radiation induce the generation of free charge carriers in the glass matrix.  

The passage of energetic photons through insulating solid cause extensive ionization and 

electronic excitation leading to the production of colour centers, luminescence and other 

related phenomena [2-5]. 

 
2. Experimental  
 
2.1 Sample Preparation 
 
Glass samples are prepared by the versatile method of melt quenching. Analar grade 

chemicals of composition as specified in Table 1 are taken and mixed thoroughly with 

mortar and pestle. Seven different glass samples are prepared by varying the rare earth 

metal oxide content. It is then heated slowly in a muffle furnace, by increasing the 

temperature at regular intervals of 50 K till it melts. The melting point of the mixture is 

around 1148 K. The melt is kept at that temperature for half an hour, to make it 

homogenous. It is then quenched into a brass mould at room temperature to form the 

glass samples. After quenching, the samples are annealed at 673 K for 31/2 hours to 

remove the stress developed during the quenching process. The amorphous nature of the 

glass samples is confirmed with the help of X-ray diffraction.  

 
2.2 Irradiation and optical measurements 
 
Gamma rays from Co60 source of dose rate 0.3226 MRad /hr at room temperature is used 

for irradiating the prepared samples. The samples are exposed to 5 MRad gamma 

radiation at room temperature. The absorption spectra of these glass samples are taken 

before and after irradiation using the UV-VIS spectrophotometer ranging from 200 - 900 

nm. 

 
3. Results 
 
Absorption spectra of rare earth (Nd, Dy, La, Sm, Pr, Gd and Ce) doped lithium borate 

glass samples before radiation are shown in figures (1-7). Glass samples show absorption 



peaks, which are due to the presence of inner-shielded rare earth ions. Figures (1-7) show 

the absorption spectra of the corresponding samples after irradiation. All the glass 

samples are exposed to the same dose of radiation. Samples irradiated with g radiation 

are found to have a shoulder formation in the wave length range of 400 to 700 nm except 

for glass samples containing Ce ions. Shift in absorption edge towards the longer wave 

length is also found to occur after irradiation.  

 Figure 1 shows the absorption spectra of dysprosium (Dy) doped lithium borate 

glass. It has prominent characteristic absorption at 790 nm and small absorption bands at 

448 nm, 421 nm, 383 nm and 359 nm. With irradiation the absorption peak at 790 nm is 

not affected, however the small peaks are disappeared. The transparent specimen is 

changed to brown colour after irradiation. 

 No prominent characteristic absorptions are observed with cerium (Ce) doped 

lithium borate glass ( Figure 2). The shoulder obtained in other specimen is not seen in 

this sample. Pale yellow colour of the specimen is unchanged due to irradiation, however 

a shift towards longer wavelength region in the band edge of the specimen is observed. 

 Absorption spectra of gadolinium (Gd) doped lithium borate glass is shown in 

figure 3. It has no prominent characteristic absorption in the 200-900 nm range. Due to 

irradiation the absorption of the specimen is found to increase gradually as the wave 

length decreases from 750 nm to 350 nm. The transparent specimen is changed to brown 

colour after irradiation. 

 Figure 4 shows the absorption spectra of lanthanum (La) doped lithium borate 

glass. Similar to Gd doped glass system, no prominent characteristic absorption is 

observed in the 200-900 nm range studied. After irradiation the absorption of the 

specimen is found to increase gradually as the wave length decrease from 750nm to 350 

nm. It is also noticed that the transparent specimen is changed to brown after irradiation. 

        The absorption spectra of neodymium (Nd) doped lithium borate glass before and 

after irradiation is shown in figure 5. Sharp bands with high intensities are present at 

wavelengths 360 nm, 580 nm, 750 nm and 805 nm. Small bands of low intensities are 

found at 430 nm, 475 nm, 525 nm 680 nm & 880 nm. After irradiation broadening of the 

high intensity peaks is observed. Small peaks are not found in samples irradiated with 



gamma rays. It is also noticed that the colour of the specimen is changed from pale violet 

to dark brown. 

 Figure 6 shows the absorption spectra of praseodymium (Pr) doped lithium borate 

glass. Figure shows  prominent characteristic absorption at 570 nm and three absorption 

bands at 480nm, 460nm and 430nm. After irradiation the absorption peaks  disappeared 

due to shoulder formation. The pale green colour of the specimen is changed to dark 

brown colour after irradiation. 

 The absorption spectra of samarium (Sm) doped lithium borate glass is as shown 

in figure 7. It has prominent characteristic absorption at 400 nm and small absorptions at 

370 nm and 350 nm. After irradiation the absorption peaks remain unaffected, the 

increase in absorbance is because of the shoulder formation. The small peaks 

disappeared. The transparent specimen had changed to brown colour after irradiation.   

 The absorption wavelength of the samples remain the same after irradiation. 

There is a lateral shift in absorption of all irradiated samples and the band edges of the 

samples are shifted towards the longer wavelength region.  

 
4. Discussions 
 
        When glass samples are subjected to ionizing radiation such as gamma rays or X-

rays, the principal effects results from purely electronic process. Specifically these effects 

will occur because electrons are excited sufficiently to leave their normal position and 

move through the glass network. In particular the addition or removal of one or more 

electrons from defects or impurity centres results in the formation of colour centres, 

which can absorb light. The Urbach Rule modified for the glassy specimen describes the 

optical absorption edge of the specimen under study 

   α   =  α0exp{γ [ hν- Eg(0) + βT ] / kT }    (1) 

where α is the absorption coefficient, which depends on temperature T and light energy 

hν; α0 and γ are constants,  Eg(0) is the energy gap value at 0K and β is the energy gap 

temperature coefficient, which is determined from the equation Eg(T) = Eg(0) - βT. 

A detailed analysis of the absorption edge of lithium borate glass system doped with 

various rare earths ( Ce, La, Dy, Nd, Sm, Pr and Gd) is presented in this paper. The study 

of fundamental absorption edge in the UV region is a useful method for the investigation 



of optical transition and electronic band structure in crystalline and non crystalline 

materials. There are two types of transitions that can occur at the fundamental absorption 

edge, they are direct and indirect transitions. In both cases, the electromagnetic waves 

interact with the electrons in the valance band, which are raised across the fundamental 

gap of the conduction band. The absorption coefficient follows the equation 

α(ν) = B( hν - E opt)
n / hν      (2) 

where n = ½  for allowed direct transitions and n = 2 for indirect transitions. A plot of 

(αhν) 2 and (αhν) 1/2 with hν shows a substantial linear region from which a value of E0, 

the optical gap or optical absorption edge can be calculated by the extrapolation of the 

linear region to the (αhν) = 0 line [5,7]. The obtained values for the direct and indirect 

transitions for both irradiated and non-irradiated samples are given in the Table 2. The 

shift in the band edge towards the shorter wavelength region is more prominent for Sm-, 

Pr- and Gd- doped lithium borate glasses than Dy-, La- and Nd- doped lithium borate 

glasses. The Ce doped glass shows the minimum shift towards the shorter wavelength 

region. Ce ion shows an important role in improving the radiation hardness among the 

analyzed specimen. Ce ion exhibits its extraordinary ability to improve radiation hardness 

of glasses. This ability may be explained in terms of the electronic structure of the Ce ion, 

it has only one electrons above the 4f shell and hence have the tendency to lose it to take 

the more stable empty state [10]. 

The Urbach energy of the irradiated and non-irradiated glass samples are subjected for a 

detailed analysis. The absorption coefficient, a (ν), in amorphous materials, in the optical 

region near the absorption edge, at a particular temperature, obeys an empirical relation 

known as Urbach rule (Urbach 1953) given by 

α(n) = α0 exp (hν/Ee)        (3) 

where hν is the photon energy, α0 a constant, and Ee an energy which is interpreted as the 

width of the localized state in the normally forbidden band gap and which is also known 

as the Urbach energy. Urbach energy (Ee) is the slope of the Urbach plots, are given in 

table 3. Fig. 10 shows the variation of the Urbach energy with the atomic number of the 

rare earth element doped in the samples under study. (before & after irradiation).From the 

figure it is clear that the variation does not obey any rule of thumb and this suggests that 

the disorder occurring due to irradiation does not depend on the doping element. 



Irradiation produce sufficient distortion of some sites to cause admixing of the orbital and 

this seems to affect the absorption at low doses. Also the destruction of non bridging 

oxygen by irradiation shifts the absorption edge to the longer wave length region [1]. It 

has been suggested that because of the high energy of the gamma rays, the electrons may 

be released from the atomic sites. This may be due to the displacement of atoms or ions 

from their equilibrium positions to interstitial positions, the displacement involves an 

energy change in the state of the electrons [9]. These displaced electrons migrate through 

the glass network until they are trapped in the intrinsic defects of the glass matrix. The 

overall effects described above can cause noticeable changes in the physical properties, 

which may account for the observed increase in the absorbance. The gamma irradiation 

may also result in the rearrangement in the bridging and non-bridging oxygen [8]. 

 

5. Conclusion 

 

        Investigations on the absorption spectra of lithium borate glasses containing rare 

earth metal oxides were carried out before and after irradiation by gamma rays. It is seen 

that the gamma irradiation leads to a long wave shift of their fundamental absorption 

edge. The effect is supposed to be connected with bond rearrangements and changes in 

electronic disorder in the investigated glassy specimen. The effect of irradiation on the 

rare earth ions was studied by varying the concentration of rare earth metal oxides. Ce ion 

exhibits its extraordinary ability to improve radiation hardness of glasses and hence it can 

be used for window panes of space shuttles. Interaction of gamma rays  with the glass 

specimen cause  displacement of electrons from the atomic arrangement. These displaced 

electrons are trapped in the intrinsic defects, which can produce colour centers, 

luminescence etc. 
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Table 1. Composition 

Mol% 
Glass No. 

69% 30% 1% 

G1 

G2 

G3 

G4 

G5 

G6 

G7 

H3BO3 Li2CO3 

Dy2O3 

La2O3 

Nd2O3 

CeO 

Sm2O3 

Pr2O3 

Gd2O3 

 

 

 

 

 

 

 

 

 

 



 

Table 2. Band Gap Energy (Direct & Indirect) 

 

Direct Indirect Glass 

No. Non irradiated Irradiated Non irradiated Irradiated 

G1 

G2 

G3 

G4 

G5 

G6 

G7 

3.2 

3.5 

3.37 

2.66 

3.35 

3.45 

3.24 

2.4 

2.38 

2.1 

2.6 

1.73 

1.59 

1.48 

2.09 

3.1 

2.67 

1.98 

2.2 

2.55 

2.32 

0.5 

0.72 

0.5 

1.85 

0.73 

0.75 

0.12 

 

 

 

 

Table 3. Urbach Energy  

 

Glass 

No. 
Non irradiated Irradiated 

G1 

G2 

G3 

G4 

G5 

G6 

G7 

1.2395 

0.8461 

0.8333 

1 

1.0714 

0.97222 

0.554 

 

0.6521 

1.25 

1.12 

0.1797 

1.1 

0.3157 

0.6 
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Abstract 

Undoped and iodine doped polyaniline (PANI) films are prepared by radio frequency (RF) plasma polymerisation 
technique. Transverse probe beam deflection (PBD) method is used to investigate the effect of variation of reactor 
pressure and the effect of iodine doping on the thermal diffusivity of these films.  
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1. INTRODUCTION 
 

Conducting polymer films have been of 
much interest over the last couple of decades because 
of their role in diverse fields extending from 
microelectronics to sensor technology1-5. Many of the 
studies are concentrated on the conduction 
mechanisms in these polymers. Most of these 
polymers are prepared by the conventional chemical 
or electrochemical synthesis route. Usually such 
polymer samples are made conducting by a suitable 
doping process6. In the case of films, plasma 
polymerization is a widely used technique for the 
polymerization of organic and inorganic monomers.  
Among plasma polymerization techniques, RF plasma 
polymerization enjoys the unique advantage of 
producing pinhole-free films. But these films are 
usually of the highly cross-linked type, unlike those 
obtained from the conventional chemical synthesis 
route. 

In applications where thin films play a 
significant role, their thermal management is of high 
priority, as a poor thermal design may result in a 
device failure. For a proper thermal design, it is 
desirable to have a prior knowledge of the thermal 
parameters of the films. An account of the heat 
diffusion in a film can be adequately represented by 
its thermal diffusivity value. It is defined as the ratio 
of thermal conductivity to the thermal capacity per 
unit volume, given by k Cα ρ= ; where k , ρ  and 

C  are the respective thermal conductivity, density 
and specific heat capacity values of the material. 
There are several well-established methods for the 
thermal characterization of a substance and some of 
these are nondestructive. Photothermal methods are, 
in general, noninvasive. Of the various photothermal 
methods in use, photothermal beam deflection (also 
called probe beam deflection) technique is a superior 
noncontact nondestructive technique for optical and 
thermal characterization7-9. Its contactless nature 
makes it particularly suitable for thin films and single 

crystals. Thermal diffusivity measurements constitute 
one of the most successful applications of the 
photothermal technique. This method can be applied 
to both bulk and thin film samples. This technique is 
based on the periodic heating produced by an 
intensity-modulated laser beam (called the pump 
beam) focused on to the sample surface. The induced 
oscillating temperature distribution gives rise to 
thermal waves in the sample. These waves are of the 
same frequency as the modulating pump beam and 
have wavelengths determined by the modulating 
frequency and the thermal diffusivity of the sample. 
The thermal waves propagating along the surface of 
the sample gives rise to a refractive index gradient in 
the fluid medium adjacent to the sample surface. A 
second laser beam (probe beam) directed parallel to 
the sample surface is deflected at the same frequency 
as the thermal wave. The magnitude and phase of the 
deflection is closely related to the thermal wave. The 
thermal diffusivity of the sample can be determined 
from the phase data. 

Polyaniline (PANI) in the bulk as well as 
film form is a widely probed conducting polymer 
because of its applications in diverse fields. Among 
its various forms, only one form which is the partially 
oxidized protonated emaraldine, is conducting in the 
undoped condition. The electrical conductivity of 
PANI is tailored by different doping techniques10. It is 
well established that doping increases the electrical 
conductivity by several orders of magnitude. Iodine 
doping is a popular technique used in the case of 
PANI. The variation of heat diffusion properties with 
doping, though relevant in thermal design, is not 
much explored. Also in the case of thin polymer 
films, the preparation conditions play an important 
role in determining their structure and properties. 
Although the film structure and composition depend 
primarily on the monomer, in RF plasma 
polymerization, the deposition parameters such as 
monomer flow rate, the reactor pressure, RF power 
and substrate temperature are equally relevant in 
determining the structure as well as the thermo-



physical properties of the film11-12. The present study 
is focused on investigating the dependence of thermal 
diffusivity of PANI films on iodine doping as well as 
on the monomer pressure in the reaction chamber.    
 
2. EXPERIMENTAL 
 
2.1 Preparation of films  

PANI films are prepared by RF plasma 
polymerization technique using a capacitively coupled 
plasma reactor. The reactor consists of a tubular glass 
chamber of about 40 cm in length and 6 cm in 
diameter. A tuned plate oscillator is used for 
generating the required RF power.  

PANI films are prepared on glass substrate at 
different reactor pressures. In situ iodine doping is 
employed to study the effect of doping on heat 
diffusion in these films. 
 
2.2 Thermal diffusivity measurements 

 The experimental set up for the probe beam 
deflection method consists of a sample cell mounted 
on a platform attached to an XYZ translator. A 20mW 
He-Ne laser delivers the pump beam at 632.8 nm. A 
mechanical chopper (SR 540 – Stanford Research 
Systems Inc.) modulates the pump beam. The probe 
beam is supplied by a 5 mW He-Ne laser. A bi-cell 
acts as the position sensitive detector. The detected 
output is amplified and fed to a lock-in amplifier (SR 
830 DSP).                 
 PANI film on glass substrate is mounted on a 
sample holder and kept inside a quartz cuvette sample 
cell. Carbon tetrachloride is used as the coupling 
medium. Intensity modulated 632.8 nm radiation from 
the pump laser is allowed to fall on the sample. The 
probe beam runs parallel and close to the sample 
surface and is directed perpendicular to the pump 
beam. The probe beam gets deflected due to the 
refractive index gradient induced in the coupling 
medium close to the sample surface, with deflection 
components both perpendicular and parallel to the 
sample surface. The transverse component, which is 
perpendicular to the pump beam and parallel to 
sample surface, describes the heat diffusion process 
parallel to the surface. This transverse component is 
detected by the position-sensitive detector. 
 The probe beam is made to scan a region on 
either side of the pump beam in the skimming 
configuration, recording the phase of the photo 
thermal signal. In the phase method for determining 
the thermal diffusivity of a sample, the phase of the 
transverse component of the photothermal deflection 
signal is plotted against the pump-probe offset. A 
fairly linear relation exists between the phase of the 
deflection signal and the offset. Thermal diffusivity 
α  is obtained from the slope of this plot as 

2f mα π= , where f  is the modulating frequency 

and m  is the slope of the graph. 

3. RESULTS AND DISCUSSION 
 

The phase – offset plot for undoped PANI 
film prepared at reactor pressure 40 Pa is shown in 
Fig 1. The value of thermal diffusivity obtained for 
this sample is 74.377 10−× m2s-1. 
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The variation of phase of the photothermal 

signal with pump-probe offset for iodine-doped film 
is shown in Fig 2. The value ( 73.487 10−× m2s-1) of 
thermal diffusivity obtained in this case is smaller 
than that in the undoped case. This reduction is in 
contrast to the general observation of enhancement in 
electrical conductivity of the film upon doping with 
iodine. The presence of iodine in the film increases 
the electrical conductivity, whereas it contributes to 
considerable phonon scattering resulting in decrease 
in heat conduction in the film.  

The phase-offset plots for PANI films 
prepared at reactor pressure 40, 20, 10 and 6 Pa are 
shown in Fig 1 and Fig 3-5 respectively. The thermal 
diffusivity values obtained in these cases are given in 
Table 1. 

A close examination of the values reveals a 
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Table. 1 - Variation of α  with reactor pressure 
 

Pressure (Pa) 40 20 10 6 

α   ( 710−× m2s-1)  4.377 3.653 2.399 2.187 

 
marked reduction in the diffusivity value at 10 Pa. A 
general feature of most of the RF plasma polymerized 

films is their highly cross-linked nature. Also there is 
higher fragmentation at lower pressures. The marked 
reduction in diffusivity value for films prepared at 
lower pressures is attributed to the above two factors. 
This establishes the fact that film properties, 
particularly thermal properties, depend on the 
preparation conditions. 
 
4. CONCLUSIONS 
 
 PANI films are prepared by RF plasma 
deposition technique. Thermal diffusion in undoped 
and iodine-doped films is explored by photothermal 
beam deflection method. In contrast to the behavior of 
electrical conduction, heat diffusion in these films is 
found to be dampened in iodine-doped samples. The 
presence of iodine in the PANI structure reduces heat 
diffusion by enhanced phonon scattering at these sites, 
with no carrier contribution to thermal conductivity. 
 In agreement with the fact that the various 
deposition parameters can affect the structure and 
properties of plasma polymerized films, the present 
study points to a decrease in the diffusivity value at 
low reactor pressures. This reduction is attributed to 
changes in basic nature of the film at low pressures. 
Significant changes in the local order occurring at 
lower pressures can lead to a lowering of the thermal 
diffusivity. 
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ABSTRACT 

 This paper reports the experimental analysis of the electrical and interface characteristics of 
CdTe/CdS heterojunction formed by thermal evaporation. Temperature dependent dark current – voltage 
studies were carried out on Al-CdTe/CdS-Al structure and current transport by thermally assisted tunneling 
of holes from CdTe into interface states followed by interface recombination has been identified with an 
activation energy of 0.5 eV. The interface parameters acceptor density, built-in potential, depletion layer 
width in the vicinity of CdTe/CdS junction and back contact has been calculated from the capacitance-
voltage analysis. The frequency dispersion of capacitance has also suggests the presence of a continuous 
distribution of defect states, leading to a progressive decrease of the response of the defect states to the 
applied ac voltage. A density of traps has been estimated to be about 9.5x1014 cm-3. 
 
