
waveguides in a plane, we reduce the coupling between each other.
The results obtained let us consider different possibilities using
this architecture to perform planar antennas with specific features.
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ABSTRACT: Microwave properties of conductive polymers is crucial

because of their wide areas of applications such as coating in reflector

antennas, coating in electronic equipments, firequenry selective .surfaces,

EMI materials, satellite communication links, microchip antennas, and

medical applications. This work involves a comparative study of dielec-

tric properties of selected conducting polymers such as polyaniline.

poly(3,4-eth),lenedio.syt2iophene), polvthiophene, polvpvrrole. and

pohparaphenylene diazomethine (PPDA) in microwave and DC,fields.

The inicrowave properties such as dielectric constant, dielectric loss.

absorption coefficient, heating coefficient, skin depth, and conductivity in

the microwave frequency (S hand), and DC fields were compared. PE-

DOT and polccuiiline were found to exhibit excellent properties in DC

field and microwave frequencies, which make thein potential materials
in many of the alorenientioned applications. © 2007 Wiley Periodicals.

Inc. Microwave Opt Technol Lett 50: 504-508. 2008; Published online

in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.

23091

Key words : conducting polymers: microwave properties: cavity pertio-

bation technique

1. INTRODUCTION

Intrinsically conducting polymers are usually extensively conju-

gated molecules. Conjugated polymers are-in their pristine, neu-

tral state-either insulators or wide-gap semiconductors, and some

of them turn into metallic type conductors after a process called

doping. Conducting polymers having str-electron conjugated struc-

ture, such as polyacetylene. polyaniline , polypyrrole, polythio-

phene (PTH), polyfuran (PFU), poly(para phenylene vinylene).

and polycarbazole have been synthesized for exploring them in

many applications [11. The intrinsically conducting polymers have

many physically and chemically desirable features such as light-

weight, processability, structure modification, and electrical con-

ductivity, and, therefore, potential application as microwave active

materials [2]. Microwave properties of conductive polymers is

crucial because of their wide areas of applications such as coating

in reflector antennas, coating in electronic equipments, frequency

selective surfaces, EMI materials, satellite communication links,

microchip antennas, radar, and microwave absorbing materials

[3-5]. Nonbiological materials exhibiting the dielectric properties

of biological tissue at microwave frequencies have been used

extensively to evaluate hyperthermia applicators, assess micro-

wave imaging systems, and determine electromagnetic absorption

patterns, among other applications [6, 7].

A conductive plastic composite that exhibits complex dielectric

properties similar to biological tissues over the electromagnetic

spectrum of 3(H)-900 MHz has been synthesized from compressed

carbon black mixed with a castable thermoplastic [8]. A solid-gel

muscle phantom made of polyacrylamide (PAG) was developed

for use in the short-wave frequency range (13-40 MHz) and was

later adapted for microwave applications by Andreuccetti et at, [9].
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2. EXPERIMENTAL

2.1. Preparation of Conducting Polymers

PTH was prepared by chemical oxidative polymerization of thio-

phene in nitrobenzene solvent using anhydrous ferric chloride

(FeCl3) as oxidant 1101. The polymer was then doped in I M FeC13

solution in nitromethane for 24 h. Poly (3,4-ethylenedioxythio-

phene)-PEDOT was prepared in aqueous dodecyl benzene sulfonic

acid (DBSA) micellar solution using FeCl3 as oxidizing agent [I I].

Chemical oxidative polymerization of aniline was carried out in

aqueous FeC13 solution to get polyaniline [12]. Polyaniline (PANI)

was doped with I M solution of camphor sulphonic acid for 24 h.

Polypyrrole was prepared by the polymerization of pyrrole with

ferric chloride in methanol solvent [13]. The polymer was then

doped with I M FeCI3 solution in nitromethane for 24 h. Polypara-

phenelyne diazomethine (PPDA) was prepared by solution poly-

condensation of paraphenylene diammine and glyoxal trimeric

hydrate in DMF at a molar ratio of 1:1 at 120°C for 5 h. PPDA was
doped with I M solution of HCl for 24 h.

2.2. Testing q/Polviners

DC conductivity of the pelletized samples was evaluated using

Kiethley Nanovoltmeter model-614. The specific resistivity was
calculated as p = (R X A)lt. where, p is the resistivity, R is the
resistance measured, A is the area of the electrode used, and t is the
thickness of the sample. And, Q = lip, where or is the conductivity
of the material. The microwave properties of the polymers in the

powder form in S band (2-4 GHz) were evaluated by cavity

perturbation technique. The transmission-type resonator used in

this experiment was excited with TEIOP mode by connecting it to

an HP8510 C Network Analyzer. The dielectric parameters of the

sample were evaluated from the resonant frequency and the quality

factor of the empty cavity resonator and the loaded cavity. The
resonant frequency f, and the corresponding quality factor Q„ of
each resonant peak of the empty cavity were first determined. Now

after selecting a particular resonant frequency, the dielectric sam-

ple was introduced into the cavity, and the position was adjusted

for maximum perturbation, and the corresponding change in the

frequency of the resonant peak was observed. The new resonant

frequency./;, the corresponding 3 dB bandwidth and the quality

factor Q, were determined The microwave properties were calcu-

lated using the equations [14, 15] given below (1-7) where Cr' is

the dielectric constant s,." is the loss factor, Ett is the permittivity of
free space, cat is the absorption coefficient, Sr is the penetration

depth, ire is the conductivity, J is the heating coefficient, c is the
velocity of light, VV is the volume of the cavity, and V, is the
volume of the sample.