INTRODUCTION 
  

Cadmium telluride continuous to be a 
leading candidate for the development of cost 
effective photovoltaics for terrestrial 
applications. The two key properties of this 
material are its near ideal band gap of 1.45 eV 
and its high optical absorption coefficient. CdTe 
solar cells are usually fabricated as 
heterostructures due to the short optical 
absorption length and the difficulty in forming a 
shallow thin film junction with a high 
conductivity surface layer 1. The heterojunction 
partner should have a large band gap and good 
lattice and electron affinity match to minimize 
interface states and to avoid deleterious 
conduction band spikes. Among the various 
heterojunction window materials, CdS with a 
band gap of 2.4 eV is the most extensively 
studied and is best-suited for CdTe solar cells 
due to the fact that these two materials are 
miscible, and a reaction between them during the 
cell fabrication process leads to the formation of 
an interfacial layer CdS1-xTex 

2. The formation of 
this layer is believed to be responsible for 
lowering the interfacial defect density resulting 
in high efficiency devices and the maximum-
recorded efficiency attained so far is 16.5 % 3. 
The understanding of electrical conduction 
through such semiconductor heterojunctions is of 
basic interest because the performance of the  

device is determined by the efficiency of the 
conduction mechanism. The electrical 
conduction in these systems cannot be in all 
cases interpreted by a classical drift-diffusion 
mechanism. Tunneling through defect states in 
the interface region is often suggested as a 
possible conduction path 4. In this paper we have 
reported the electrical conduction and interface 
properties of thermally evaporated CdTe/CdS 
heterojunction.  
 
FILM PREPARATION AND 
CHARACTERIZATION 
  

CdTe/CdS heterojunctions were formed 
by successive evaporation of CdTe and CdS 
powder materials (of 99.99+% and 99.995% pure 
respectively) under a pressure of about 6x10-6 

mbar. The thickness of the films was measured 
in-situ by quartz crystal thickness monitor and is 
about 2 ì m for CdTe and 0.1 ì m for CdS. In 
order to carryout electrical measurements metal-
semiconductor-metal structures were formed by 
evaporating Al metal before and after CdTe/CdS 
heterojunction was made. The dark current-
voltage measurements were made at different 
temperatures ranging between 297-423 K using 
digital pico ammeter. The dark capacitance–
voltage characteristics were studied at room 
temperature using digital multifrequency LCR 
meter (INSTEC LCR 819).  
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RESULTS AND DISCUSSION 
 
(a) Current-Voltage characteristics 
  

Current-voltage characteristics as a 
function of the junction temperature provide 
valuable information about the junction 
properties. The forward I-V characteristics are 
expressed by the standard diode equation 

I=I exp (qV/nkT)o    (1) 

where n is the diode ideality factor, oI is the 

reverse saturation current. The current 
mechanism present was explored from semi-
logarithmic plots of the forward dark I-V 
characteristics at different temperatures. Fig.1 
shows such a plot, from which the value of n and 

oI has been evaluated by fitting the exponential 

data to the eqn (1). The estimated value of n is 
greater than one for all the temperatures studied 
and the slope of the curve is temperature 
dependent. The forward current shows an 
exponential increase with the applied voltage. 
However, at high forward potential the 
characteristics show a linear behaviour which is 
often attributed to the effect of junction series 
resistance 1,5.  
 

0 2 4 6 8 1 0
- 5

- 4

- 3

- 2

- 1

0

1

J 
( 

A
/m

2
 )

 

V  ( v o l t s )

 2 9 7  K
 3 2 3  K
 3 4 3  K
 3 6 3  K
 3 8 3  K
 4 0 3  K
 4 2 3  K

 Fig.1. Log J versus V plot at different 
temperatures   

 
In order to identify the dominant current 
transport mechanism through the junction, log 

oI was plotted as a function of 1/T and is 

illustrated in fig.2. The variation is found to be 
linear indicating the presence of single transport 
mechanism in the whole temperature range 
studied. This is indicative of a thermally 

activated phenomenon rather than direct 

tunneling for which oI is expressed as  

I =I exp (-ÄE/kT)o oo    (2) 

where ÄE is the thermal activation energy of the 

process. From the slope of log oI versus 1000/T 

plot the activation energy was calculated to be 
about 0.5 eV.  
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 Fig.2. Log Jo vs 1000/T plot showing linear 
variation of Jo with temperature.  

 
 Theoretically, an impurity concentration 
of 1019-1020 cm-3 is necessary for direct band-to-
band tunneling 6,7. However, the density of 
acceptor states in the CdTe estimated from C-V 
measurement is about 1015 cm-3. This density is 
too low to allow single-step tunneling through 
the energy barrier. Hence, the tunneling might 
have occurred via the multiple-step process. 
Junction recombination through the interface 
states is known to be of particular importance in 
CdS/CdTe heterojunctions because of the large 
lattice mismatch (9.7 %) 8. For interface 
recombination-dominated current transport the 
value of n should be approximately unity 
because the carrier density in CdS is much larger 
than that of CdTe, and the product ÄEn  should 
be around 1.18 eV which is the built-in voltage 
(Vbi) of the junction 9. Neither of these 
conditions was met in the present case and hence 
it is concluded that interface recombination is not 
the dominant transport mechanism. If 
recombination through localized states within the 
CdTe depletion region is dominant, then a plot of 

-2.5log (J T ) vs 1000/To should yield an 

activation energy approximately equal to half of 
the CdTe band gap 10,11. The validity of this 
mechanism seems doubtful since the calculated 
activation energy of 0.42 eV lies far from the 
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expected value ( gapE /2 ). With the above results, 

it is quite difficult to identify a single current 
transport mechanism across the junction. Hence, 
current transport by thermally assisted tunneling 
of holes from CdTe into interface states followed 
by interface recombination is a possible transport 

mechanism because oI was found thermally 

activated (Fig.2).   
 
(b) Capacitance-voltage analysis 
  

The frequency dispersion of capacitance 
measurements was used to determine the density 
of interface states. Fig.3 depicts the variation of 
the dark capacitance with frequency measured at 
zero bias. The C-f curve shows a rapid decrease 
of the capacitance with increasing frequency 
from 692 to 167.5 pF up to 5 KHz, beyond 
which it seems to be almost constant. The drop 
in capacitance suggests the presence of a 
continuous distribution of defect states, with a 
resulting continuous distribution of cutoff 
frequencies, leading to a progressive decrease of 
the response of the defect states to the applied ac 
voltage. This suggests a contribution to the 
junction space from relatively slow deep level 
states at or near the CdTe/CdS interface 12. The 
total number of interface states due to depletion 
and interface was estimated to be about 7.7x1010 
eV-1 cm-2. 
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Fig.3. Frequency dispersion of capacitance at 
zero bias 

 
 Fig.4 shows the variation of capacitance 
with the applied reverse potential for various 
frequencies. At low voltage the capacitance 
increases with voltage and then goes through a 
maximum, and beyond this maximum the 

capacitance slowly decreases with voltage. This 
behaviour of capacitance is explained by the 
assumption of a back contact barrier which is 
reported to be responsible for the frequently 
observed roll-over of the I-V characteristics by 
limiting the current at high forward bias as 
follows: At low voltage, the current is much 
smaller than the saturation current of the contact 
diode. Therefore, there is no voltage drop over 
the contact and the applied voltage entirely drops 
over the CdTe/CdS junction. The measured 
capacitance in this region equals the junction 
capacitance Cj. At high voltage however, the 
current is limited to the saturation current of the 
contact diode. The junction voltage remains 
constant, and all additional applied voltage drops 
over the contact diode. The measured 
capacitance is then the contact capacitance Cc. 
The former increase with voltage whereas the 
later decreases. At intermediate voltages, the 
applied voltage is divided between the 
CdTe/CdS junction and the contact, and the 
measured capacitance is the series connection of 
the junction and the contact capacitance 13. We 
have applied the classical 1/C2-V analysis at 
negative bias voltage to determine the acceptor 
density and the built-in potential, which is 
characterized by the well-known Mott-Schottky 
relation 14 

2 (V-V -kT/e)1 fb = 2 2C å åeNAo
   (4) 

where C is the capacitance of the space charge 
layer, V the applied potential, A the surface area 
and N the acceptor density. It is also worthful to 
mention here that the slope of the 1/C2-V plot at 
low bias is determined by the CdTe doping 
profile in the vicinity of the CdTe/CdS junction 
whereas at high bias doping profile near the 
metal/CdTe junction is probed. From the plot of 
1/C2-V as shown in fig.5 the acceptor density in 
the CdTe layer near the junction (NAj) and in the 
vicinity of back contact (NAc) was estimated to 
be about 9.5x1014 and 1.8x1015 cm-3, 
respectively. The application of this analysis to 
the lower applied voltage region results in a very 
low value of Vbi = 0.47 eV. A possible 
explanation for the apparent Vbi is the 
assumption that the effective doping density 
increases towards the junction 15. But a value of 
Vbi =1.18 eV was estimated at higher applied 
voltage. This value is in good agreement with the 
actual built-in voltage at the CdTe/CdS junction. 
The depletion layer width (W) is calculated using 
standard relation and is to be about 0.74 ì m. A 
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density of traps has been estimated to be about 
9.5x1014 cm-3. 
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Fig.4. Variation of capacitance with the applied 
reverse potential for various frequencies. 
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CONCLUSION 
 
 The electrical transport and interface 
properties of CdTe/CdS heterojunction were 
investigated. The temperature dependent 
behaviour of the parameters indicates thermally 
assisted tunneling of holes from CdTe into 
interface states followed by interface 
recombination as the dominant conduction 
mechanism prevailed in the junction. The 
interface parameters are calculated from the C-V 
measurements. The frequency dispersion of 
capacitance suggests the presence of a 
continuous distribution of defect states, leading 
to a progressive decrease of the response of the 
defect states to the applied ac voltage. A density 
of traps has been estimated to be about 9.5x1014 
cm-3. 
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Abstract   

CdTe films were deposited by vacuum evaporation onto glass substrates under a pressure of 10-6 

torr. The thickness of the films are analyzed by quartz crystal oscillation monitor and verified by MBI 
(Multiple Beam Interferometry) technique. The CdTe films were annealed in air at various temperatures in 
order to investigate the influence of post-deposition heat treatment on the film structure.  The various 
structural parameters, such as grain size, dislocation density, strain and lattice constant were investigated 
using XRD. The results show that the strain, dislocation density, grain growth and the recrystallization of 
CdTe depend on post annealing. XRD studies reveal that the peak intensity increases initially with 
temperature (< 200�C) and decreases further at higher temperatures (>200�C). The recrystallization process 
during annealing in these films has two stages, in the beginning; the recrystallization is dominated by 
random orientation of the grains followed by a second process in which once again the crystallites tend to 
orient in a particular direction. The as deposited film is under compressive stress and annealing at higher 
temperatures the compressive stress increases and further it changes to tensile stress. The Microstructural 
parameters of CdTe thin films and their dependence on thickness and temperatures are elaborately 
discussed in the paper. 

 

1. Introduction  
The electrical characteristics of thin 

film CdTe heterojunctions are affected by the 
microstructure at the interface and at the grain 
boundaries in the CdTe film. The structural 
discontinuities at the interface and shunting 
effects of grain boundaries leads to excess 
junction current resulting in low photovoltages 
and fill factors. The efficiency of the as-
deposited CdTe/CdS solar cells varies strongly 
with the deposition technique of CdTe due to 
differences in the microstructure of the CdTe 
thin films. Variety of preparation technique has 
been employed for CdTe fabrication in the past 
such as vacuum deposition [1,2], electro 
deposition [3,4], molecular beam epitaxy [5,6], 
metal – organic chemical vapour deposition 
[7,8], closed-space sublimation [9,10] and 
screen-printing [11,12]. From these, the high 
temperature techniques, such as close spaced 
sublimation and direct combination of elemental 
vapors, shows the best microstructure, and as-
deposited solar cells of 1 cm2 area have 
efficiencies of up to 11%. However, CdTe films 
deposited by other techniques such as vacuum 
deposition, electro deposition, MOCVD, etc., 
have inferior microstructure, and as deposited 
solar cells are characterized by efficiencies of 
less than 3%. Heating in an oxygen-containing 
atmosphere results in the oxidation of CdTe 
along grain boundaries, and this oxide film 

serves to passivate the grain boundaries to some 
extent.  

The effects of the post annealing 
treatment directly affect the crystal structure and 
morphology of the CdTe films are to promote 
recrystallization and grain growth and to reduce 
stress. This article brings out the results of film 
growth dependence on microstructural properties 
of CdTe thin films.  
 

2. Experimental procedure 
CdTe thin films of different thickness 

were deposited onto well-cleaned glass 
substrates by vacuum evaporation under a 
pressure of 6x10-6 mbar. The thickness of the 
films are analyzed by quartz crystal oscillation 
monitor and cross-verified by MBI (Multiple 
Beam Interferometry) technique. The CdTe thin 
films were annealed at different temperatures 
(100°C-400°C) and the structure of the films 
analyzed by X-ray diffractometer (JEOL-Japan, 
JDX8030 model).  

 

3. Results and Discussion 
X-ray diffractograms of the CdTe films of 

various thicknesses (3000Å -10000Å) for as 
deposited and annealed at 400ºC are shown in the 
figure 1. XRD pattern exhibits polycrystalline 
nature; the major diffraction peaks are indexed in 
comparison with the standard data from JCPDS-
ICDD (75-2086) tables.  
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Figure 1. X-ray spectrum of CdTe thin films of 
various thicknesses for a) as grown b) annealed 
at 400�C  
           From figure1a the films deposited at 
different thicknesses show the strongest peak at 
2è = 24�, suggesting that the crystal structure of 
CdTe films is zinc blende with a preferential 
orientation of the cubic (111) plane. The (111) 
direction is the close packing direction of the 
zinc blende structure and this type of textured 
growth has often been observed in 
polycrystalline CdTe films grown on amorphous 
substrates [14,15].  The intensity of the 
predominant peak increases with increase in film 
thickness, indicating that the degree of 
preferential orientation towards these directions 
increases. The diffraction patterns shows the 
growth of films is of preferred orientation i.e. 
columnar growth perpendicular to substrate as 
indicated by low intensity peaks. But the 
increase of peak intensity is limited up to 7500Å 
of thickness only. The predominant peak 
intensity decreases further with increase in film 
thickness i.e. 10000Å.  When thickness increases 
the intensity and the average grain size also 
increases (figure1) and for the films with higher 
thickness the decrease of grain size may be 
attributed to the formation of new smaller grains 
on the larger grains [16]. As the film thickness 
increases, the diffracted intensity increases due 
to the growth of the materials incorporated in the 

diffraction process [17]. However, in all cases the 
intensities of the other peaks were extremely low in 
comparison with the (111) one. This indicates a 
preferential orientation of the micro crystallites 
with the (111) direction perpendicular to the 
substrate [18-20]. The figure 1b illustrates the 
XRD pattern of CdTe thin films annealed at 400�C 
for different thicknesses. The effect of annealing is 
reflected on the integrated intensity and peak width 
of the (111) orientation. It is observed that the 
effect of annealing, in general, is to increase the 
intensity and decrease the width. The increase in 
intensity does not seem to be due to the increase of 
Te content i.e., higher–off stoichiometry. Such an 
increase in the intensity and decrease of the width 
are attributed due to the improvement in the 
crystallization.  
 

3.2. Microstructural Parameters 
From Table 1 it is observed that the crystallite size 
increases while the microstrain decreases as a 
result of annealing. Thus, the three processes of 
heat treatment (recovery, recrystallization and 
grain growth) take place.  This improvement in 
orientation is a result of the sufficient amount of 
energy acquired by the atoms on annealing which 
enable them to arrange themselves to the optimum 
orientation, that is the (111) plane [21]. Figure 2 
shows the variation of FWHM with film thickness. 
The full width at half maximum (FWHM) was 
found to decrease markedly with film thickness. 
Such a decrease reflects the decrease in the 
concentration of lattice imperfections due to the 
decrease in the internal micro strain within the 
films and an increase in the crystallite size [17]. 
The size of the grains does not increase. Since the 
dislocation density and strain are the manifestation 
of dislocation network in the films, the decrease in 
the strain and dislocation density indicates the 
formation of higher quality films. The stress is also 
developed in the film due to the lattice misfit. The 
average stresses of the deposited films are found to 
be compressional in nature. The compressive stress 
is due to the grain boundary effect, which is 
predominant in polycrystalline film [22]. Native 
imperfections probably migrate parallel to the film 
substrate with their surface mobility modified by 
the annealing temperatures. Show that the films 
have a tendency to expand and there by develop an 
internal compressive stress. All the evaporated 
CdTe films found to be dominated by internal 
stress rather than thermal stress. 
4. Conclusion 
          The microstructural properties of the CdTe 
thin films have influenced the growth of thin film 
and on the structural parameters. 
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Table.1 Calculated microstructural parameters of 
the CdTe thin films.  
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Figure 2. FWHM for different thickness of CdTe 
films. 
The effects of the post annealing treatment on 
the structural properties of the CdTe films are to 
promote recrystallization and grain growth and 
to reduce stress. Post-annealing was found to 
increase the integrated intensity, the crystallite 
size and the degree of preferred orientation. On 
the other hand, it resulted in a decrease of 
FWHM and microstrain.  
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Abstract 

CdS thin films have been grown using modified chemical bath deposition 

(MCBD). The condition for the formation of good quality films such as concentration, 

pH of anionic and cationic precursor solutions, immersion and rinsing times and 

immersion cycles were optimized.  The deposited films have been annealed at 3000C for 

1h in air and characterized by EDAX, AFM and XRD. EDAX analysis revealed that film 

has same elemental composition as initial taken in solution.  The surface roughness rm = 

3.16 nm of the film was examined by AFM. The effect of swift heavy ion irradiation on 

the structural and optical properties of thin films has been investigated in an Ag and Au 

ion irradiations with doses 5 x 1012 ions/cm2.  XRD studies show the as-deposited film 

has cubic structure and it turns to hexagonal after annealing, Au and Ag ion irradiations. 

The estimated optical bandgap energies for as deposited, annealed, Au and Ag ion 

irradiated CdS thin films are 2.45 eV, 2.38 eV, 2.21 eV and 2.11 eV respectively 

 

Keywords: Thin Films, Ion Irradiation, Chemical Bath Deposition, AFM, EDAX, X-ray  

                   Diffraction, optical band gap. 

 

••  Corresponding author: E-mail address -ramphalsharma@yahoo.com 

 

 

 

 



 

1. Introduction:  

Cadmium sulfied (CdS) thin films have been employed in solar cells [1,2], 

electrochemical cell [3], gas sensor [4], photosensor [5], thin films were prepared using 

various chemical deposition methods including elelctrodeposition [6], chemical bath 

deposition [7,8], spray pyrolysis [9], solution growth [5], screen printing [10] and SILAR 

[11]. The new trends of investigations are produced the defects by high-energy radiations 

in semiconductors have becomes an important area of research and development in view 

of opto-electronic devices. The major advantage of high-energy irradiation is precise 

control over the spatial distribution of defects. The few reports are available on the 

influence of high-energy ion irradiation on II-VI compound semiconductors like CdS, 

CdSe, and CdTe etc. [12-14].  Exposure to the light and other radiation that excites 

electron hole pair produced structural changes in nearly all chalcogenide glasses and 

amorphous films.  These results change in the physical and chemical properties such as 

structural and optical properties of material [15].  

Recently, deposition of CdS thin film was carried out by MCBD methods [18].  In 

this method, glass substrates are immersed in solution containing metallic ions and then 

into solution containing chalcogen ions. Repetition of such immersion in metallic ions 

and chalcogen ions results into film formation on the substrate.  Preparative conditions 

such as concentration, immersion cycles, immersion time, rinsing time and temperature 

are optimized to get good quality and well adherent CdS thin films onto glass substrates. 

The present paper is described new results on changes of structural and optical 

properties of MBCD CdS thin films by swift ion irradiation. 

 

2. Experimental: 

The modified chemical bath deposition (MCBD) is mainly based on immersion of 

substrate into separate cation and anion precursor solution and rinsing between every 

immersion with ion exchange water to avoid homogenous precipitation. The CdS thin 

films were deposited by MCBD onto precleaned glass substrates.  The process involved 

following procedure.  The Cd2+ ions in solution were released from the cadmium acetate 

[(CH3COO)2Cd2H2O] with 0.06 M concentration of solution [pH ~ 11] i.e. cationic 



precursor.  The S2- ions have been released from the sodium sulfied (Na2S.H2O) solution 

having 0.1M concentration (pH ~ 11). CdS films were deposited by surface adsorption 

and chemical reaction at room temperature by immersing the substrates in the above 

cationic and anionic precursors.  The substrates were rinsed in deionised water for 40 sec 

to remove loosely bound or excess ions after each immersion. 

Film thickness of thin film was determined by weight difference method using 

sensitive microbalance and assumptions was made that the density of film is equal to that 

of the bulk material of CdS (4.8g/cm3).  As deposited film was annealed at 3000C for 1h, 

in air. The chemical compositions of annealed films have been confirmed by EDAX and 

surface morphology by SEM (Oxford Instrument analytical Limited 2000). The AFM 

unit (Vecco digital instrument, NSC, New Delhi, India) was used to study surface 

roughness of the films. The annealed CdS thin film of about 1cm2 area was then exposed 

to swift heavy ion radiation using 15 UD Pelletron, NSC, New Delhi, India. CdS thin 

films were irradiated with 100 MeV,     197 Au 8+ and 107 Ag8+ ions (5 x 1012 ions/cm2). 

The crystal structure of unirradiated (as-deposited and air annealed) and irradiated 

films was determined with Bruker AXS Germany, (Model D8 Advance, NSC, New 

Delhi, India) X-ray diffractometer with CuKá target. The optical absorption spectra were 

recorded on UV-VIS spectrophotometer (Systronic-117) within wavelength range 350-

1000nm. 

 

 

3. Results and discussion: 

3.1 Optimization of preparative parameters: 

 

Fig.1a shows plot of film thickness against concentration of cadmium acetate.  The 

CdS film formation starts from concentration of 0.02 M of cadmium acetate, when ionic 

product exceeds than the solubility product and reaches maximum film thickness value at 

concentration 0.06M after which film thickness goes on decreasing which may be due to 

formation of outer porous layer as discussed by Desai and Lokhande [19]. 

Fig.1b shows the variation of film thickness with number of immersion cycles for 

optimized concentration of cadmium acetate (0.06) and sodium sulfied (0.1M).  The film 



has maximum terminal thickness at 30 immersion cycles afterwards; the film thickness 

decreases due to peeling off the outer powdery layer.  The nominal growth rate was 

calculated upto maximum terminal thickness only and was found to be 4.67 nm cycles-1. 

Fig.1c shows CdS film thickness variation with immersion time for optimized 

concentration and number of immersion cycles.  From these graphs it was concluded that 

films with maximum terminal thickness of 0.14 ìm could be deposited with MCBD 

method. [Table 1.0] 

 

3.2 Compositional and Structural Analysis 

The quantitative analyses by EDAX were performed for CdS thin films. The average 

atomic percentage of CdS was 55: 45, which is same as initial composition taken in 

solution. Fig. 2 shows typical EDAX pattern for CdS thin films onto glass substrate 

annealed at 3000C for 1h. The surface morphology of annealed films was shown in SEM 

(fig.3). It can be seen that from the figure films have uniform grain distribution with grain 

size 150nm. Also the surface morphology of the film was examined by atomic force 

microscopy.  Fig.4 shows AFM of CdS thin film annealed at 3000C for 1h in air.  The 

films are found to be 3.16 nm roughness with uniform surface distribution throughout the 

substrate. 

The XRD pattern of CdS thin films onto glass substrates for as-deposited, annealed in 

air at 3000C for 1h, Au and Ag ion irradiation are shown in fig.5. The XRD pattern 

indicated that the as-deposited films have cubic structure while annealed, Au and Ag 

irradiated films have hexagonal structure.  Peak intensity at 2è = 26.50 increases in Au 

and Ag ion irradiated films due to the strong crystalline phase formation and the width of 

the peak is slightly increased for influence of 5 x 1012 ion/cm2 Au and Ag ion irradiated 

CdS thin films. This might be attributed to the lattice damaged caused during ion 

irradiation [20]. 

Table 2 shows comparison of observed and standard ‘d’ values with JCPDS data.  

There was good agreement between observed and standard ‘d’ values [21]. It may be 

indicated the deposited film is CdS material. The lattice parameters calculated using 

relation. 

 



 

dhkl =     for cubic   -----------------------(1) 

 

  1  4 h2 + k2 + l2        l2  

d2
hkl 3       a2       c2 

 

calculated values for as deposited films are a, b and c  = 5.79, for annealed and irradiated 

films are a and b = 4.18, c = 6.70, these are well agreement with the values for cubic and 

hexagonal structures of CdS material. 

 

 

3.3 Optical absorption studies: 

Optical absorption spectra of the as deposited, annealed, Au and Ag irradiated CdS 

thin films deposited on glass substrates were recorded in the wavelength range 350-1000 

nm room temperature. Fig. 6 shows the plot of absorption against wavelength for CdS 

thin films.  The spectrum showed clearly that the absorption edge shifts towards the 

lower energy side for CdS films. 

The variation of (áhí)2 versus hí for CdS thin films are shown in fig.7. The straight-

line portion indicates that the transition involved is direct one.  The bandgap energies 

determined by extrapolating the straight-line portion to the energy axis i.e. Eg equal to 

2.45 eV, 2.38 eV, 2.29 eV and 2.11 eV for as deposited, annealed and Au, Ag irradiated 

CdS thin films respectively, band gap energy decrease in the irradiation doses.  In 

chalcogenide that ion pair orbital forms the valence band, where as conduction band is 

formed by the antibonding orbital. The high-energy heavy ions excite, the electrons from 

the lone pair and bonding sates to higher energy states.  Vacancies created in these states 

are immediately filled by the outer electrons with Auger processes that in turn induce 

more holes in the lone pair and bonding orbital leading to a vacancy cascade process. In 

this process bond breaking or ionization of atoms is easier to occur which leads to a 

change in the local structure of the amorphous network causing a decrease in optical band 

gap [22]. 

 

a 

h2 + k2 + l2 

+    for Hexagonal ------(2) 



4   Conclusion: 

CdS thin films can be successfully deposited by MCBD technique.  EDAX, SEM and 

AFM of annealed thin film revealed that the films have uniformity in elemental 

composition and low roughness surface morphology. XRD pattern revealed the as 

deposited CdS thin films have cubic structure, which turns to hexagonal in annealed and 

ion irradiated films with a reduction in the optical band gap. 
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Table 1. Preparative parameters for the deposition of CdS thin films 
 

Precursors 
Cationic Anionic 

Cadmium acetate Sodium sulfied 

 
 

Parameters 
(CH3COO)2 Cd2H2O Na2SH2O 

Concentration (M) 0.06 0.1 
PH ~ 11 11 

Immersion cycles 30 30 
Immersion time (sec) 15 15 

Rinsing time (sec) 40 40 
Deposition temp. (0C) 27 27 

 

Table 2.Comparison of the observed ‘d’ value of CdS thin film with JCPDS data  
card file no. 41-1049 and 42-1411. 

 
Sample Observed 

‘d’ 
Values Å 

Standard ‘d’ 
values Å 

Plane 
(hkl) 

3.3476 3.3590 111 
2.0607 2.057 220 

 
As deposited 

1.7446 1.7542 331 
3.6230 3.5861 100 
3.3505 3.3599 002 
2.4725 2.4519 102 

 
 

Annealed at 3000C 
for 1h 2.0922 2.0705 110 

1.8076 1.7931 200 
1.7651 1.7627 112 
1.7386 1.7325 201 
3.3641 3.5861 100 
3.3438 3.3599 002 
2.0892 2.0705 110 
1.9054 1.8998 103 
1.7850 1.7931 200 

 
 

Au ion irradiated 

1.6709 1.6799 004 
3.3479 3.3599 002 
2.4564 2.4519 102 
2.0649 2.0705 110 
1.8942 1.8998 103 
1.7569 1.7627 112 
1.6766 1.6799 004 

 
 
 

Ag ion irradiated 

1.5849 1.5819 202 
 

 
 



 

 

 

Caption 

Fig. 1a. Plot of CdS thin film thickness as a function of concentration of cadmium  

 acetate. 

Fig. 1b. Plot of variation of CdS thin film thickness with immersion cycles. 

Fig. 1c. Plot of CdS thin film thickness as a function of immersion time (sec) 

Fig. 2.  A typical EDAX pattern of CdS thin film onto glass substrate annealed at 3000C  

for 1h  

Fig. 3. SEM of CdS thin film annealed at 3000C for 1h  in air. 

Fig.4. AFM of CdS thin film annealed at 3000C for 1h. 

Fig. 5. XRD patterns of CdS onto glass substrates 

Fig. 6. Plot of absorption Vs wavelength for CdS thin film. 

Fig. 7. Plot of (áhí)2 Vs hí for CdS thin film (derived from fig.5) 
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Fig.1c

0.06

0.08

0.1

0.12

0.14

0.16

0 5 10 15 20 25 30

Immersion time (sec)

T
hi

ck
ne

ss
( µ

 m
)

 
 
 
 
 
 



 
 
 
 
 
 
 

 
 
 

 

Fig.2 

 
 
 
 



 
 
                                        Fig.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

  Fig.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                       Fig. 4 
 
 



 
 
 
 
 
 
 
 
 
 
 
 



 
fig. 6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
fig. 7 

 
 
 
 

 

 

 

 

 

 

 

 

 

 



FABRICATION OF n-SI/P-CuIn (S1-XSeX)2 THIN FILM SOLAR CELL BY BY 
SOLUTION GROWTH TECHNIQUE. 

S.D.Chavhan, R.R.Ahirea and R.P.Sharma* 
Thin Film and Semiconductor Laboratory 

Department of Physics, G.T.Patil College, Nandurbar-425412. 
a On leave under FIP. UGC Xth plan, S.G.Patil College Sakri-424304 India 

Email: ramphalsharma@yahoo.com 
ABSTRACT 
The p-CuIn(S1-xSex)2 (CISS) thin films have been grown on n-Si substrate by solution growth technique. The deposition 
parameters such as pH (10.5), deposition time (60min), deposition temperature (500C), and concentration of bath solution 
(0.1M) were optimized. Elemental analysis of the p-CuIn(S1-xSex)2 thin film was confirmed by energy dispersive analysis of 
x-ray (EDAX). The SEM study of absorber layer shows the uniform morphology of film as well as the continuous smooth 
deposition onto the n-Si substrates and the grain size is 130 nm. CuIn(S1-xSex )2 (x = 0.5) reveals  (112) orientation peak and 
exhibit the chalcopyrite structure with lattice constant a = 5.28Å and c = 11.45 Å. The J-V characteristics was measured in 
dark and light. The device parameters have been calculated for solar cell fabrication, Voc = 411.09 mV, Jsc = 14.55 mA/cm2. 
FF = 46.55 % and η = 4.64% under an illumination of 60 mW/cm2. The J-V characteristics of the device under dark 
condition were also studied and calculated the ideality factor, which is equal to 2.2 for n-Si/p-CuIn(S0.5Se0.5)2 heterojunction 
thin film. 
 
1. INTRODUCTION 
The PV technology is one of most important for harness 
the solar energy.  The device fabricated for solar cell are 
a-Si, crystalline silicon, CdTe, CdSe, Cu(InGa)Se2, 
CuInSe2, CuInS2 compounds.  The elemental silicon has 
been used for several years in space applications and 
appears to be the most practical material for terrestrial 
use.  The highest solar conversion efficiencies have been 
observed in cells using gallium aresenide, which may be 
considered as the second most favored material. 
However, the high efficiency cells of both a-Si and GaAs 
are in the form of single crystal material, which is 
relatively expensive to prepare. Economics dictate the 
use of a minimum amount of semiconductor material 
with low cost preparational techniques. This means the 
cells should be of thin film form, with the material in a 
polycrystalline or amorphous state.  There is much 
interest, in amorphous Si; but stability problem remains 
with this material.  Nevertheless, in the last decade, a 
relatively new material has emerged with promising 
characteristics.  These are the ternary chalcopyrite 
compounds such as CuInSe2 and its quaternary alloy 
Cu(InGa)Se2, CuIn(S1-xSex)2 , etc. These include p-n 
junction PV detectors [1,2], light emitting diode [2,3] and 
solar cells [4-5]. It has a direct band gap of 1.04 eV and 
falls in the optimum range for terrestrial PV applications 
[3,4]. Owing to its high absorption coefficient order of 
104 cm-1 it requires at the most a few microns of material 
thickness to make devices. Besides, inexpensive thin film 
deposition techniques can be used in the fabrication. 
CuInSe2, when paired with CdS, has a lattice structure 
with a lattice mismatch of 1.16% and electron affinity 
difference is 0.1 eV [2,6,7]. Polycrystalline thin film 
solar cells based on p-CuInSe2 and its alloy with n-CdS 
heterojunction have emerged as major contenders for PV 
device technology.  Though widely used CdS with a band 
gap of 2.4 eV is not the ideal material since it absorbs the 
blue portion of the spectrum and the lattice mismatch at 
the junction. Development of single crystal silicon and 

CdZnS the films over coated with window materials like 
ZnO (3.3eV), ZnS and SnO2 are considered more useful 
and it is an important for R & D work area. 
Varieties of fabrication techniques have been employed 
to improve upon this basic structure reported by earlier 
workers [8-21]. These include single source evaporation, 
sputtering, electrodeposition, chemical vapour 
deposition, screen-printing, spray pyrolysis, laser induced 
synthesis.  The status of the technology in each of the 
above reported cases may be judged by the best reported 
active area solar conversion efficiencies in single 
junction cells based on CuInSe2 films [19].  
In the Cu-In- S-Se chalcopyrite system, CuInSe2 
<==>CuInS2 can be developed to yield band gaps from 
1.0 to 1.48 eV. New trends to fabricate the n-Si /p-
CuIn(S1-xSex)2 heterojunction thin film solar is a recent 
research and development area for higher efficiency solar 
cell by chemical deposition technique. However, all the 
thin film deposition techniques used for the fabrication of 
high efficiency CIS or its compounds cells are costly and 
require sophisticated instruments. In some deposition 
techniques, H2Se and H2S vapors are used as the source 
materials for Selenium and Sulphur, which are more 
poisonous gases. Many authors have been prepared the 
heterojunction thin films by different sophisticated 
methods such as sulphurization, selenization process 
[22], spray pyrolysis [23] and elelctrodeposition [24] but 
there is rare information in the literature of the solution 
growth technique for the deposition of quaternary thin 
films and also for the fabrication of the heterojunction of 
thin films [25]. Among all the deposition technique, the 
solution growth technique is the simplest, capable of 
large area fabrication technique at low cost [25]. In this 
technique, wastage of material is minimum and there is 
no need to handle the poisonous gases like H2Se and 
H2S. 
In the present paper, we have reported the development 
of solution growth technique to deposit the quaternary p- 
CuIn(S1-xSex)2 thin films on n-Si substrate and 



characterized through structural and electrical properties 
for solar cell fabrication . 
 
2. EXPERIMENTAL DETAILS 
The polycrystalline stoichiometric and non-
stoichiometric p-CuIn(S1-xSex)2  films have been prepared 
by solution growth technique. The detail process has 
been reported in the previous work [26,27]. Using the 
same technique desired composition of thin films of 
CuIn(S1-xSex)2 on Si substrate have been obtained for 
device fabrication. The thickness (0.1µm) of the film was 
measured by ellipsometery (100D.U.S.A.). EDAX and 
SEM carried out the composition and surface 
morphology studies respectively. The lattice parameters 
and structures of the material were determined by XRD 
pattern. The J-V characteristics were carried out by 
Lab.Equip  (Model – 2002).  
The single crystal silicon (n-Si) wafer was thoroughly 
degreased and boiled in (H2O+H2SO4) solution for 30 
minutes, followed by a deionized water rinse and dilute 
hydrofluoric acid treatment for only 10 to 15 seconds. 
The wafer was then rinsed for about 5 minutes in running 
hot deionzed water and dried. It was then ion – cleaned in 
the vacuum chamber to remove the natural oxide 
impurities. The obtained devices were annealed in a 
vacuum tight chamber (10-4 torr) for 5 minutes. Ohmic 
contacts were obtained were by evaporating indium on 
both sides. The entire heterojunction wafer with good 
ohmic contacts was cut into small chips. All 
heterojunction chips so obtained were tested on a curve 
tracer and good ones were selected for detailed J-V 
measurements in dark and light, to observe the 
breakdown and open circuit voltage respectively.    
 
3. RESULTS AND DISCUSSION 
3.1 Structural and optical properties 
The structural and optical properties of CuIn(S1-xSex)2 
have been studied with composition ‘x’ values.  The 
composition x = 0.5 has the optimum structural and 
optical parameters for solar cell application [15,16]. The 
compositional study was carried out by Energy 
Dispersive Analysis of x-ray technique (EDAX) 
(Fig.1.0).  

 
 
Figure 1.0: EDAX of CuIn(S0.5Se0.5)2 thin film 
 
The composition of the material in the film deviated 
within 1% of the composition in bath. The XRD study 
show that CuIn(S1-xSex)2 film is polycrystalline with 

chalcopyrite structure and (112) orientation on n-Si 
substrates (fig.2.0). The lattice constants ‘a’ and ‘c’ were 
calculated from XRD data, which are equal to 5.28Å and 
11.45 Å respectively.  
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Figure 2.0: XRD of n-Si/p-CuIn(S0.5Se0.5)2 device 

 
The SEM micrograph revealed the uniform deposition of 
the film on to n-Si substrate and having the grain size 
equal to 130nm (fig.3.0).  

 
 
Figure 3.0: SEM of CuIn(S0.5Se0.5)2 thin film 
 
3.2 Solar Cell performance 
Fig. 4.0 shows the J-V graph of n-Si/p-CuIn(S1-xSex)2  
thin films under illumination of 60mW on a cell of active 
area of 1cm2. The device parameters estimated for the 
best cell are Voc = 411.09 mV and Jsc = 14.55 mA/cm2, 
FF = 46.55% and efficiency η = 4.64%.  
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Figure 4.0: Illuminated J-V characteristics of n-Si/p-
CuIn(S0.5Se0.5)2  thin film solar cell under an illumination of 
60mW/cm2 on a cell active area of 1cm2 

 



The important factor, which causes a reduction in both 
Voc and Jsc is the high series and low shunt resistance. 
The shunt resistance is small perhaps due to the 
recombination along grains and the defects, which are in 
large numbers in solution grown films. The low values of 
Voc and Jsc thus result in low efficiency of the cell. The J-
V characteristic under dark condition is shown in fig.5.0; 
from this figure, the calculated diode ideality is equal to 
2.2.  
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Figure 5.0: Dark J-V characteristics of n-Si/p-CuIn(S0.5Se0.5)2 
thin film solar cell. 
 
This value is high because of low efficiency of solar cell, 
which shows the high reverse saturation current [27]. 
This rather high reverse current indicates a high rate 
recombination in the active region.   
 
4. CONCLUSIONS 
The chemically deposited n-Si/p-CuIn(S0.5 Se0.5)2 
heterojunction thin film have immense potential in 
developing terrestrial photovoltaic system by solution 
growth technique. The low efficiency (4.64%) of the 
device solar cell may be attributed due to the high series 
resistance. An attempt to reduce the series resistance of 
the junction by annealing in different ambient and post 
deposition heat treatment without introducing shorting 
paths so as to increase the Jsc are in progress. 
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Abstract:   
 
Spray pyrolysis is one of the most convenient, economical, inexpensive and simple 

methods for depositing large area semiconducting thin films. Semiconducting CdIn2S4 

thin films have been deposited onto the amorphous and FTO coated glass substrates by 

varying solution concentrations from 0.025M, at the interval of 0.025 to 0.1M. The 

optimized solution concentration has found to be 0.05 M. The films have been 

characterized by means of X- diffraction, photoelectrochemical (PEC), optical 

absorption, electrical resistivity and thermoelectric power (TEP) measurement 

techniques. XRD reveals that the films are cubic.  PEC characterization shows that both 

short circuit current (Isc) and open circuit voltage (Voc) are at their optimum values at the 

optimized solution concentration of 0.05M and substrate temperature of 350oC. EDAX 

studies show that the material formed at optimized preparative parameters is almost 

stoichiometric. Optical absorption study reveals that CdIn2S4 is indirect band gap material 

having band gap energy equal to 2.22 eV, matching with single crystal value. 

Semiconducting nature of the films is observed from the two-probe resistivity 

measurement. From TEP measurement, the material has been found to exhibit n- type 

conductivity. 

 
 
Key words: Spray pyrolysis, CdIn2S4 thin films, XRD, EDAX, optical and electrical 
properties. 
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1. Introduction 

 

 Cadmium Indium Sulphide (CdIn2S4) is the semiconducting ternary chalcogenide 

of the type AIIBIIIX4 where A = Cd, Zn or Hg, B = Ga or In and X = S, Se or Te. The 

interest in ternary chalcogenides has been increased in the last decade due to their 

interesting tailored properties and their potential application in various fields of science 

and technology [1 - 7]. CdIn2S4   is photoactive semiconducting compound having spinel 

cubic structure of the type AIIBIIIX4 that has received very little attention as a prospective 

material for photoelectrochemical solar cells [8]. The materials in thin films form can be 

obtained vacuum evaporation [9]. The growth and the structural, optical and 

photoelectronic properties of vacuum deposited CdIn2S4 are reported. It is possible to 

deposit CdIn2S4 thin films by spray pyrolysis technique [5] and found to be photoactive 

when used in PEC cell. The optical absorption, photoelectric properties, 

photoluminescence study, Raman scattering of CdIn2S4 thin films have been reported by 

several authors [10 - 14]. 