A - f VCE ' = 1 + JO (S

2/S VS (1)

En _ Vc - QS]-
4 QoQ$

(2)

I
J=

e, tan 6

Er 7.

a,=-
nc

(3)

(4)

o-, = 27rfr0e," (5)

Er„

tans=- (6)
e.,

s,,=a (7)

3. RESULTS AND DISCUSSION

3.1. Microwave Properties

Dielectric Constant (Cr')

The dielectric constant of different conducting polymers at S band

frequency was compared in Figure 1. Figure shows that dielectric

constant decreases with increase in frequency. This is due to the

orientation polarization in the microwave field. The polarization is

caused by the alternating accumulation of charges at interfaces

between different phases of the material. This dipole polarization

may be related to the"frictional" losses caused by the rotational

displacement of molecular dipoles under the influence of the

alternating electrical field. As the frequency of the applied field is

increased, the polarization has no time to reach its steady field

value and the orientation polarization is the first that falls. Because

of the orientation polarization of the dipoles, the possibility of

dielectric relaxation (so also dielectric loss) cannot be ruled out at

higher frequencies. This might result in the decrease of e,' with

frequency [16-17]. It was also clear from the figure that the

dielectric constant was highest for PEDOT, and lowest for PPDA.

In conducting polymers conductivity is not constant along the

conducting paths and that several relaxation times may coexist.

The distribution of conductivity leads to a dispersion of e' and cr

without any polarization phenomenon. So, the large dielectric

constants measured at low frequency in conducting polymers may

also be linked to the heterogeneity of materials in the form of a

conductivity variation along the conducting path. At low fi-equen-

cies, the different polarizations (electronic, atomic, and dipolar

polarizations) contribute to a high permittivity e' value, beyond

that each kind of polarization will create one resonance or one

relaxation process and e' decreases.

3.2. Dielectric Loss (e,.")

The dielectric loss of different conducting polymers at S band

frequency was compared in Figure 2. The reorientation of the

unassociated groups, because of their high dipole moment, is

believed to be a major contributor to the dielectric loss (e,"). At

higher frequency, the rotatory motion of the molecules may not be

1

2.4 2.6 2.8

Frequency(GHz)

3

8 4-

2.2

-t PEDOT -s- PPDA -'A-- PTH- PANI --.__P PY

Figure 1 Variation of dielectric constant with frequency for various
conducting polyincrs. PEDOT, PPDA, PTH. PAN!, and PPY



Freq uency(GHz)

-♦-PEDOT -a-PPDA --* PTH- PANI =nt-PPY

Figure 2 Variation of dielectric loss with frequency for various conduct-
ing polymers. PEDOT, PPDA, PTH, PANI, and PPY

sufficiently rapid for the attainment of equilibrium with the field.

The polarization then acquires a component out of phase with the

field, and the displacement current acquires a conductance com-

ponent in phase with the field, resulting in thermal dissipation of

energy. When this occurs, dielectric losses will be generated.

Dielectric loss tends to increase with increase in frequency range

2.4-2.9 GHz. As the frequency is increased, the inertia of the

molecule and the binding forces become dominant, and it is the

basis for high-dielectric loss at higher frequencies. The dielectric

loss factor leads to so-called conductivity relaxation. From Figure

2, it was clear that the conductivity of the polymers follow the

order PEDOT > PANI > PTH > PPY > PPDA. The contribu-

tions of conduction and polarization mechanisms on dielectric loss

can be separated s" = s" conduction + s" polarization. The value

of s" polarization is related to the molecular polarization phe-

nomena such as dipole rotation (Debye model), space charge

relaxation (Maxwell-Wagner model), and hopping of confined

charges. The physical origin of this polarization term is often

ambiguous [18. 191.

32.1. Loss Tangent (tan 8)
The tan 8 is commonly employed as a direct measure of the
dielectric loss, which in turn provides a measure of the conduc-
tivity. Angle 6 is the angle between the vector for the amplitude of

the total current and that for the amplitude of charging current, and

the tangent of this angle is the loss tangent [20]. Becasue it is

Frequency (GHz)

2.4 2.6 2.8 3

1-*- PEDOT -.- PPDA -e-PTH -)-PANI -alt-PPY

Figure 3 Variation of loss tangent with frequency for various conducting

polymers. PEDOT, PPDA. PTH. PANI, and PPY

0 i-

2.2 2.4 2.6 2.8 3

Frequency (GH2)

-+- PEDOT --a- PPDA --r- PT H -)( - PANI - PPY

Figure 4 Variation of absorption coefficient with frequency for various
conducting polymers. PEDOT, PPDA, PTH. PANI, and PPY

directly related to the dielectric loss, it shows the same behavior as

that of dielectric loss. Figure 3 shows that the loss tangent of

conducting polymers increases with the increase in frequency.