 The attempts have been made to prepare CdIn2S4 thin films by simple and low 

cost chemical spray pyrolysis technique. The advantage of technique is that just by 

varying the concentration of precursors and substrate temperature it is possible to control 

stoichiometry of the deposits. The present study deals with effect of solution 

concentration on the properties of spray deposited CdIn2S4 thin films. The films have 

been characterized by X-ray diffraction, PEC, EDAX, optical absorption, and electrical 

techniques and the results have been discussed. 

 

2. Experimental : 

 

 The deposition was carried out onto commercially available glass substrates of the 

size (7.5 x 2.5 x 0.1) cm3. The A.R. grade chemicals used were cadmium chloride 

(CdCl2), Indium trichloride (InCl3) and thiourea CS (NH2)2. The films were prepared by 

taking equimolar solutions of (CdCl2), (InCl3) and CS (NH2)2 in appropriate volumes in 

order to attain Cd:In:S ratio as 1:2:4 respectively. In order to find optimized condition for 

deposition of CdIn2S4 thin films, the depositions were carried out by varying one of the 
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parameters; solution concentration and keeping the others at fixed value. The spray rate 

was kept constant at 3 cm3/min. for each deposition. Air was used to atomize the spray. 

The deposited films were bright yellow in colour. It has been found that the films 

prepared at the solution concentration of 0.05 M and optimized substrate temperature of 

350 oC resulted into good quality in terms of uniformity, adherence and crystallinity. The 

thickness of the films was measured by weight difference method assuming the films are 

uniform and dense as that of a bulk. The structural characterization of the films were 

carried out by analyzing the XRD patterns obtained using a Phillips PW 1710 X - ray 

diffractometer with Cr-Kα radiation. The PEC cell was fabricated by using CdIn2S4 thin 

films deposited on to the FTO coated glass substrates as active photoelectrode, 

polysulphide (1M NaOH + 1M Na2S + 1M S) solution as an electrolyte and graphite as 

counter electrode. The distance between photoelectrode and counter electrode was kept at 

0.5 cm. The cell was illuminated by 500W tungsten filament lamp. The water lens was 

interposed between the lamp and the cell to avoid direct heating of the cell. The 

compositional analysis of the film was studied by the EDAX technique. The optical band 

gap was estimated by measuring optical absorption in the wavelength range 350 - 850 nm 

by using UV-VIS-NIR spectrophotometer Hitachi model 330. Electrical properties 

(resistivity and TEP) of CdIn2S4 thin films were studied by two-probe method in solution 

concentration range 0.025 to 0.1M.  

 

3. Results and Discussion: 

 

 In spray pyrolysis technique, the starting materials required to form the desired 

compound are taken in the form of solutions, which are then mixed and sprayed onto 

preheated substrates resulting in thin films on the surface of substrates. When the droplets 

of the sprayed solution reach the hot substrate, owing to pyrolytic decomposition of the 

solution, well adherent and good quality films of CdIn2S4 are formed on the substrate. 
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3.1 Thickness variation: 

 

 Thickness of the films deposited at various solution concentrations was measured 

by gravimetric method and its variation with solution concentration is shown in Fig.1. 

From the graph, it is seen that the thickness increases with increase in concentration 

attains maximum value at 0.025M and then decreases for further increase in solution 

concentration. At lower concentrations (<0.025M), the concentration may not be 

sufficient to decompose the sprayed droplets from the solution and therefore the deposit 

results in to a low thickness. At solution concentration 0.025M, the deposition occurs at 

optimum rate resulting in terminal thickness of 1.3 µm. At higher solution concentrations 

(>0.025M), film thickness decreases due to higher evaporation rate of the initial 

ingredients [15]. 

 

3.2 X-ray diffraction (XRD) studies: 

 

The as grown films were characterized by XRD technique with Cr-Kα radiations. The 

XRD patterns obtained for the films grown on amorphous glass plates were studied in 2θ 

range 10 –100o. The XRD patterns are shown in Fig. 2 reveals that the material deposited 

is polycrystalline. A matching of the observed and the standard 'd' values confirms that 

the deposited films are of CdIn2S4 having spinel cubic structure [16]. The comparison of 

observed and standard 'd' values for CdIn2S4 thin film deposited at optimized solution 

concentration of 0.025M is tabulated in Table 1. 

 

3.3 Photoelectrochemical (PEC) studies: 

 

 PEC cells formed with CdIn2S4 thin films prepared at various substrate 

temperatures, having configuration of CdIn2S4 / (1M NaOH + 1M Na2S + 1M S)/ C are 

studied. After illumination of the junction, the magnitude of the open circuit voltage (Voc) 

increases with the negative polarity towards the CdIn2S4  photoelectrode; which indicates 

that CdIn2S4 thin films are  of n- type [17]. It is seen that the short circuit current (Isc) and 

open circuit voltage (Voc) are function of solution concentration as shown in Fig. 3 and 
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Fig. 4. It can be seen that Isc and Voc increases with increase in solution concentration, 

attains the maximum value at 0.025M solution concentration and then decreases with 

further increase in solution concentration. The deviation of solution concentration from 

its optimized value results in departure from the stiochiometry of the material; thus 

leading to the lower values of Isc and Voc. 

 

3.4 EDAX: 

 

The compositional analysis of CdIn2S4 thin film deposited at optimized solution 

concentration of 0.025M is determined by EDAX technique and is tabulated in Table 2. It 

is found that the material is almost stoichiometric. 

 

3.5 Optical absorption studies:  

 

Optical absorption studies of CdIn2S4 thin films prepared at different solution 

concentrations were carried out in the wavelength range 350 - 850 nm at room 

temperature. The absorption coefficient for all samples is found in the order of 103 cm-1. 

The plot of (αhν)1/2 vs hν is plotted for the typical sample prepared at optimized solution 

concentration  is as shown in Fig.5. The straight portion is extrapolated to meet energy 

axis at α = 0; this yields band gap energy Eg to be 2.22 eV. The band gap energy 

determined for the samples decreases from 2.27 to 2.22 eV with increase in solution 

concentration upto 0.05M, and it further increases with increase in solution concentration. 

The minimum band gap energy of the crystalline material at 0.025M confirms the 

stability of material with nearly stoichiometry and the variation in band gap energy with 

solution concentration is depicted in Fig.6.  

 

3.6 Electrical resistivity: 

 

            The variation of log ρ vs inverse of temperature (1000/T) for the films deposited 

at optimized solution concentration is as shown in Fig.7, which reveals that the resistivity 

obeys the relation KTEae /
0ρρ = where, Ea is the activation energy and K is the Boltzmann 
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constant. It is clear from Fig 7 that the resistivity decreases as the temperature increases, 

showing semiconducting behaviour of the CdIn2S4 thin films. 

   

3.7 Thermoelectric power (TEP): 

 

            The type of conductivity exhibited by the spray deposited CdIn2S4 thin films was 

determined from TEP measurements. The polarity of thermally generated voltage at the 

hot end is positive indicating that the films are of n-type.Fig.8 shows the variation of 

thermoemf with temperature difference for the film deposited at optimized solution 

concentration. It is seen that the thermoemf varies linearly with difference in temperature. 

 

4. Conclusions: 

 

         Nearly stoichiometric thin films formation of n- CdIn2S4 by spray pyrolysis 

technique is possible. The films deposited at optimized solution concentration of 350 oC 

and concentration of 0.05M are polycrystalline with cubic structure having band gap 

energy (Eg) 2.22 eV. Observed variation in band gap energy for  CdIn2S4  films with 

deposition temperature is due to corresponding variations in particle sizes and film 

thickness with deposition temperature. The CdIn2S4 material is observed to be 

photoactive when used in (PEC) solar cells and shows higher photovoltaic activity for 

film deposited at optimized preparative parameters. The optimized CdIn2S4 thin film has 

lower resistivity and higher thermoelectric power. 
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Figure Captions: 
 
Fig.1: Variation of film thickness of CdIn2S4 thin films with solution concentration. 
 
Fig. 2: XRD patterns for spray deposited CdIn2S4 thin films at different solution 
concentration from aqueous medium.   
 
Fig. 3: Variation of photocurrent (Isc) versus solution concentration for CdIn2S4. 
 
Fig. 4: Variation of photovoltage (Voc) versus solution concentration for CdIn2S4. 
 
Fig. 5: Variation of (áhí)1/2

 versus  hí for the CdIn2S4 thin film deposited at optimized 

solution concentration. 

Fig. 6: Variation of band gap energy with solution concentration for CdIn2S4 thin films. 
 
Fig. 7:  Plot of log ρ vs. 1000/T for CdIn2S4 thin film deposited at optimized solution 
concentration. 
 
Fig. 8: Variation of thermo-emf with temperature difference for spray deposited  CdIn2S4 
thin film. 
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Table 1. Observed and Standard ‘d’ values for the CdIn2S4 thin film deposited at 
optimized solution concentration 0.05M. 
 

Sr. 
No. 

  Standard 
‘d’ value (Ao)  

   Observed  
‘d’ value (Ao) 

   (h k l)      
  Planes 

  1. 3.270 3.2659 (311) 

  2. 2.712 2.7045 (400) 

  3. 2.087 2.085 (511) 

  4. 1.916 1.913  (440) 

 

 

 

Table 2. Elemental analysis of CdIn2S4 thin film deposited at optimized solution 
concentration 0.05M. 
 

Element Wt % At. % K- ratio Z A F 

S K 23.49 52.18 0.2654 1.2230 0.9109 1.0142 

Cd L 27.20 17.24 0.2436 0.9171 0.9764 1.0000 

In L 49.31 30.59 0.4431 0.9134 0.9838 1.0000 

Total 100.00 100.00     
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ABSTRACT 

 
Polyethylene terephthalate (PET) film is a very attractive substrate for thin film solar cells technology. In order to 
obtain the benefit of the light trapping effect, plasma etching treatment is an effective method for producing textured 
polymer surfaces. In this paper, an optimisation work on the PET texturing by plasma etching is described. The 
undesired presence of protrusions on the etched polymer surface is reduced by performing a directional etching. The 
reflector structure consisting of a textured polymer coated with Ag is morphologically and optically suitable to be used 
as an appropriate back-reflector in thin film solar cells fabrication. 
 
 
INTRODUCTION 
 
In thin film photovoltaic technology, polymer films are 
very attractive substrates being suitable for roll-to-roll 
process and for monolithic series-connection, both key 
cost reduction factors. Furthermore being light, flexible, 
non-breaking, low-cost are particularly appropriate for 
PV building integration. The most largely used flexible 
substrate for amorphous and microcrystalline  silicon 
solar cells is polyimide (PI), especially due to its 
excellent temperature resistance. However, this material 
is very expensive. Polyethylene terephthalate (PET) is 
an attractive alternative polymer due to its low cost 
(about twenty times lower than PI)1-3. PET shows a very 
high transmittance in the solar spectral region and has a 
good resistance to ultraviolet radiation and, as a 
consequence, it can be employed also in pin structure. 
Furthermore, it is stable up to 170°C, compatible with 
typical substrate temperatures used for a-Si:H and ìc-
Si:H depositions.  
The use of  textured substrates promotes a light-trapping 
effect that allows enhanced short-circuit current in thin 
film devices, for both superstrate and substrate device 
configuration.  
Plasma etching treatment is an effective method for 
improving the adhesion and the roughness on polymer 
surfaces 4,5. It gives two interesting advantages : i) 
uniform treatment on large area sample; ii) bulk 
properties unaffected by surface modification.  
In this work, we have realised a controlled roughness on 
the plastic substrate by plasma etching. In order to 
minimize undesired non-etched micro-islands on the 
polymer surface, plasma etching process with inclined 
substrate and light chemical etching were carried out. In 
order to verify the texture effectiveness, silver was 
deposited on this plasma treated plastic surface. 
Different textured surfaces, obtained by different 
treatment times at the optimised etching conditions, 
were used. We evaluated the behavior of these silver 
coated samples as back reflectors in terms of enhanced 
light-scattering and appropriate diffuse reflectance by 
means of optical measurements. 
 
 

EXPERIMENTAL 
 
The polymer substrate material used for this study is a 
biaxially oriented polyethylene terephthalate (PET), 175 
ìm thick foils, additive -free, supplied by Good Fellow 
(UK). As first step the samples were cleaned and 
thermally annealed in order to remove the strain relief. 
Plasma treatments were carried out in an in-house-made 
RF glow-discharge (13,56 MHz) reactor with a base 
pressure of 10-6 mbar. The final reactive plasma 
pressure (0.05 to 0.2 mbar) was achieved and controlled 
by means of a throttle valve-baratron system. RF power 
was supplied to a circular metallic electrode (12 cm 
diameter) in the vacuum chamber through a capacitively 
coupled matching network. The PET substrate, directly 
fixed on the electrode, was etched using a plasma 
produced with two different gases (O2 and Ar). Plasma 
treatment was carried out at different rf powers, gas 
flow rates and gas pressures. 
Surface morphology of the plasma treated films was 
studied using a Leica-Cambridge S360 scanning 
electron microscope. For SEM characterization the 
samples were coated with gold-palladium. The 
roughness of the surfaces was evaluated by Veeco 
NanoScope IV atomic force microscope. Optical 
measurements were performed using a Perkin- Elmer 
Lambda 900 UV-VIS-NIR spectrophotometer in order 
to evaluate the transmittance haze factor (Tdiffuse/Ttotal) of 
the films. 
Silver films 600 nm thick were deposited by e-beam on 
the textured face of the plastic. Total and diffuse 
reflectivities of the resulting structures were measured 
and corresponding reflection haze parameters 
(Rdiffuse/Rtotal) were calculated.  
 
RESULTS AND DISCUSSION 
 
The as received PET named Melinex ‘O’ is an extruded 
film biaxially oriented, additive-free and transparent. It 
is a thermoplastic polyester, semi-crystalline. The 
calorimetric thermogram obtained by DSC shows a 
glass transition temperature at 76 °C and a melting 
temperature at 254 °C. The surface topography was 
found very flat (the RMS roughness was 1.2 nm). Only 
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some surface scratches, presumably due to the 
manufacturing process, were visible. 
Plasma treatments were carried out using two different 
gases: Ar as inert gas and O2 as reactive gas in order to 
investigate the role that the nature of the gas plays on 
the removal mechanism and, as consequence, on the 
resulting  surface morphology. 
In order to enhance the etching rate, all the treatments 
were carried out at very low pressure 6. Indeed, at lower 
pressure, the mean free path of excited species in the 
plasma is longer and the probability for theirs being in 
an excited state (capable of bond breaking) upon arrival 
at the surface would be greater. 
With regard to PET films etched in oxygen plasma at 
fixed values of RF-power and etching time, Fig. 1 
shows the behavior  of the average  haze (Tdiffuse/Ttotal 

integrated in the range 300 to 1000 nm) versus the 
pressure process. It is interesting to note there is an 
optimal oxygen pressure value (0.1 mbar) for which we 
obtained the maximum haze value, corresponding to the 
best scattering properties. 
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Fig. 1 – Variation of the optical haze factor for PET films 
etched under different oxygen pressures. 
 
Furthermore, at a fixed value of the process pressure, we 
have investigated the role of the oxygen on the etching 
effectiveness. In this case, we verified that the diffuse 
transmittance continuously increases with the increase 
in oxygen flow rate from 20 to 50 sccm.  
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Fig. 2 – Variation of the optical haze factor for plasma etched 
PET films with different etching times. 
 
We verified that RF-power and etching time give the 
same effect  on the surface modifications. Plasma 
treatments at 0.1 mbar O2 pressure, 70 W RF-power and 

30 sccm O2 flow rate were carried out for different 
etching times, up to 30 min. Large modifications in the 
surface topography and in the scattering properties were 
observed. The optical haze parameter increased 
following a quite exponentially behavior with the 
increase in duration of etching (Fig.2). In Fig. 3, SEM 
pictures show that at lower etching time the surface is 
uniformly composed of a dense packing of spherical 
aggregates that are 50-60 nm wide. This structure can be 
attributed to preferential erosion of amorphous material. 
At about 8 min of treatment the surface starts to 
drastically modify and the aggregates becomes less 
rounded and a rod-like structure appears. This structure 
becomes more pronounced with the increase the etching 
time and becomes totally porous after  30 min of 
treatment. We have evaluate about 2 ìm of material 
removed at this treatment time.  The  plasma-modified  
 

   

  
 

Fig. 3 – SEM images of etched PET surfaces for different 
etching times with  oxygen plasma: (a) 4 min, (b) 10 min, (c) 
30 min respectively and with argon plasma: (d) 30 min 
(pressure: 0.1 mbar; RF-power: 70 W; oxygen flow rate: 30 
sccm). 
 
material is softer than the untreated polymer. 
We have also carried out PET surface treatments using 
Argon as process gas. It is generally reported  that a 
noble gas gives a different removal mechanism 7, by 
means of only physical  interactions. We have verified 
that the etching rate is about ten times lower respect to 
the oxygen plasma removal. A honey-comb surface 
structure appears (Fig. 3d) with a very low surface 
roughness. The corresponding optical scattering 
properties are too poor for an effective light trapping in 
thin film silicon solar cells. 
On the surface of plasma treated PET, large rod-like 
protrusions of non etched material and snow-ball 
formations of  melted PET remain as process micro-
defects (Fig. 4a). By means of x-ray microanalysis 

a)  b) 

c) d) 
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technique, we verified that this undesired phenomenon 
was due to the presence on the polymer surface of 
residual agents (especially CaF2) used during the 
polymer manufacturing process. These chemically 
contaminated micro-regions are not plasma etched 
giving rod-like protrusions. Furthermore, some of these 
protrusions, during the plasma etching, give arc 
formation producing melted material (snow-ball 
features). It can be easily understood that it is difficult to 
deposit solar cells without creating large shunt on such a 
surface. In order to reduce this phenomenon we have 
carried out a directional etching (sample tilted respect to 
the electrode) realizing a reduction of about 70% of 
such features (see Fig. 4b). We are also trying a 
chemical etching (alkaline solutions) on the polymer 
surface prior to the plasma etching. Preliminary results 
are encouraging and the work is in progress.  
 

  
 
Fig. 4 – SEM images showing the reduction of protrusion 
formation with directional etching. Horizontal (a) and inclined 
(b) substrate configuration. 
 
Subsequently, silver layer was deposited by e-beam 
evaporation on the textured face of the plastic. Polymer 
substrates treated in oxygen plasma for different etching 
times, were used in order to obtain the most appropriate 
textured back reflector. The total and diffuse  
reflectivities  of  the  resulting  structures have been 
measured. 
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Fig. 5 –Diffuse reflectivity of the structure Ag/etched PET.  
The scattering properties obtained on textured PET surfaces at 
different etching time are compared with Ag/Asahi-U TCO 
structure.  
 
Fig. 5 shows that with the increase in etching time, the 
diffuse reflectance of the structure increases and reaches 
the best value after 30 min of the substrate treatment.  

This value is compared with the reflectance  measured 
on a silver coated TCO (Asahi-U) used as reference 
textured structure. Fig. 6 shows AFM image of a silver 
coated PET treated for 30 min.  For this structure we 
evaluated a RMS roughness of 35 nm. This optimized 
silver coated PET can be evaluated as appropriate textured 
back-reflector able to obtain a large light-trapping in a thin 
film silicon solar cells. 

 
 
Fig. 6 – AFM surface topography of the structure Ag/etched 
PET. This PET substrate was  treated in plasma for 30 min. 
 
CONCLUSIONS   
 
PET is a low-cost substrate and it can resist to 
temperatures compatible with those required in the 
deposition of device quality silicon thin films. Plasma 
etching with reactive gas is a viable technique to 
reproduce nanometer size texturing on the polymer 
surface of PET. RF-power and etching time were the 
most meaningful process parameters, able to produce 
appreciable modifications on the polymer surface. The 
morphological and optical analysis show that with the 
increase in etching time, the surface structure evolves 
from spherical grains to fiber-like structure having a 
very high porosity and correspondly the diffuse light 
component increases. The undesired presence of 
protrusions on the etched polymer surface is reduced 
about 70% by performing a directional etching (sample 
tilted respect to the electrode). A pre-treatment of the 
PET with alkaline solutions gave encouraging 
preliminary results. 
The reflector structure consisting of a textured polymer 
coated with Ag is morphologically and optically suitable 
to be used in solar cells. 
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ABSTRACT 
    
Antimony doped tin oxide thin films of different thickness have been prepared on mineral glass substrate 
by spin coating method via sol-gel route, at different heat treatment temperature viz., 350 °C, 375 °C, 400 
°C, 425 °C and 450  °C  respectively.  From  the  viscosity  measurement,  rheological  properties of  the  
sol  solution  have  been studied and the optimum coating period have been evaluated as 3 days. In this 
work, ATO films have been developed under optimized coating conditions viz., number of coatings (8), 
turn table spin rate (300 rpm), spin time (10 seconds) and  dopant concentration (5.46 mol % of Sb in 
SnO2), at different heat  treatment  temperature. The influence of heat treatment temperature on the 
structural, optical, electrical and surface properties of the films have been investigated and reported.  XRD 
studies of the films confirm tetragonal rutile structure with preferred orientation along the (110) plane. The 
lattice constant a and c have been evaluated as 4.7329 A� and 3.1921 A� respectively, which are well in 
agreement with the standard values of JCPDS – PDF data (No. 41 – 1445) for SnO2 powder specimen. The 
mean grain size evaluated from the sherrer’s formula show a non-linear increase up to the optimum heat 
treatment temperature (400 °C) and beyond which a fall in mean grain size is observed. Optical properties 
of the films have been investigated in the wavelength region 300nm to 800 nm. All the ATO films show 
good transmittance in the visible region and the fundamental absorption edge lies in the UV region. A 
maximum Transmittance of 96 % at 700 nm has been observed for the ATO film heat treated at 400 °C.  
From the optical absorption data, the direct band gap energy of the films has been evaluated and it lies 
between 3.2 eV to 3.8 eV. The variation of refractive index with wavelength for different heat treatment 
temperature have been studied and reported.  The minimum value of sheet resistance and electrical 
resistivity come to 36 Ω/� and 6.7 x 10-3 Ω-cm respectively, for the ATO film prepared with the optimum 
heat treatment temperature. The influence of heat treatment temperature on carrier concentration and 
mobility of the as coated ATO films have been investigated and the results are discussed. The AFM 
micrographs of the ATO film prepared with optimum heat treatment temperature (400 °C) shows uniform 
surface pattern, with the grains of size 1000 nm to 5000 nm. Studies indicate that the sol gel spin coated 
ATO films prepared under the optimized heat treatment temperature (400 °C) and coating conditions 
exhibit good optical and electrical properties, indicating it as a potential candidates for the photovoltaic 
applications. 
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ABSTRACT 

Pristine ZnO sample excited using 325 nm, exhibited photoluminescence emission at 517 nm. But ZnO films irradiated 
using N+ ions of energy 80 MeV had a new emission at 590 nm. The intensity ratio between the emission at 517 m and 590 
nm decreased with increase in the ion fluence. At a fluence of 3x1013 ions/cm2, the emission at 517 nm completely vanished 
and the only emission present was at 590 nm. The mechanism of these two emissions is discussed in the paper. 

 

1. INTRODUCTION 
 

Recently there is great interest in the wide band gap 
material due to the wide application in short wavelength 
light emitting diodes. Among these ZnO is most important 
due to its direct wide band gap (3.3 eV) and large 
excitonic binding energy (60 meV)1. Despite the extensive 
studies reported earlier, only a very few were on ion 
irradiation effects in ZnO. Ion irradiation is one of the 
powerful technique to tune the properties of a material by 
creating vacancies, defects etc. In this paper, we used 
photoluminescence (PL) technique, as a tool, to explore 
the defects, which are giving radiative emissions from 
ZnO. Chemical Spray Pyrolysis (CSP) technique was used 
to prepare the films since it was an inexpensive, simple 
technique that can be used for large area coating. 
 
2. EXPERIMENTAL DETAILS 
 
Details of CSP techniques were described elsewhere2. 
Zinc acetate was used as the precursor solution and 
microglass slides as substrates. Substrate was kept at 673 
K during the spray pyrolysis and compressed air served as 
the carrier gas. ZnO thin films of area 1x1 cm2 were 
irradiated using 80 MeV Ni ions, at five different 
fluences, 5x1011, 1x1012, 3x1012, 1x1013 and 3x1013 
ions/cm2. Samples were named as F0, F1, F2 etc with F0 
the pristine sample. F1 being the sample irradiated with a 
fluence of 5x1011 ions/cm2 and F2, the sample irradiated 
with a fluence of 1x1012 ions/cm2 and so on. Irradiation 
was carried out in high vacuum conditions, keeping the 
sample at room temperature. Beam current was kept 
constant during experiments (around 1 particle nano 
ampere). Electronic stopping power (calculated using 
TRIM) of 80 MeV Ni ions in ZnO thin film was 1.349 
keV/Å while nuclear stopping power was 3.346 eV/Å, so 
that the modifications developed in ZnO were mainly due 
to electronic excitation. Moreover, for the Ni ions, the 
electronic stopping power was highest in this energy 

regime and hence one could expect the effect of 
irradiation to be more at this energy value. The variation 
of both electronic and nuclear stopping power with Ni ion  
energy is given in figure 1. The projected range of the Ni 
ion was 10.09 µm with lateral straggling 750 nm. 
Thickness of the film was 0.54 µm so that no ions were 
implanted in the film and defect was only due to the 
irradiation.  
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FIG. 1 Variation in electronic (Se(E)) and nuclear 
stopping (Sn(E)) powers with ion energy. Arrow mark 
indicates the energy value of Ni ions used in the present 
study. 
 
3. RESULTS AND DISCUSSION 



 
Photoluminescence measurement of pristine ZnO showed 
only one broad emission, centered at 517 nm [Fig. 2]. The 
sample F1 was also giving only one emission at 517 nm. 
But all the other irradiated samples were giving two 
emissions at 517 nm and 590 nm [Fig.3]. When the ion 
fluence increased, the intensity of the emission at 517 nm 
decreased while the emission at 590 nm increased. At 
higher fluences the intensity of the emission at 590 nm 
was greater than that of the emission at 517 nm. Finally 
for the fluence of 3x1013 ions/cm2 (sample F5), the 
emission at 517 nm got completely suppressed and the 
only emission was at 590 nm [Fig. 4]. 
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FIG. 2 PL spectrum of pristine ZnO films 
  The possible mechanism responsible for the 
blue-green emission at 517 nm was previously 
demonstrated and it was due to oxygen antisite (OZn) and 
the transition was from conduction band to the acceptor 
level due to antisite oxygen2. Intensity of the emission at 
517 nm decreased with increase in the ion fluence and this 
might probably be due to the depletion of the acceptor 
level of antisite oxygen. The additional peak that appeared 
at 590 nm was corresponding to an activation energy of 
2.1 eV. A deep donor level was reported to be present at 
1.3 eV in ZnO with a band gap of 3.3 eV. Earlier Xu et al 
theoretically predicted a level at 1.3 eV below the 
conduction band, corresponding to vacancy of oxygen3. 
Kasai had also reported the defect state due to oxygen 
vacancy as a deep donor level4. Ortiz et al had also 
reported that the level at 590 nm might be due to oxygen 
vacancy in spray pyrolysed ZnO thin films5.  

According to TRIM ca1culation, 80 MeV Ni ions 
could create nearly 100 vacancies per ion during 
irradiation. According to earlier ca1culation, the 

probability of forming oxygen vacancies was more in 
ZnO due to its small covalent radius than that of zinc6. 
Thus, from the present study, it was observed that there 
was higher possibility of forming oxygen vacancies due to 
nickel ion beam irradiation. Hence we concluded that the 
emission at 590 nm might be due to the transition from the 
level due to oxygen vacancy to the valence band. 
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 FIG. 3 PL spectra of irradiated ZnO thin fims 
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FIG. 4 PL spectra of the sample F5. 
 
 
4.  CONCLUSION 
 



Photoluminescence technique was used for the defect 
characterization of Ni irradiated ZnO thin films. An 
additional emission at 590 nm was observed in the 
irradiated samples, in addition to the emission at 517 nm, 
which was the only one present in the pristine sample. At 
very high fluence, the emission at 517 nm was completely 
disappeared and the only emission presented was at 590 
nm. This emission was found to be due to the transition 
from the deep donor level created by oxygen vacancy to 
the valence band. 
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ABSTRACT 

 
We investigated the effect of intentional sodium incorporation on the structural, optical and electrical properties of Cu-
poor CuInS2 thin films. When available in small quantities (0.1%), Na was found to improve the properties of the film. 
The samples exhibited better crystallinity, remarkable increase in conductivity as well as photosensitivity due to sodium 
incorporation. Greater Na concentration (1%) was found to deteriorate the film properties, but the sample was still 
better than the undoped sample.  
 
 
1 INTRODUCTION 
 
Chalcopyrite semiconductors were successfully used as 
good absorber materials in thin film solar cells. To date, 
CdTe and Cu(In,Ga)Se2 absorbers were found to be 
more promising absorber materials since better 
efficiency was obtained for cells prepared using these 
materials (19.2% for Cu(In,Ga)Se2

1 and 16% for 
CdTe2). Due to its optimum direct band gap (1.5 eV)3 
and controllable conversion type,4 CuInS2 is one of the 
most attractive ternary compounds among these 
materials.  

An efficiency of 13% was obtained for a cell 
having TCO/CdS/CuInS2/CuGaS2 structure prepared 
using Cu rich CuInS2

5. It was well known that a Cu 
binary phase formed at the surface of Cu-rich films 
promoted the formation of large grains.6 This phase 
could be removed by KCN treatment. This toxic process  
could be avoided if we use Cu deficient CuInS2. But the 
hole concentration of Cu-poor CuInS2 is very low 
resulting in low efficiency. Reducing the number of 
donor states, which leads to an enhancement of hole 
concentration, is an essential technique for achieving 
high efficiency.  

A promising approach to use Cu-poor CuInS2 
has been suggested by Watanabe et al.7 They showed 
that with incorporation of sodium, an improvement of 
conductivity as well as efficiency of solar cells could be 
achieved. But the effect of Na incorporation in spray 
pyrolysed CuInS2 was seldom investigated. We have 
already reported 9.5% efficiency for an “all sprayed” 
CuInS2/In2S3 solar cell8 in which undoped CuInS2 was 
used. Here, we investigated the effect of intentional 
sodium incorporation on the properties of CuInS2 films 
and the results are described in this paper.  

 
2 EXPERIMENTAL 
 
Copper indium disulfide (CuInS2) thin films were 
deposited using Chemical Spray Pyrolysis (CSP) 
technique from a mixture of aqueous solutions of CuCl2, 
InCl3 and thiourea (CS(NH2)2). This mixture was then 
sprayed onto heated glass substrates kept at 300ºC, 
using air as carrier gas. Always 375 ml of the solution 

was sprayed at a spray rate of 20 ml/min. Required 
quantity of Na2S was added to the solution so as to vary 
Na doping as 0.1%, 0.3%, 0.5% and 1%. Cu/In ratio in 
the solution was kept at 1 so that, the ratio in the film 
was 0.7.9 The undoped and samples doped with 0.1%, 
0.3%, 0.5% and 1% Na were named C1, CN01, CN03, 
CN05 and CN1 respectively.  

The structural (XRD), optical (optical 
absorption) and electrical (conductivity, photosensitivity 
and thermally stimulated current) measurements were 
done on the pure and Na incorporated samples. 
Crystalline structure of the samples was analysed using 
X-Ray Diffraction (XRD) with Rigaku (D.Max.C) x-ray 
diffractometer having CuKα (λ=1.5405Å) radiation. 
Optical properties were studied using UV-Vis- NIR 
spectrophotometer (Hitachi U-3410 Model). 
Photosensitivity and conductivity measurements were 
done employing Keithley Source Measure Unit (SMU, 
K 1236) and Metric’s Interactive Characterization 
Software (ICS). TSC measurements were performed 
using Lab Equip (IMS 2000) in the temperature range of 
100 – 400 K. TSC spectrum was analyzed using 
Microcal Origin 6.0 software. 

 
3 RESULTS AND DISCUSSION 
 
3.1 Structural Analysis 
 
Structural analysis of Na doped samples revealed better 
crystallinity [Fig. 1] for very low doping (0.1% and 
0.3%). The undoped sample showed a very broad peak 
along (112) plane. Secondary phases like In6S7 and In2S3 
were also observed. However the intensity of the peaks 
associated with impurity phases were very low 
indicating that they existed only in traces. 

 CN01 sample showed three characteristic 
peaks along (112), (220) and (312) planes of CuInS2, 
with preferential orientation along (112) plane. No 
secondary phases were observed. But for CN03 the 
FWHM of the peak along (112) plane decreased. The 
peak along (220) plane became less prominent while 
that along (312) plane disappeared. Excess Na doping 
destroyed the crystalline structure of CuInS2, as 
evidenced by the broadening and decreased intensities 



of diffraction peaks of XRD. But it should be noted that 
still the sample was better than the undoped one. Na 
also increased the apparent grain size of the Cu-poor 
films. The lattice parameters, a=b=5.525 Å and c=11.11 
Å, calculated for sample CN01 showed vales close to 
the standard values (a=b=5.523 Å and c=11.141 Å), 
while other samples showed greater variation from the 
standard value.  
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Fig.1 XRD spectra of undoped and doped samples 
 
3.2 Optical Studies  
 
Band gap of the undoped sample was found to be 1.35 
eV. For sample CN01, band gap increased to 1.4 eV.10 
However on increasing the concentration of Na, band 
gap reduced to 1.27 eV (CN03).   Further increase in the 
the concentration (CN1) resulted in an increase of band 
gap to 1.41 eV [Fig. 2].  
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Fig. 2 Variation of band gap with Na concentration 

Sample CN01, which exhibited the characteristic peaks 
of CuInS2 had band gap close to the value 1.5 eV.  
 
3.3 Electrical Conductivity and Photosensitivity 
Measurements   
 
Conductivity of the sample was markedly enhanced by 
Na incorporation (an order of magnitude). Maximum 
conductivity was obtained for CN01 [Fig. 3]. 
Conductivity decreased with increase in doping 
concentration thereafter, but the value was found to be 
greater than that of undoped sample. The Cu 
substitutions and mobile Na species in the crystal lead to 
an increase in hole concentration due to a decrease in 
the concentration of the donor states (Vs, InCu, and Ini). 
The mobile Na would act as a passivator of donor states. 
11This might be one of the reasons for the increase in the 
conductivity as Na was incorporated in In rich samples. 
Another effect could be, the decrease of the density of 
compensating grain boundary defects and the increase 
of the carrier concentration within the grain.12 The 
samples exhibited improvement in crystallinity also. 
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Fig. 3 Variation of conductivity and photosensitivity with Na 
doping 
 

For higher Na concentration, Na might be 
situated at the grain boundary regions or interstitial 
positions in ionic state, acting as a charge compensator 
and thereby lowering the room temperature 
conductivity.13 Another reason might be, the reduction 
of crystalline quality of the films leading to a decrease 
in conductivity.  

Photosensitivity of the samples was improved 
by the intentional addition of Na eventhough the 
conductivity was better than that of undoped sample. 
This result was very interesting as far as application in 
solar cells as absorber layer was concerned. 

 
3.4 TSC Measurements 
 
Variation of Thermally Stimulated Current, TSC (also 
called thermally stimulated conductivity) was studied 



extensively as a defect characterization technique. This 
technique helps the identification and determination of 
the traps or defects and trap parameters of a material. 
The defect level associated with each peak was 
determined using Half-width method in which activation 
energy of the defect was directly related to the square of 
the peak temperature by the relation, 

( )2

2 1

2 m

a

kT
E

T T
=

−
………..(1) 

where ( 2 1T T− ) was the width of peak at half 

maximum, which was obtained by fitting the TSC curve 
using Gaussian fittings and mT  was the temperature of 

the maximum peak and  k was Boltzmann constant. 
 A deep defect level at 0.4 eV was observed for 
undoped sample above room temperature (385 K).  This 
could be identified as a majority carrier trap in the bulk 
of CuInS2.

14 The trapping effect of this level was found 
to decrease for low Na doping concentration (CN01 and 
CN03). But on increasing the doping concentration 
(CN1) the effect became prominent [Fig. 4]. 
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Fig. 4 TSC spectra of undoped and Na doped samples 
 
For sample CN01, TSC measurements indicated a 
decrease in activation energy (0.3 eV). Probably this 
may be the reason for better conductivity of this sample. 
On further increasing the concentration of Na, activation 
energy increased to 0.4 eV (CN1). On excess doping, 
Na might be situated at the interstitial positions in ionic 
state reducing its acceptor action in the sample. Similar 
effects were reported earlier.13 Also, XRD peaks were 
broad with very low intensities for sample C1. With Na 
doping the characteristic peaks corresponding to CuInS2 
appeared, but then for CN1 the peak intensities reduced 
considerably. Further investigations on the effect of Na 
are going on. 

4 CONCLUSION  
 
CuInS2 films showed better crystallinity by the 
intentional addition of Na in small quantities (for 0.1% 
and 0.3% doping). Band gap of the sample CN01 was 
found to be 1.4 eV, close to the value 1.5 eV, reported 
for CuInS2 films. Conductivity of the samples increased 
considerably for 0.1% (CN01) doping of the sample. 
Further increase in the concentration resulted in a 
decrease in the conductivity, but the value was greater 
than that for undoped sample. Photosensitivity of the 
samples increased with increase in doping percentage. 
Hence in terms of crystallinity, band gap, conductivity 
and photosensitivity, the samples with very low Na 
concentration could be used as the absorber layer in 
place of undoped sample in solar cells. 
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ABSTRACT 
 

An automated spray system was fabricated for the deposition of binary and ternary compound semiconductor 
thin films for photovoltaic applications. This system facilitates variation of parameters like spray rate, pressure of 
carrier gas and height of spray head from the substrate. Using this system, we optimized the deposition CuInS2 thin 
films, which are widely used as absorber layer in thin film solar cells. The effects of variation of spray rate on the 
structural, optical as well as electrical properties of the films were investigated. It was found that crystallinity of the 
samples decreased drastically with increase in spray rate. Fixing the spray rate, Copper rich ([Cu]/[In]=1.5), Indium rich 
([Cu]/[In]=0.5) as well as stoichiometric ([Cu]/[In]=1) CuInS2 were prepared and analysed using X-Ray Diffraction, 
Optical absorption, Scanning Electron Microscopy, Energy Dispersive X-ray Analysis, Atomic Force Microscopy and 
electrical measurements. Cu rich as well as stoichiometric films were p-type while Indium rich films were found to be 
n-type.  The electro-optical properties show strong dependence on the [Cu]/[In] ratio in the spray solution. Surface 
analysis reveals that Cu rich starting solutions resulted in formation of sharp edged crystallites while indium rich 
samples promoted spherical growth. The results from this work shows the possibility of having CuInS2 thin films 
deposited with a wide range electrical, optical as well as surface properties which is important while making solar cells 
based on this material. 
 
 
1. INTRODUCTION 

CuInS2 is a promising material for photovoltaic 
applications due to its optimum direct band gap of 1.5 
eV1, ease of type conversion2  and nontoxic constituents. 
It has been successfully used to fabricate both 
homojunction as well as hetrojunction devices with 
appreciable conversion efficiencies.  

CuInS2 thin films were prepared by a variety of 
methods like single and double source evaporation3, rf 
sputtering4, closed space chemical transport5, chemical 
deposition6, electrodeposition7, flash evaporation8, spray 
pyrolysis9, stacked elemental layer deposition 
technique10 and two stage process causing 
chalcogenization of the Cu-In alloy11. Chemical Spray 
pyrolysis is a cost-effective method by which uniform 
polycrystalline CuInS2 thin films can be deposited over 
a large area. As Cu/In ratio as well as S/Cu ratio in the 
film directly depends on the concentrations of the 
constituents of the spray solution, one can easily control 
the stoichiometry of the sample using this technique12-13.  
2. EXPERIMENT 

In the present work CuInS2 thin films were 
deposited using chemical spray pyrolysis method on 
glass substrates. Experimental setup used for the 
deposition is schematically shown (fig.1). Cleaned glass 
slides were placed on a base plate with heater rods 
embedded in it for heating. The substrate temperature 
was maintained with the help of a feed back circuit that 
controlled the heater supply. Temperature of the 
substrate could be varied from room temperature to 723 

K. Spray head and heater with substrates were kept 
inside a chamber provided with an exhaust fan for 
removing gaseous byproducts and vapors of the solvent. 

 

 Fig.1.  Schematic diagram of Spray system 
 
During spray, temperature of substrate was 

kept constant with an accuracy of ±5 K. The carrier gas 
and the solution were fed into the spray nozzle at 
predetermined and constant pressure and flow rate. 
Large area uniform coverage of the substrate was 
affected by scanning spray head employing 
electomechanical arrangements. 

Fixed volume (40 ml) of Cu rich solution 
(Cu/In=1.5, S/Cu=5) was sprayed varying the rate of 
spray as 1 ml/min (CISA1.5), 2 ml/min (CISB1.5) and 4 
ml/min (CISC1.5). The samples were kept at 573 K for 
half an hour after the spray and then cooled to room 
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temperature. Thickness of the sample was measured 
using stylus method and was found to be 0.23 microns. 
The structural, optical as well as electrical properties of 
these films were studied.  

Fixing the flow rate of solution at 1ml/min, Cu 
rich (CISA1.5), In rich (CISA.5) and stoichiometric 
(CISA1) samples were prepared in which Cu/In ratio 
was 1.5, 1 and 0.5 respectively. Crystalline structure 
was studied using Rigaku (D. Max. C) X-ray 
diffractometer employing CuKα line (λ=1.5405 A0) 
radiation and Ni filter operated at 30 kV and 20 mA. 
Chemical composition of the films was determined with 
the help of Energy Dispersive X-ray Analysis (EDX) 
measurements (Oxford model 7060). Surface 
morphology of the samples were studied employing 
SEM and AFM. Optical properties were studied using 
UV-Vis-NIR spectrophotometer (HITACHI U-3410 
Spectrophotometer). Photosensitivity measurements 
were performed using Keithley 236 Source Measure 
Unit (SMU) and the sample was illuminated using a 
tungsten halogen lamp having intensity 100 mW/cm2 
with an IR filter and water column in between to avoid 
heating of the sample. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Effect of variation of flow rate. 
 

XRD pattern of films deposited at different 
flow rates with Cu/In=1.5 (Cu rich) in solution are given 
in fig.2. The d values coincide with that of CuInS2 
(JCPDS data 270159) with preferential orientation along 
(112) plane. The crystallinity of the samples decreased 
with increasing flow rate. The grain size of the samples 
were calculated using Debye Scherrer formula, 
D=0.9λ/βcosθ, where D is the diameter of the 
crystallites forming the film, λ is the wavelength of 
CuKα line, β is the FWHM in radians and θ is the 
Bragg angle. Variation of grain size of the film with 
flow rate is given in table.1. 

Fig.2. XRD pattern of films deposited at different flow 
rates 
 
 
 

Table.1 The grain size of films deposited at different 
flow rates 
 
Sample name  Grain size 
        nm 
 
CISA1.5        25.3  
CISB1.5        22.5 
CISC1.5        8.35 

 
From the plot of αhν2 Vs hν, it was found that 

band gap increases from 1.3 eV to 1.4 eV as flow rate 
varies from 1 ml/min to 4 ml/min (fig.3). 
Photosensitivity [(Il-Id)/Id] where Il is illuminated 
current and Id is the dark current] of the sample 
improved with increase in flow rate. Resistivity of the 
sample also increased with the flow rate. 

The SEM images show the surface morphology 
of the samples. It was seen that surface roughness 
increased with increasing flow rate. For further studies 
we have fixed the flow rate at 1ml/min. 
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  Fig.3. Plot of (αhυ)2 Vs hυ for CISC1.5 
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   Fig.4. SEM images of (a) CISA1.5 and (b) CISC1.5  
     
3.2  Effect of variation of Cu/In ratio 
 
 Atomic concentrations of CIS.5, CIS1, CIS1.5 
were obtained from EDX measurements. Cu/In ratio in 
the films was found to be slightly less than that taken in 
the solution.  
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Fig.5. XRD pattern of films with different Cu/In ratio 

   
By hot probe method, it was seen that CIS.5 

sample was n type where as CIS1 and CIS1.5 samples 
were p type. XRD spectra of the samples (fig.5) show 
that crystallynity increases as Cu/In ratio increases. 
Samples CISA1 and CISA.5 showed presence of In2S3 
phase. At this preparation temperature single phase 
CuInS2 could be deposited only from Cu rich solutions. 
Band gap decreased from 1.5eV to 1.3eV as Cu/In ratio 
in the film increased (fig.6).  Resistivity of the sample 
increased from 0.023 ohm-cm to 8000 ohm-cm as Cu/In 
ratio decreased from 1.5 to .5. The increase in resistance 
can be explained by the poor crystallinity of the sample. 
In rich samples were photosensitive where as Cu rich 
samples were least photosensitive. 

Fig.6. Plot of (αhυ)2 Vs hυ for CISC1.5 
and CISA1.5 

 
SEM and AFM were used for the surface study 

of the samples. From the SEM micrographs and AFM 
images (fig7.a and 7.b) it was seen that the samples 
were devoid of pinholes and cracks. Use of In-rich 
solutions produces films with small grains. AFM images 
show that Cu rich starting solutions resulted in 
formation of sharp edged crystallites while indium rich 
samples promoted spherical growth. 
   

     

 (a)   (b) 
 
Fig.7 AFM images of (a) CISA1.5 (b) CISA.5 
         
4. CONCLUSION 
 

CuInS2 was prepared using automated CSP 
technique Characterization was done on the films 
prepared by varying flow rate of solution and 
concentration of spray solution. Smaller flow rate 
resulted in better crystallinity and conductivity of the 
film. It was seen that CuInS2 could be easily converted 
to p-type or n-type by varying Cu/In ratio in the spray 
solution 
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ABSTRACT 

 
â-In2S3 films prepared using Chemical Spray Pyrolysis (CSP) technique were doped with Sn to reduce 

resistivity. Effect of doping was studied using x-ray diffraction, optical absorption studies and photosensitivity 
measurements. Doping level was changed by varying the mass of the metals used. Analysis showed that the resistivity 
of the sample reduced considerably due to doping without affecting any of the physical properties such as crystallinity 
or band gap. Annealing of the samples at 1000C for one hour resulted in a small increase in resistance in comparison 
with unannealed samples. Interestingly it was also noted that a higher percentage of doping resulted in low crystallinity, 
negative photosensitivity and a slight increase in bandgap.  

 

 

1. INTRODUCTION 

 Indium sulfide is an important material for 
optoelectronic and photovoltaic applications1-4 and is a 
promising candidate for many technological 
applications due to its stability, wider band gap and 
photoconductive behavior5 . It can be used as an 
effective replacement for cadmium sulfide (CdS) in Cu 
(In,Ga) Se2 based solar cells. Even though CdS is 
capable of forming efficient heterojunction, there is 
great interest in replacing CdS by a cadmium free 
buffer due to environmental reasons. Recently CdS has 
been replaced by indium sulfide as buffer layer in 
ZnO/CuInS2 heterojunction in order to improve solar 
energy conversion6. Our group has obtained efficiency 
of 9.5% for CuInS2/In2S3 thin film solar cell using spray 
pyrolysis technique1. Cu(In,Ga)Se2 based solar cell 
prepared with chemical bath deposited In2S3 as the 
buffer layer could reach efficiencies (15.7%) near to 
those obtained by devices made with standard CdS 
buffer layer 6. 

The primary purpose of this work was to decrease 
the resistance of In2S3 layer by doping with Sn, so that 
it would reduce the series resistance of the cell and thus 
increase the short circuit current. In the present paper, 
we describe the effects of tin doping on structural, 
electrical and optical properties of spray pyrolysed β-
In2S3 thin films. A precise study on the properties of 
doped film is essential to control the doping parameters, 
and this is indispensable for its applications. 

 
2. EXPERIMENTAL DETAILS 

  
In2S3 thin films were deposited on soda lime 

glass substrate using CSP technique. Spraying solution 
consisted of indium chloride (InCl3) and thio-urea 
(CS(NH2)2) and was sprayed on to the substrate kept at a 
temp of 300+5oC at a spray rate of  20 ml/min. Total 
volume of the solution sprayed was 200 ml and the 
thickness was 0.5  µm with Indium to sulfur ratio 1.2/8. 

This ratio was selected as it showed the maximum 
photosensisivity2. Doping was done by diffusing metal  
layer deposited over the In2S3 thin films. For this, thin 
layer of tin was deposited using vacuum evaporation 
technique (pressure during evaporation was ~2x10-5 
Torr) and subsequent annealing at 100�C in vacuum for 
one hour, resulted in the diffusion of metal. Doping 
level was changed by varying the mass of the metals 
used. Tin doped samples were named as IS:2Sn, IS:4Sn, 
IS:6Sn and IS:8Sn corresponding to 2 mg, 4 mg, 6 mg 
and 8 mg of tin evaporated.  Both pristine and doped 
samples before and after annealing were characterized 
with different techniques. Structural characterization 
was done using X-ray diffraction (Rigaku D. Max C) 
employing CuKα line (λ=1.5404 Å). Optical absorbance 
of the samples at normal incidence was studied 
employing UV-VIS-NIR spectrophotometer (Hitachi U-
3410 model). Resistivity and photosensitivity 
measurements were taken with the help of Keithley 236 
Source Measure Unit. Electrical contacts were given 
using silver paint, in the form of two end contacts, 
having a distance of 5 mm between them. For 
photosensitivity measurements, sample was illuminated 
with a tungsten halogen lamp (100 mW/cm2) 

 
3. RESULTS AND DISCUSSION 
 
3.1 XRD Analysis 
 
 Figure 1 shows X-ray diffraction (XRD) 
pattern of undoped and doped In2S3 thin films with 
different tin concentrations.  The‘d’ values coincided 
with that of β-In2S3 in standard JCPDS data card (25-
390). Doped films showed no change in crystallinity 
with doping. No new phase was observed even for 
IS:8Sn of doping indicating that the incorporation of tin 
did not change the structure of In2S3 nor resulted in the 
formation of any new compounds.   For sample, IS:8Sn 
reduction in crystallinity was observed even before 
annealing. 
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       Fig. 1 Variation of XRD just after deposition of Sn 
 
 Annealed films also showed the same 
behaviour except for slight broadening of (109) peak 
Grain size was calculated using Debye Scherrer 
formula. It was found that grain size reduced on tin 
doping in annealed films whereas unannealed films 
showed a marginal increase in grain size with doping 
compared to pristine sample. Pristine sample showed 
increase in grain size on annealing [table 1]. 
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         Fig. 2 Variation of band gap just after deposition      

of Sn. Inset shows the variation after                  
annealing at 1000C for 1hr.  

 

       
 
3.2 Optical Studies 
 
   Optical absorption spectra were recorded in 
the wavelength region 350 -900 nm. In order to 
determine the optical band gap, (αhν)2 against hν graph 
was plotted [Fig. 2]. Optical band gap was determined 
from this plot for all films by the linear fit in the 
straight portion of the graph. Band gap 2.57 eV 
remained the same for IS:2Sn, IS:4Sn, IS:6Sn. This 
increased slightly with further increase in doping 
concentration and became 2.67eV for IS:8Sn. 
Absorption edge was not sharp and there was 
absorption in long wavelength region [Fig. 3]. This 
might be due to the introduction of shallow donor level 
because of doping of tin. Annealed films showed a 
small decrease in band gap but general nature remained 
the same. However absorption in the long wavelength 
was more prominent. 
 
 

Grainsize 
(nm) 

      Resistivity 
(Ω-cm) 

Sample 

 annealed  annealed 

IS 18.42 22.16 1633 1115 
IS:2Sn 20.29 15.03 3.45 3.6 
IS:4Sn 21.23 14.27 0.20 0.31 
IS:6Sn 22.65 18.75 0.04 0.05 
IS:8Sn 17.54 13.36 0.02 0.03 

 
        Table 1 Variation of grainsize and resistivity with  
                       doping before and after annealing  
 
 
3.3 Electrical resistivity measurements 
 

Electrical resistivity measurement was done on 
both doped and pristine samples and was found to be 
decreasing with tin doping6. Variation of resistivity with 
tin concentration before and after annealing is tabulated 
in table.1. Pristine sample had resistivity of 1633 Ωcm 
whereas resistivity of IS:8Sn was 0.02Ω cm. The 
decrease in resistivity might be naturally due to the 
donor action of tin. On doping, tin atoms may be 
occupying the vacant cationic sites7 or indium might be 
progressively replaced by tin atom. Since tin belonged 
to group IV, it could supply an additional electron 
contributing to the conductivity. Also tin could occupy 
interstitial position, again promoting conductivity. 
Indium interstitials formed by substitution might also 
act as donors6. However annealed samples showed a 
marginal increase in resistivity. This might be due to the 
decrease in grain size as a result of annealing.  

Photosensitivity (IL-ID)/ID (IL is illuminated 
current and ID is the dark current) measurements were 
taken using two-probe method. A potential difference of 
1-2 volts was applied across the two silver electrodes. 
For the photocurrent measurement, the sample was 
illuminated with a tungsten halogen lamp (100 
mW/cm2) and the photocurrent was measured 
simultaneously. Maximum photosensitivity was 
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obtained for the pristine sample and this decreased with 
increase in tin concentration. This might be due to the 
creation of enormous number of majority carriers on 
doping with tin, leading to huge dark current (ID). Infact, 
IS:8Sn sample showed negative photosensitivity. 
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      Fig. 3 Variation of resistivity and photosensitivity 
                 just after deposition of Sn 
 
 
 
4. CONCLUSION 

 Present studies proved that the resistivity of the 
sample reduced considerably by five orders due to Sn 
doping without changing any of the physical properties 
such as crystallinity or band gap. However annealing 
resulted in a small increase in resistivity when compared 
with unannealed samples. Interestingly it was also noted 
that a considerable increase in doping resulted in 
samples with low crystallinity, negative photosensitivity 
and a slight increase in bandgap. Results indicate that tin 
doped In2S3 films could be very well used for solar cell 
application. This layer will be useful near electrode. 
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ABSTRACT 
 
In this paper, the effect of electron, proton and helium ion irradiation on AgInSe2 thin films prepared by reactive 
evaporation is discussed. Electron irradiation was done at different dose rates starting from 4.098X1014 electrons/cm2 to 
2.459X1015 electrons/cm2. 1.26 MeV Proton and He+ irradiation were carried out at 1X1014, 5X1014 and 1X1015 
ions/cm2. The optical properties of the irradiated films were analysed and reported here. Electron, proton and He + 

irradiation studies show that the band gap of reactively evaporated AgInSe2 samples decrease with increase of dose. The 
observed decrease in band gap is attributed to the irradiation induced lattice defects.  
 
1 INTRODUCTION 
 
Ion implantation is a versatile method for modifying 
surface properties of materials since it offers accurate 
control of dopant composition and structural 
modification at any selected temperature. The major 
factors governing the successful exploitation of ion 
implantation are range of distribution of the implanted 
atoms, the amount and nature of the lattice disorder that 
is created, the location of the implanted atoms and 
ultimately the changes in structural, electrical and 
optical characteristics that result from the implantation 
or irradiation. Ion implantation and irradiation into 
compound semiconductors has been investigated with 
vigour in recent years, because of their applications.   
In this paper, the effect of electron, proton and helium 
ion irradiation on AgInSe2 thin films prepared by 
reactive evaporation is discussed. The electron 
irradiation was carried out at Microtron centre, 
Mangalore University, India. The electron energy was 
8MeV. Irradiation was done at different dose rates 
starting from 4.098X1014 electrons/cm2 to 2.459X1015 
electrons/cm2. Proton and Helium irradiation was 
carried out at 3.0 MV tandom pelletron accelerator, at 
Ion Beam Laboratory, Institute of Physics, 
Bhubaneswar, India. 1.26 MeV ion beam was used for 
the irradiation.    The irradiation was done at 1X1014, 
5X1014 and 1X1015 ions/cm2. The range of ions was 
calculated using TRIM (Transport of ions in matter) 
code. The optical properties of the irradiated films were 
analysed and reported here.   
1.1 Results and Discussions 
Co-evaporation or reactive evaporation, a variant of the 
Gunther`s three temperature method were used for the 
preparation of silver indium selenide thin films. Silver 
and indium were evaporated from molybdenum boats 
and selenium from a glass crucible kept in a 
molybdenum basket. The glass substrates were mounted 
on a substrate holder with a heating arrangement and 
temperature was measured with the help of a fine wire 

chromel-alumel thermocouple. The temperature of the 
substrate was maintained at 523±5 K throughout the 
deposition1

1.2 Optical studies 
Since the presence of defects and irradiation induced 
disorder significantly affect the optical properties, 
optical absorption spectrometry is an ideal technique for 
investigating the effect of irradiation in semiconductor 
thin films. However there is no published work 
available on optical properties of ion implanted or 
irradiated AgInSe2 thin films. Figure 1 shows the 
variation of optical absorbance of as prepared and 
electron irradiated AgInSe2 thin films. The optical 
absorption coefficient was calculated using the equation  

n
gEhAh )( −= ννα   1 

where Eg is the band gap, α is the absorption coefficient, 
ν is the frequency, A is a constant and n can have values 
1/2, 3/2, 2 and 3 depending up on the mode of inter band 
transition i.e. direct allowed, direct forbidden, indirect 
allowed and indirect forbidden transition respectively.   
n = 1/2 offer the best fit for the optical absorption data 
of silver indium selenide thin films. The absorbance and 
band gap did not show much variation with low electron 
doses up to 1.639X1015 electrons/cm2. Figure 2 shows 
the (αhν)2 vs hν plot of AgInSe2 thin films with 
different  electron doses. The band gap remains almost 
constant at 1.25 eV. At a dose of 2.459X1015 
electrons/cm2 the band gap decreased to 1.237 eV.  
El-Zahed 2 studied the effect of γ-dose on optical band 
gap of AgInSe2 thin films. He has observed an initial 
increase in the band gap with irradiation dose and then it 
started to decrease. According to him the increase in the 
band gap is due to the diminution of disorder and 
defects in the structure bonding. The decrease in band 
gap, which results from an excess of irradiation, occurs 
because the latter creates localized states, which are 
responsible for the low value of band gap.        
Buyanova et al 3 reported the effect of electron 
irradiation on the optical properties of GaN, studied by 
photoluminescence (PL) spectroscopy. Electron 
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irradiation at low dose < 1017 cm-2 was found to have 
minor effect. For higher doses, two major effects of 
electron irradiation on PL properties are observed; 
radiation-induced quenching and radiation-induced 
formation/activation of new optically active centres. 
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Figure 1: Absorption spectra of AgInSe2 thin films with 

different electron doses 

Another parameter, which is significantly affected by 
irradiation-induced disorder, is the sharpness of the band 
edge. The band tail observed to be increased with 
increase of electron dose. The observed band gap and 
calculated band tail is given in table 1 with electron 
irradiation dose. 
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Figure 2: (αhν)2 vs hν plot of AgInSe2 thin films with 
different electron doses. 
 

Sample Band Gap 

(eV) 

Band 

Tail (eV) 

Un irradiated 1.250 0.620 

4.098X1014 electrons/cm2 1.249 0.624 

8.197X1014 electrons/cm2 1.248 0.624 

1.639X1015 electrons/cm2 1.245 0.671 

2.459X1015 electrons/cm2 1.237 0.702 
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Table 1:  Band gap and band tail variation of electron 
irradiated AgInSe2 samples 

Figure 3 gives the absorption spectra of proton 
irradiated AgInSe2 thin films. It is observed that the 
absorbance slowly increased with proton dose. The band 
gap was found to decrease from 1.25 eV, for as prepared 
samples, to 1.133 eV for a proton dose of 1x1015 
ions/cm2. The band tail is found to increase gradually. 
The band gap and band tail variation is given in table 2. 
Figure 4 shows (αhν)2 vs hν plot of AgInSe2 thin films 
with different  proton doses.  
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Figure 3:  Absorption spectra of AgInSe2 thin films with 
different proton doses 
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Figure 4: (αhν)2 vs hν plot of AgInSe2 thin films with 
different  proton doses 
 

Sample Band Gap 

(eV) 

Band Tail 

(eV) 

Un irradiated 1.250 0.620 

1x1014 ions/cm2 1.191 0.636 

5x1014 ions/cm2 1.160 0.758 

1x1015 ions/cm2 1.133 0.774 

 
Table 2: Band gap and band tail variation of proton irradiated 
AgInSe2 samples 
 
He+ irradiation produces systematic increase in the 
absorbance with the increase of irradiation dose    
(figure 5). The increased absorption during irradiation 
can arise due to several factors, such as increased carrier 
concentration due to implantation, production of 



metallic silver clusters due to the loss of selenium and 
production of defect levels in the band gap. The clear 
exponential increase of absorbance with energy in this 
case strongly suggests that the increased absorption is 
primarily due to the production of defect levels in the 
band gap4. From the (αhν)2 versus hν plots (figure 6) 
the band gap energy was evaluated. Table 3 give the 
band gap energy and extent of band tail. The band gap 
decreased from 1.25 eV to 1.074 eV with increase of 
He+ dose. 
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Figure 5: Absorption spectra of AgInSe2 thin films with 
different He+ doses 
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Figure 6: (αhν)2 vs hν plot of AgInSe2 thin films with 
different  He+ doses 

Sample Band Gap 

(eV) 

Band Tail 

(eV) 

Un irradiated 1.250 0.620 

1x1014 ions/cm2 1.175 0.693 

5x1014 ions/cm2 1.107 0.738 

1x1015 ions/cm2 1.074 0.769 
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Table 3: Band gap and band tail variation of He+ irradiated 
AgInSe2 samples 
 
The band gap energy of the films was found to decrease 
with electron, proton and He+ doses. The extent of band 

tail is found to increase with dose. The increase in band 
tail indicates the creation of defects during irradiation. 
According to Narayanan et al 4 irradiation with Ar+ ions 
produce point defects such as vacancies, interstitials and 
antisite defects. Defect clusters such as argon bubbles, 
dislocation loops, etc. can also be expected to form 
during irradiation. The defects produce band tailing. The 
observed reduction in band gap arises due to this band 
tailing. Senthil et al 5 also observed the decrease in band 
gap of CdS thin films during Ar+ and N+ ion irradiation. 
Kamboj et al 6 reported the shift of optical band gap 
towards the lower energy, as dose of heavy ion   (C and 
Ag) increased from 1012 to 1013 ions cm-2 . Pankey and 
Davey 7 observed drastic changes in the optical band 
gaps of GaAs and GaP in thin film form as well as bulk 
form after neutron irradiation.  
1.3 Conclusions 
In this paper we reports the effects of electron, proton 
and He+ irradiation on AgInSe2 thin films prepared by 
reactive evaporation. The experimental observations are:  
Electron-irradiation studies show that the band gap of 
reactively evaporated AgInSe2 samples decrease with 
increase of dose. Band gap variation with proton 
irradiation showed a decreasing trend with increase of 
irradiation dose. He+ irradiation also shows a decreasing 
behaviour in the band gap with increase of dose. The 
observed decrease in band gap is attributed to the 
irradiation induced lattice defects. 
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ABSTRACT 

 
Thin films of chalcogenide semiconductor CdSe have been prepared by pulse electrodeposition process on 

fluorine doped SnO2 coated glass plates.  The electrodeposition bath consisted of aqueous solution including CdSO4, 
SeO2 and pH of 2.4. Growth of CdSe was accomplished under wide range of variables like current density, pulse on and 
off time in order to elucidate the effect on crystalline structure, grain size and optical properties.  Increased current 
density and on time favored grain size reduction, showing a blue shift in optical band gap due to quantum confinement 
effect. 
 
 
1 Introduction 
 
II-VI semiconductor nanocrystals are presently of great 
technical interest as optical emitting materials for thin 
film electroluminescent devices [1-3] and as optical 
amplifier media for telecommunication networks because 
of their strong bandgap luminescence and size dependent 
optical properties due to quantum confinement effect [4]. 
Even though various preparation techniques exist for 
powder preparation, formation of smooth film with 
nanocrystalline size is difficult. Among the various thin 
film preparation techniques, electrochemical technique is 
advantageous since it involves relatively simple and 
inexpensive equipment, the process can be precisely 
controlled, no toxic gases are involved, capability to 
fabricate on large and irregular surfaces.  Cadmium 
selenide CdSe is well known II-VI compound, having a 
band gap of 1.74 eV. CdSe thin films have been prepared 
by conventional electrodeposition technique by a number 
of researchers [5.6].  
       Pulse electrodeposition is one of the novel 
processing technique utilizing the advantages of high 
current density. It is similar to conventional direct 
current electroplating except that the plating current is 
turned on and off in a periodic fashion resulting in a 
square wave with pulse duration Ton between pulse 
durations Toff. Nanocrystalline metal deposition of Cd, 
Ni, Pd have been reported using pulse electrodeposition 
technique [7-8], however less attention was paid towards 
semiconductor film deposition. We have obtained 
stoichiometric CdTe films using a high off time during 
which dissolution of elemental Cd or Te takes place [9-
10]. In the present work, we report the effect of pulse 
parameters on the optical properties of CdSe thin films. 
Importance of present work lies in demonstration of the 
optical band gap dependence on the pulse parameters.  

 
2. Experimental 

       CdSe thin films were synthesized using unipolar 
cathodic rectangular pulses (current). A three-electrode 
cell was used for electrochemical deposition with a 
saturated calomel electrode (SCE) as the reference 
electrode, a fluorine doped tin-oxide (TCO)-coated glass 

sheet as the working electrode (cathode), a platinum 
sheet as the counter electrode (anode). The deposition 
area was about 1cm×2cm. The deposition was carried 
out in an aqueous bath containing 0.25 M CdSO4 , 0.25 
mM SeO2 and 0.25 M K2SO4. The pH of the solution 
was adjusted using H2SO4 to about 2.4. Temperature of 
the solution was kept constant at 80°C. During pulse 
electrodeposition, solution was not stirred.  After the 
deposition experiment, CdSe thin films were washed  in 
pure water, and dried in the air. Keithley current source -
220 was used to control constant current pulses. Applied 
current density was varied from 2.5 to 15 mA / cm2. On 
time (Ton) of the current pulses was varied from 3 ms to 
9 ms, and off time (Toff ) from 40 ms to 600 ms. Changes 
in crystalline structure and phases were analyzed by 
powder X ray diffraction patterns using Bruker -AXS D8  
advance diffractometer using Cu-Kα  radiation. Optical 
absorption measurements were performed using a 
Shimadzu 3101 UV-VIS spectrophotometer.  
 
3. Results and Discussions 

 

 
Figure 1  XRD pattern of CdSe film by pulse 
            electrodeposition 

 
A number of samples were prepared by pulse 
electrodeposition (PE) under varied current density, on 
and off time. XRD patterns for all sample consisted of 
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mainly cubic phase with a small amount of hexagonal 
phase.  However some variation in the relative intensity 
and peak width were observed. A reduction in the degree 
of (111) orientation was observed in pulse 
electrodeposited samples as compared to the DC 
deposited sample. Figure 1 shows the XRD pattern for 
two representative samples E and G, the on time was 
same at 3 ms but the applied current density and off time 
for E was 5 mA/cm2 and 30 ms which was increased to 
15 mA/cm2 and 200 ms for sample G. All main XRD 
peaks observed in these samples belong to the CdSe 
phase only. The sample G showed a small H(100) peak, 
due to the presence of a small amount of hexagonal phase 
component. Further, the sample G showed a broadening 
of the (111) peak as compared to E and sample prepared 
by DC technique. The crystallite sizes calculated using 
the Scherrer formula from the FWHM of diffraction peak 
are in the range of 10 to 12 nm. These results prove that 
electrodeposited films at higher current densities led to 
nanocrystalline particle sizes.  
 

 
Fig.2:  (αhν)2 vs hν curve for (a)  DC at –0.7 V, and 
pulse at current density of (b) 2.5 mA/cm2 , (c) 5 
mA/cm2   and (d)15 mA/cm2 . 
 
The optical transmission spectra of all the films were 
measured from 300 nm to 1100 nm wavelength.  The 
optical band gap was determined by plotting the (αhν)2 
vs hν, which yield a straight line behavior showing the 
direct band gap nature of the material.  Figure 2 shows 
the (αhν)2 vs hν curve for films prepared by DC 
deposition using potentiostatic deposition at a potential 
of –0.7 V (a), and by pulse electrodeposition at current 
density of 2.5 mA/cm2 (b), 5 mA/cm2 (c)  and 15 
mA/cm2 (d). The on time was constant 3 ms but off time 
was varied to maintain the average current density nearly 
same and were 20 ms, 40 ms and 200 ms respectively. 
The effect of reflection is neglected in the present work. 
The band gap for all samples showed an increase as 
compared to bulk reported value of 1.74 eV [11]. A large 

increase in optical band gap was observed on increasing 
the applied current density.  The band gap for DC 
deposited sample was 2.05 eV, which increased to 2.25, 
2.35, 2.45 eV for current density 2.5 mA/cm2, 5 mA/cm2 
and 15 mA/cm2 respectively. Sub-band gap absorption 
was observed at 1.75 eV, 2.05eV, 2.15eV and 2.2 eV 
respectively for these films. This sub-band gap 
absorption may be due to the presence of a wide 
distribution in particle size. In these sample a large 
particle size distribution might be possible. The 
observation that the optical band gap Eg of the CdSe thin 
film in the present case is higher than the value for 
single crystals is in accordancre with earlier observation 
on chemically deposited CdSe thin films [12]. The effect 
was attributed to very small grain size in chemically 
deposited films, which lead to electrical isolation of 
individual grains or quantum well structures. Studies on 
colloidal semiconductor particles have shown that the 
optical band gap would show considerable increase with 
respect to single crystal values if particle /crystallite size 
is less than 5 nm [13]. Increase in the value of Eg by upto 
0.5 eV from that of single crystals have been reported 
for chemically deposited CdSe films having a crystallite 
size of 4 nm. In the present case the crystallite size from 
XRD is about 10 nm, from the (111) peak, and a blue 
shift in optical band gap of about 0.8 eV was observed. 
The observed XRD particle size is comparatively larger 
to cause such a large blue shift. However the XRD 
normally gives the largest particle size. The presence of 
a sub-band gap absorption agrees that the particle size 
distribution is wide. Hence the average particle size in 
these films should be less than 4 nm to cause such a 
large blue shift. 
 

 
Fig.3   (αhν)2 vs hν curve at Ip=5 mA/cm2, Ton=3 ms   
and  Toff = 40ms (a), 70 ms(b) and 100ms (c) 
 
      Figure 3 shows the effect of Toff (off time) on the 
optical band gap. The applied current density Ip=5 
mA/cm2 and  Ton=3 ms were kept constant and Toff was 
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varied from 40 ms to 100 ms. Optical band gap for  off 
time (Toff)  40ms (a) , 70 ms (b)  and 100ms (c) were 2.3 
eV, 2.4 eV and 2.42 eV respectively. A subband gap 
absorption was observed at 2.05 eV in these films. 
Hence the increased off time also increases the optical 
band gap.  

Similarly an increase in the optical band gap was 
observed on increasing the pulse on time Ton from 3 ms 
to 9 ms. The optical band gap for a sample prepared at 
current density Ip of 15 mA/cm2, on time of 3 ms and off 
time 200 ms showed a band gap of 2.45 eV (Fig.2 d). 
The optical band gap for another sample prepared at 
current density Ip of 15 mA/cm2, on time 9 ms and off 
time of 600 ms showed an increased band gap of 2.5 eV.  

We can summarize the effects of pulsed deposition 
as follows. Increase in pulse on time, off time, as well as  
pulse current density increases the optical band gap of 
CdSe thin films. This increase in optical band gap may 
be attributed to the decrease in crystallite size. XRD 
results (Fig.1) confirm the formation of nanocrystalline 
sized  films, with a crystallite size of about 10 to 12 nm.  
Hence, with a control of pulse parameters 
nanocrystalline CdSe films can be prepared showing a 
blue shift of about 0.8 eV from its bulk value resulted 
from quantum confinement effect The smallest size is 
obtained at increased on time of 9 ms and off time of 
600 ms., where most of the time the current is off.  
      Selenium deposition potential is more positive than 
Cd, hence in order to get required stoichiometry, Se 
concentration in the bath is kept low. CdSe formation 
occurs when the growth rate is limited by selenium ion 
transport and when the cadmium is underpotentially 
deposited. The deposition  process can be described in 
two steps. First selenious ions are reduced at the cathode 
interface according to 

adsSeeSe  →+ + _4 4    1 

Then two reactions are possible, either pure Se clusters 
form by association of several selenium adatoms or  
reduction of cadmium ions takes place  in the presence 
of Se ads adatoms 
 

)(2( 2
adsadsads CdSeeCdSe +→++ −+  2 

 
According to equation (2), in the final step, selenium and 
Cd adatoms diffuse and react to form CdSe. Thus 
depending on the deposition conditions either Se or 
CdSe may form, therefore in general CdSe formation 
may contain excess Se. The effect of pulse 
electrodeposition on CdSe deposition can be understood 
as follows. In order to produce nanocrystalline material 
by electrodeposition process, the rate of nucleation of 
new crystals must be made very large so that there is a 
high concentration of nuclei on the surface, resulting in a 
very fine crystallite size. The dominant parameter 
affecting the nucleation rate is the applied overpotential. 
The high instantaneous current density allows many 
atoms to arrive at the substrate surface simultaneously. 
During the on time there is high current density resulting 
in high nucleation rate, and consequently the structure of 
the pulsed deposited film is very dense. During the off 
time, the region of the solution near the film surface is 
replenished with Cd and Se ions owing to their 

diffusion. The decreased grain size on increasing the off 
time is explained by adsorption mechanism. In case of 
adsorption, during the off period crystal growth is low, 
so nucleation and crystal growth take place during the 
pulse on time only. The nucleation rate is kept high 
throughout the deposition process by controlling the 
deposition parameters. The increase in pulse on time 
increases the number of nuclei, by increasing the adatom 
population, hence the increase in pulse current, increased 
off time and increased on time all favor the reduction in 
crystallite size. Further the pulse electrodeposition 
conditions helps in maintaining the stoichiometry of the 
films. During the off time Se once deposited will get 
dissolved back, because the off potential is less cathodic. 
The decreased the grain size by a control of pulse 
parameters, high current density, increased on time, 
increased off time, favor formation of nanocrystalline 
grains, the effect of which  is reflected as a blue shift in 
optical band gap.  
 
Conclusion  
Nanocrystalline CdSe thin films showing quantum 
effects were prepared by unipolar current pulse 
electrodeposition technique. Pulse electrodeposition 
process of CdSe thin films demonstrated that this 
process is advantageous for binary semiconductor 
deposition. Proper control of pulse parameters will lead 
to highly stoichiometric films, with a reduction in grain 
size, showing a blue shift in optical band gap. This is 
because the formation of a large number of initial nuclei 
provides more growth sites  
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Abstract  
 Photo-electronic properties of thermally vacuum evaporated CdS thin films of thickness 1500Å, 2000 Å, 2500 Å, 3000 Å and 
3500 Å at substrate temperature [Ts] 473K were studied under different thicknesses, intensity of light and bias at 
constant ambient temperature in vacuum.A gap-type film geometry with an effective gap of 7mm between two 
evaporated silver electrodes was used for photoconductivity measurements. Dark and photocurrents were 
measured with the help of an ECIL high input impedence (~1014Ù) electrometer amplifier (model EA 815) within an 

accuracy of 3%). The intensity of light illumination of the films were measured with the help of a high sensitive 
APLAB luxmeter (model 5011S).Photocurrents, Iph=(IL-ID) and photosensitivity, S=Iph/ID of the films of different 
thicknesses were measured with respect to intensity of light and applied bias at the same ambient conditions. The 
photocurrent and photosensitivity of the films were found to increase with increase of thickness, intensity of 
illumination  and bias. 
 
Keywords: Cadmium sulphide, thin films, film thickness, photoconduction, vacuum deposition. 
 

 
 

 
1. Inroduction: 
 
           The A II-B II compound semiconductor CdS 
is a promising host material for Its potential 
applications for light emitting devices (LED) [1] due 
to its capability to emit green light closed to the 
highest sensitivity to human eye. Because of its 
direct band gap (Eg =2.42eV), it interacts strongly 
with light [2,3] and can be used for successful 
fabrication of high efficient solar cells, 
heterojunction cells, photo-electrochemical cells, 
photo-transist0rs, X-rays and U.V. detectors [4]. 
Thus, the photo-response characteristics of CdS 
polycrystalline material in its thin film forms is one 
of the direct interest for understanding the basic 
physics involved in photoconductivity process. In 
general, polycrystalline CdS thin films posses fairly 
good photosensitivity which depends on thin film 
parameters like film thickness [5], substrate 
temperature [6] and other growth parameters [7]. 
The photosensitivity in thin films is essentially 
determined by the free life time of the carriers in 
the conduction band and is determined mostly by 
the recombination processes via defect states. The 
variation of life time  
 

and hence photosensitivity depends on the ambient 
temperature as well as on the intensity of light [8]. In 
the present work, thickness dependence on photo-
electronic properties of CdS thin films is presented.  

 
 
 
 
 
 
 

 
 

2. Experimental details:  
 

High purity CdS powder procured from Koch 
Light Lab., U.K. was vacuum evaporated from 
Ta- boat on chemically and ultrasonically 
cleaned glass substrates at substrate 
temperature 473K (Ts) with the help of 
HINDHIVAC 12A4 unit. The vacuum 
maintained was 1.33 x10-4 Pa.The rate of 
deposition of the films of thicknesses ranging 
from 1500� -3500� was maintained at 2.14 � 
S-1 under varied deposition times. After 
deposition of the films, highly photo-grade Ag 
electrodes were deposited on the films at room 
temperature with inter-electrode spacing of 
7mm. Ôhus, we get films of gap-type cell 
configuration of film area 10 x 7mm2. Ôhe  
source  .to substrate distance was kept fixed 
at 5cm. The thickness of the films were 
measured with a suitably assembled multiple 
beam interferometer. 



The sample was mounted on a suitably 
designed sample mount and then suspended 
vertically inside a continuously evacuated 
glass jacket under a vacuum of 2.67 Pa with 
the help of thin enameled copper wires. A 
double stage rotary pump was used for this 
purpose. A suitable optical arrangement was 
made to illuminate the sample uniformly with 
white light for which  a tungsten halogen lamp 
(250W-24V) attached with a parabolic focusing 
mirror was used as the light source. The light 
intensity was measured with the help of a 
APLAB luxmeter (model 5011S). High ambient 
temperatures were achieved by means of a 
resistive heater connected to a stabilized 
power supply. The temperatures of the films 
were measured with the help of a copper- 
constantant thermocouple in conjunction with 
a digital micro-voltmeter. The dark currents 
[ID] and the current under illumination [IL] 
were measured with the help of a high input 
impedence (~1014 Ù) ECIL electrometer 
amplifier under different applied positive bias 
obtained from a number of dry cells each of 
e.m.f. 9 volts connected in series. The whole 
set up including the observer was housed 
inside a suitably grounded Faraday Cage to 
minimize external ground loop currents and 
pick up noises. 
 

3. Results and Discussion:  
3.1. Effect of film thickness and bias on 
photocurrent.  

Fig.1(a). Variation of InIph vs Inφφ of a CdS thin films 
of thickness 1500�  (t) grown at 473K (Ts).
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Fig.1(b). Variation of In Iph vs In φφ of a CdS thin films having 
thickness 2000�  (t) grown at 473K (Ts). 
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Fig 1(c).Variation of In Iph vs In φφ of a CdS thin films of 
thickness 2560�  (t) grown at 473K (Ts). 
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Fig 1(d).Variation of In Iph vs Inφφ  of a CdS thin films 
having thickness 3500�  (t) grown at 473K (Ts).
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Fig. 1(a-d) show the variation of In Iph vs InÖ of the films 
grown at 473K (Ts) under different applied bias. We 
define Iph= (IL-ID), where IL is the current under 
illumination and ID the current under dark. The plots 
show that Iph increases almost linearly with increase of 
film thickness and bias. The power law relationship 
between Iph and Ö is expressed as  
 Iph  � Öã        

     (1) 
where Ö is the intensity of white light in Ix and the 
exponent ã depends on the imperfection levels 
contained in the films and is determined from the 
slopes of the graphs as shown in the table below: 
 

Value  of γ Film 
thickness               

(�  ) Bias=36V  Bias=63V Bias=90V 

1500 0.60 0.65 0.68 
2000 0.60 0.67 0.63 
2500 0.63 0.64 0.643 
3500 0.65 0.68 0.70 
 
It may be noted that the values of ã in CdS thin films 
under various experimental conditions are found to be 
less than unity. The observations clearly indicates that 
bimolecular recombination process predominates the 
photoconductivity in these films[ 9 ]. 
 
 
 
 
 
 
 
 
 
 



3.2. Effect of film thickness, intensity and 
bias on photoconductivity. 

Fig 2(a). Variation of photosensitivity vs intensity of 
white light of a CdS thin films having thickness 1500�  

(t) grown at 473K (Ts).
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Fig 2(b).Variation of photosensitivity vs intensity of 
light of a CdS thin films of thickness 2000� (t) grown at 

473K (Ts).

-0.3

0

0.3

0.6

0.9

1.1 4.4 11 22 41 64 96

Intensity (x103 Ix)

P
h

o
to

se
n

si
ti

vi
ty

36V

63V

90V

 

Fig 2(c). Variation of photosensitivity vs. intensity of light of 
a CdS thin films having thickness 3500�  grown at Ts=473K.
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Ôhe variations of photosensitiviy  vs inensity of white 
light   illumination have been shown in Figs. 2(a-c). It is 
cleared that the photosensitivity increases with the 
increase of film thickness and intensity of light. But the 
photosensitivity decreases with increase of applied 
bias. This is because, the grain size increases with 
increase of film thickness. 
 
 
 
 
 
 
 
 
 

Conclusion:  
 

1. Thermally evaporated CdS thin films showed 
defect controlled photocurrent and 
photosensitivity. 

2. Photocurrent and hence photosensitivity 
increase with increase of film thickness and 
intensity of white light illumination. The 
photosensitivity, on the other hand decreases 
with applied bias. 
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ABSTRACT 
 
CuInSe2 thin films were made by cost –effective two-stage process with the thermal evaporation of metallic bilayers 
followed by selenization. A systematic study was conducted varying the duration of selenization and the selenization 
temperature. The X-ray diffraction pattern revealed the presence of single-phase chalcopyrite with (112) preferred 
orientation for stoichiometric samples (Cu/In=1) selenized at 350oC for 3 hours. The CuInSe2 thin films prepared under 
this optimum condition showed a band gap energy of 1.05eV and a resistivity of 10-2Ωcm. Both energy gap values and 
resistivity showed an increasing trend with increasing Cu/In ratios. The information gained from the study plays a 
significant role in the fabrication of CuInSe2 thin films as absorber layer for thin film solar cells.
 
1. INTRODUCTION 
 
Polycrystalline CuInSe2 thin films have received 
considerable interest for photovoltaic application. The 
two main reason for this increasing interest are, first 
CuInSe2 has an optical bandgap of about 1 eV, which 
lies at the frequency interval of visible solar illumination 
and second, this material has a large absorption 
coefficient for frequencies that are higher than its band 
gap. Because of this large absorption coefficient, even a 
1 µm thick CuInSe2 film can absorb 93% of radiation 
falling upon it 1-3 

Several methods have been used for the deposition of 
CuInSe2 thin films 4-6. A small –area CuInSe2 thin film, 
which an efficiency of higher than 15% was deposited 
using a co-evaporation technique4. However co 
evaporation technique has high production cost in 
comparison with other techniques. In terms of large-
scale applications, one of the promising approach is two-
stage processing of thin chalcopyrite films, involving 
deposition of Cu-In-Ga precursors in the first step 
followed by their selenization using H2Se gas or Se 
vapour7. In this technique, both steps, the precursor 
preparation and the selenization, are important for the 
quality and the adherence of the CuInSe2 film to 
substrate. 

In this paper we report the preparation of  CuInSe2 thin 
films on glass substrates by selenizing evaporated Cu-In 
alloy layers. The selenization process was carried out in 
N2 atmosphere. The processing conditions for the 
growth of single phase CuInSe2 formation and their 
structural and electrical characteristics were 
investigated.  
 
2. EXPERIMENTAL 
 
For the preparation of CuInSe2 by two-stage process, the 
first step was the preparation of Cu-In precursors. Cu-In 
bilayers were prepared by sequential deposition of In 
followed by Cu by thermal evaporation. For better 
adhesion of, a thin layer of Gallium of thickness of 
about 100Ao was deposited prior to indium deposition. 
The thickness of the In layer was maintained at 0.4µm  

 

 

and that of Cu layer was varied to obtain various Cu/In 
ratios. The thickness of individual layers and 
evaporation rates were measured during deposition 
using a digital thickness monitor. The Cu-In bilayer 
films prepared were annealed at 153oC for 2hrs in high 
vacuum 8. 

The Cu-In precursors were then exposed to Se vapour in 
a split furnace, which allowed rapid heating and cooling 
of samples. The selenization temperature was varied 
from 250oC to 400oC. The selenization time was also 
varied from one to three hours. N2 was used as the 
carrier gas.  

After optimising the selenization temperature and 
duration of selenization as 350oC and 3 hours 
respectively, the experiments were repeated using 
precursor of various Cu/In ratios ranging from 0.8 to 
1.2. Single phase CuInSe2 films were obtained for   
Cu/In =1 with a preferred orientation along (112) plane 
having a band gap of  1.05 eV. 

The structural, optical, morphological and electrical 
characterizations of the  CuInSe2 films were carried out 
by X-ray diffractometer(XRD)., UV-VIS-NIR 
spectrophotometer and resistivity measurement 
respectively.  
 
3. RESULTS AND DISCUSSIONS 
 
The crystallinity of the films was studied by recording 
the X-ay diffraction pattern. The Cu-In precursors with 
Cu/In ratio=1, prepared by annealing at 153oC under 
vacuum [8] (Cu/In=1) were selenized for different 
duration varying from 1 to 3 hours. The XRD patterns 
of samples (Cu/In=1) selenized at 350oC for duration 
of 1 hour, 2 hours and 3 hours are shown in figure 1. In 
all the three cases, the dominant peak corresponds to 
CuInSe2 (112). For 1-hour selenization, some alloy 
peaks and one In2Se3 binary peak were identified in 
addition to CuInSe2 peaks. When the duration of 
selenisation was increased to 2 hours, then the In2Se3 
peak disappeared and CuInSe2 peak (200) emerged. 



Single-phase CuInSe2 thin films were obtained for 
samples selenized for 3 hours.  
The presence of Cu/In alloy and In2Se3 phases in the 
samples selenized for 1 hour and 2 hours indicates that 

 

 

 

 

 

 

 
 
 
 
 

 

 
 
the lower duration might be insufficient for the complete 
reaction. The optimised selenization duration was 3 
hours to obtain crystalline single phase CuInSe2 film. 

The CIS films were prepared by varying the selenisation 
temperature but for fixed duration of 3 hours. Figure 2 
shows the XRD pattern of films prepared for different 
selenisation temperature ranging from 250oC to 400oC. 

Even at the selenisation temperature as low as of 250oC 
CuInSe2 peaks were detected. But binary phases like 
Cu11In9 and In2Se3 were also present. An identical 
sample selenized at 300oC also showed CuInSe2, along 
with  Cu11In9 phase. Other binary phases presented were 
Cu3Se2 and In2Se3. This might be due to the fact that at 
300oC the precursor starts to decompose and indium is 
free to evolve as In2Se3 and Cu3Se2 

9. The lower 
selenium vapor pressure and the higher temperature 
might be favoring the growth of binary phases of 
selenium. The samples selenized at 3500C showed only 
CuInSe2 phase. The main reflection corresponds to that 
from (112) plane; which are closed packed planes in the 
chalcopyrite lattice. The usual growth direction of thin 
films is perpendicular to these planes 10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When temperature was raised to 400oC, the pattern 
showed again the presence of some impurity peaks such 
as Cu3Se2, In2Se3, CuSe2. The presence of binary phases 
Cu3Se2, In2Se3 and CuSe2 can be attributed to the 
segregation of In away and Cu towards the upper part of 
the layer at such a high temperature 11.  

The optimum selenisation temperature for the formation 
of single phase CuInSe2 is found to be 350oC.  Binary 
phases coexist at above and below this  temperature 

The CIS samples prepared with In rich precursors  
(Cu/In = 0.8), showed binary phases Cu3Se2 in addition 
to CuInSe2 (Figure 3). This might be due to the loss of 
indium from the sample during selenization. It was 
previously reported that Cu-Se and In-Se compounds 
were formed first by a reaction of the Cu-In alloy metal 
with the Se vapor, and then the CuInSe2 phase was 
formed through a reaction of these compounds 12. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

For samples prepared by selenization of Cu rich 
precursors with Cu/In=1.2, an impurity phase In2Se3 was 
observed. This might be due to the excess of In element 
left without alloying in precursor which is Cu rich13. 
During selenization, there might be loss of excess 
copper from the sample, thereby decreasing the Cu/In 
ratio. This may   lead to excess of In in the sample and 
thus forming In2Se3 as observed in the XRD pattern.  

The absorption coefficient (α) of the CuInSe2  were 
calculated from the absorption spectra and  the plot 
(αhν)2 Vs hν give the band gap of the material. A band 
gap of 1.05 eV was obtained from the plot of (αhν)2  Vs 
hν for the CuInSe2 thin films prepared using 
stoichiometric precursors (Cu/In = 1). It was found to be 
very close to the bulk CuInSe2 (1.04 eV). 

The variation of band gap of CIS films with Cu/In ratio 
is shown in figure 4. It is observed that the band gap of 
CIS films increases with increase of Cu/In ratio in the 
precursor for selenization. Hasan et al reported that more 
indium rich films have higher energy gaps than Cu rich 
ones 14.  As the Cu/In ratio decreases indium occupies 
some of the copper sites, resulting in antisite defects. 
The size of the indium atom is larger than that of copper. 
Hence antisite defects would increase the band gap. This 
agrees very well with the observed maximum band gap 
for samples with Cu/In ratio 1.2. This implies the 
possibility for loss of copper from the Cu rich samples. 

 
 

   Fig 1: The XRD patterns of the CuInSe2 thin films prepared 
 at  350oC for a duration of 1 and 2 hours and 3 hours(CuIn ratio=1) 

 

 
 

   Fig 2: The XRD patterns of the CuInSe2 thin films prepared at 
different selenisation temperatures for duration of 3 hours 

 

 

Fig 3: The XRD patterns of the CuInSe2 thin films prepared 
using selenizing precursors of different Cu/In at 350 o C for 

 duration  of 3 hours 



 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

The variation of the band gap of CIS films with different 
selenization temperature was also studied. It was 
observed that the band gap increases with increasing 
selenization temperature (figure 5). The low value band 
gap compared to the bulk at low temperature may be 
attributed to the presence of more secondary phases at 
low temperatures. At higher temperatures comparatively 
less secondary phases were observed. The band gap of 
CIS films selenized at 3500C for three hours was         
1.05eV and these films showed single phase CuInSe2 as 
indicated by XRD data. 

As the selenization temperature increases from 2500C 
the bandgap is found to decrease until 3000C,then the 
bandgap increased. A maximum of 1.16eV is obtained 
for the selenization temperature 4000C. The 
stoichiometric films (Cu/In =1) have a band gap of 
1.05eV at a selenization temperature of 3500C, which 
agrees with the theoretical bandgap suitable for solar 
cell with higher efficiency. The increase in band gap for 
higher temperature  (4000C) may be due to the presence 
of binary phases as evident from the XRD patterns. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resistivity of the samples was determined using two-
probe method using silver electrodes in planar geometry. 

The resistivity increases with the increase of Cu/In ratio. 
It varied from 0.54 to 0.12 Ω−cm(figure 6). Similar 
observation has been reported in literature 15. 

The type of the majority carriers in the present study 
was determined by hot-point probe method and all the 
samples were found to be p-type. 

 

 
 
 
 
 
 
 
 

  
 
 
 
 
 

4. CONCLUSION 

Cu/In ratio in the starting precursor, selenization 
temperature and duration of selenization are optimized 
from the present studies to obtain single-phase CuInSe2 

films. Single-phase CuInSe2 was obtained at a 
selenization temperature of 3500C for 3 hours 
selenization duration using the precursor having Cu/In 
ratio equal to one. The presence of some binary phases 
in films for shorter selenization period and lower 
selenization temperature may be due to the incomplete 
reaction and indium loss. The band gap obtained was 
1.05 eV for Cu/In = 1.The resistivity of the films was 
found to be  ~10 -2 Ω cm .The CIS films grown by two 
stage process can be used for the fabrication of Solar 
Cells. 
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ABSTRACT 
 
Cadmium indate films were deposited by dc reactive magnetron sputtering on the glass substrates under 
various sputtering powers in the range 35-50 watt, an oxygen partial pressures in the range 1×10-4 – 5×10-3 
mbar and substrate temperatures in the range 373 – 673 K. The influence of process parameters on the 
electrical and optical properties of the films was systematically studied and optimized the deposition 
parameters to produce transparent conducting cadmium indate films. 
 
 

1. INTRODUCTION 
 

Transparent conducting oxides have been known 
for the past five decades, extensively used as 
transparent electrodes in flat panel displays, 
photovoltaic devices, heat reflectors and energy 
efficient windows. Recently much progress on 
the research occurred including in the high 
performance invisible transistors1. Among the 
ternary oxide films, cadmium indate (CdIn2O4) is 
n-type semiconductor with wide band gap and 
have higher carrier concentration without any 
doping. Wu et al2 produced CdIn2O4 films by rf 
magnetron sputtering with electrical resistivity of 
2.4×10-4 �cm and Hall mobility of 44 cm 2 / 
V.sec when annealed in CdS/Ar atmosphere. 
Though the films prepared by rf reactive 
sputtering showed Hall mobility of 39cm2 / 
V.sec, found to contain a small concentration of 
secondary phases of In2O3 and CdO3. San et al4 
noticed that the Hall mobility of the films 
increased from 6.7 cm2 / V.sec to 53 cm2 /V.sec 
with the increase of substrate temperature from 
503 K to 696 K and further enhancement of 
mobility and optical band gap when annealed in 
argon atmosphere. Physical properties of the 
films deposited mainly depend on the deposition 
method and the process parameters maintained 
during the growth. In this investigation CdIn2O4 

films were prepared by dc reactive magnetron 
sputtering from cadmium – indium alloy target 
under various sputtering powers, oxygen partial 
pressures and substrate temperatures and studied 
their influence on the electrical and optical 
properties. 
 

2.EXPERIMENTATION 
 

Thin films of CdIn2O4 were formed on glass 
substrates  by  dc reactive  magnetron  sputtering 

technique from 100 mm diameter cadmium (34 
at.%) – indium (66 at.%) alloy target under 
different sputtering powers in the range 35-80 
W, oxygen partial pressures in the range 1×10-4 – 
5×10-3 mbar and substrate temperatures in the 
range 373 – 673 K. The details of the dc reactive 
magnetron sputter deposition of the films were 
reported earlier5. The thickness of the films 
investigated was determined by optical 
interference method. The electrical resistivity 
and Hall effect were measured by employing van 
der Pauw technique. The optical transmittance of 
the films was recorded using Hitachi – UV – Vis 
– NIR double beam spectrophotometer. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Effect of sputtering power 
 
Fig.1. shows the dependence of deposition  rate 
and sheet resistance of  CdIn2O4 films on the 
sputtering power. The deposition rate of the 
films increased from 15 nm/min to 48 nm/min, 
while the sheet resistance decreased from         
40 �/ � to 15 �/� with the increase of sputtering 
power from 30 W to 80 W respectively. At low 
sputtering powers the arrival rate of metal atoms 
on the surface of the substrate was less because 
of low sputtering power resulting the formation 
of oxygen rich films hence of high sheet 
resistance. At higher sputtering powers the 
deposition rate of the films was high, that is 
metal content in the film increased resulted in the 
growth of metal rich film hence of lower sheet 
resistance. This is the behaviour of reactive 
sputtering process, which was earlier reported in 
the sputtering of copper in oxygen and argon 
atmosphere6. The films formed at a sputtering 
power   of   45  W   were   nearly  stoichiometric. 



 
Fig.1. Dependence of sheet resistance and 
deposition rate of CdIn2O4 films on the 
sputtering power. 
 
Therefore further studies were carried out on the 
films formed at sputtering power of 45 W under 
different oxygen partial pressures and substrate 
temperatures. 
 
3.2. Effect of oxygen partial pressure 
 
Fig.2. shows the dependence of electrical 
resistivity and Hall mobility of the films formed 
at various oxygen partial pressures. An initial 
decrease in the electrical resistivity with  
increase of oxygen partial pressure indicated an 
optimum requirement of oxygen to produce low 
resistive films. At higher oxygen partial 
pressures the excess oxygen may be chemisorbed 
on the surface of the films and bonded as defect 
centers causing an increase in the electrical 
resistivity. It was confirmed from the 
composition analysis by energy dispersive X-ray 
analysis that the stoichiometric of the films was 
maintained at an oxygen partial pressure of 
5×10-4 mbar5. The Hall voltage measurements 
indicated that the films were   n-type.  The   Hall  
mobility  of  the   films increased from 10 cm2 / 
V.sec   to  23 cm2 / V.sec   with   the  increase  of 
 

 
Fig.2. Dependence of electrical resistivity on 
Hall mobility of CdIn2O4 films on the oxygen 
partial pressure. 

oxygen partial pressure from 1×10-4 mbar to 
5×10-4 mbar afterwards decreased to 6 cm2 / 
V.sec at higher oxygen partial pressure of 5×10-3 

mbar. The carrier concentration of the films 
increased from 1.2×1020 cm-3 to 2.3×1020 cm-3 
with the increase of oxygen partial pressure 
thereafter it decreased to 1.4×1020 cm-3 at higher 
oxygen partial pressure of 5×10-3 mbar which 
might be due to the reduction in the mobility of 
the charge carriers. 
 
3.3. Effect of substrate temperature 
 
Variation of electrical resistivity and Hall 
mobility of the films with the substrate 
temperature is shown in fig.3. The films formed 
at 373 K showed high electrical resistivity of 
1×10-2 Ùcm due to amorphous in nature. When 
the films deposited at 423 K the resistivity 
reduced to 4.5×10-3 Ùcm due to polycrystalline 
nature of the films. Further increase of substrate 
temperature to 673 K the electrical resistivity 
decreased to 3.5×10-4 Ùcm due to improvement 
in the crystallinity of the films. 
 

 
Fig.3. Dependence of electrical resistivity on 
Hall mobility of CdIn2O4 films on the substrate 
temperatures. 
 
 Hall mobility of the films increased from         
13 cm2 / V.sec to 29 cm2 / V.sec with the increase 
of substrate temperature from 373 K to 673 K 
respectively. The carrier mobility was also 
increased from 7×1019 cm-3 to 6×1020 cm-3  with 
the increase of substrate temperature from 373 K 
to 673 K. The increase of carrier mobility and 
concentration was due to the improvement in the 
grain size hence decrease in the grain boundary, 
which minimizes the trapping and / or scattering 
of charge carriers at the grain boundary. The 
achieved electrical resistivity and Hall mobility 
values are in agreement with the reported values 
of  rf  magnetron sputtered films2. 
The optical transmittance of the films formed at 
different substrate temperatures is shown in 



fig.4. The optical transmittance at wavelength 
greater than 500 nm increased from 76% to 88% 
with the increase of substrate temperature from 
373 K to 673 K. A sharp decrease in the 
transmittance at shorter wavelength resulted 
from the excitation of the charge carriers across 
the optical band gap. The optical absorption edge 
shifted towards lower wavelength side with the 
increase of substrate temperature.  
 

 
Fig.4. Optical transmittance spectra of CdIn2O4 

films. 
 
The optical band of the films evaluated from the 
transmittance data increased from 3.20 eV to 
3.28 eV with the increase of substrate 
temperature from 373 K to 673 K. The Hall 
mobility measurements indicated that the carrier 
concentration increased with the increase of 
substrate temperature. Blocking of the lower 
states by the free carriers may attribute the 
widening of the optical band gap with the 
increase of substrate temperature to the partial 
fulfillment of the conduction band7. 
 
4. CONCLUSIONS 
  
Thin films of cadmium indate were deposited on 
glass substrates by dc reactive magnetron 
sputtering from metallic cadmium–indium alloy 
target under various sputtering powers, oxygen 
partial pressures and substrate temperatures. The 
films were characterized by studying their 
electrical and optical properties. The influence of 
process parameters such as sputtering power, 
oxygen partial pressure and substrate 
temperature was systematically studied. 
Transparent conducting cadmium indate films 
formed at sputtering power of 45 W, oxygen 
partial pressure of 5×10-4 mbar and substrate 
temperature of 673 K exhibited low electrical 

resistivity of 3.5×10-4 Ùcm high Hall mobility of 
29 cm2 / V.sec high optical transmittance of 88% 
in the visible wavelength range and a wide band 
gap of 3.28 eV. 
 
REFERENCES 
 
1J. F. Wager, Science 300, 1245 (2003). 
2X. Wu, T. J. Coutts and W. Mulligan, J. Vac. 
Sci. Technol A.15, 1057 (1997). 
3B.Li, L.Zeng and F. Zheng, Phys. Stat. Sol.(a) 
205,960 (2004). 
4H. San, B. Li, B. Feng, Y. He and C. Chen, Thin 
Solid Films, 483,245 (2005). 
5P. Mohan Babu, G. Venkata Rao and S. 
Uthanna, Mater. Chem. Phys. 78, 208 (2002). 
6G. Mohan Rao, T. S. Panchapagesan and S. 
Mohan, Appl.Phys. A51,423 (1990). 
7C. G. Granqvist and A. Hultaker, Thin Solid 
Films, 411,1 (2002). 

 
  
 



 
 
 

Sorry!! 
 

This Paper is NOT Available 


	LMD080.pdf
	LMD080.pdf
	References


	SM125.pdf
	Sample
	Band Tail (eV)
	Band Tail (eV)
	Band Tail (eV)