3.2.1. Absorption Coefficient (a)

Materials can be classified in terms of their transparency of wave

passing through it, which in turn specify the absorption of elec-

tromagnetic waves when it passes through the medium [211. The

transparency is defined by the parameter, absorption coefficient.

Absorption coefficient is directly related to the dielectric loss

factor, and therefore it shows the same behavior as dielectric loss.

Figure 4 shows that PEDOT shows highest absorption coefficient

followed by PANI, PTH, PPY, and PPDA.

3.2.2. Conductivity (or)

The microwave conductivity is a direct function of dielectric loss,

and so it shows a similar variation with frequency as the dielectric

loss factor. Figure 5 shows that conductivity increases with fre-

quency. Here, also the trend continues with PEDOT showing the

best conductivity followed by PANI, PTH, PPY. and PPDA suc-

cessively.

2.4 2.6 2.8

Frequency (GHz)

3

- -PEDOT -PPDA -e- PTH -PANI -*PPY

Figure 5 Variation of conductivity with frequency for various conduct-
ing polymers. PEDOT, PPDA. PTH, PANI, and PPY
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Figure 6
Variation of heating coefficient with frequency for various

conducting polymers. PEDOT, PPDA, PTH, PANI, and PPY

3.2.3. Dielectric Heating Coefficient (J)

As the heat generation in polymers is due to relaxation loss, the

efficiency of heating of a polymer is compared by means of a

heating coefficient [22] J. Higher the J value, poorer will be the

polymer for dielectric heating purposes. Of course, the heat gen-

erated in the polymeric material comes from the loss tangent, but

that loss may not come entirely from the relaxation loss. Rather,

conductivity of the polymeric material may also contribute to the

tan S. This situation may be compared with ohmic heating of

metals [17]. The heating coefficient is inversely related to the loss

tangent, and hence it decreases with increase in frequency. It was

clear from the Figure 6 that PEDOT was an efficient material for

heating applications because it shows minimum heating coeffi-

cient. It was also clear that heating coefficient follows the order
PEDOT < PANI < PPY < PTH PPDA.

3.2.4. Skin Depth (S,)

Figure 7 shows that skin depth decreases with the increase in

frequency. It is the effective distance of penetration of an electro-

magnetic wave into the material. It can be applied to a conductor

carrying high-frequency signals. The self inductance of the con-

ductor effectively limits the conduction of the signal to its outer

shell and this shell thickness is the skin depth, which decreases

with the increase in frequency. PEDOT shows the lowest skin
depth compared to all other polymers.

2.2 2.4 2.6 2.8

Frequency (GHz}

3

o PEDOT a PPDA PTH )f PANI -f- PPY

Figure 7
Variation of'skin depth with frequency for various conducting

polymers. PEDOT, PPDA, PTH, PANI, and PPY

TABLE 1 DC Conductivity of the Polymer Samples

N -------------o. Sample
Dopant Conducti i

I

v ty (S/m)

23

4

5

PPDA

PTH

PEDOT

PANI

PPY

HCl
Fec13

Fecl3 &DBSA
CSA
Fec13

1.36 X 10'
4.76 X 10
26.41

7'1. 252s x to-1

3.2. DC Conductiu'ity

DC conductivity of the polymer samples are shown in Table 1. The

DC conductivity of PEDOT was found to be very high compared

to all other conducting polymers and the conductivity follows the

order PEDOT > PANI > PTH > PPY > PPDA. PANI and

PEDOT are reported to show very good DC conductivity. In the

case of PEDOT synthesized in DBSA micellar solutions, DBSA-

FeC13 complex is expected to be formed. The anchoring efficiency

of dodecylbenzene sulfonate anion with iron (Ill) on the PEDOT

particles seems to increase the doping of the bulky anionic surfac-
tant and gives good conductivity [I I].

4. CONCLUSIONS

Dielectric constant, dielectric loss, conductivity, absorption coef-

ficient, heating coefficient, loss tangent, and skin depth of con-

ducting polymers such as PEDOT, PTH, PANI, and PPDA are

studied and compared at S band frequency. It was found that

dielectric constant, dielectric loss, tan S, conductivity, and absorp-

tion coefficient of the conducting polymers show a trend in the

order PEDOT > PANI > PTH > PPY > PPDA. But heating

coefficient and skin depth of the conducting polymers show a trend
in the reverse order PEDOT < PAN1 < PTH < ppY < PPDA.

Comparing the different polymers, better microwave properties are

shown by PEDOT and PANI. Dielectric constant, heating coeffi-

cient, and skin depth tend to decrease with the increase in fre-

quency, and dielectric loss, conductivity, loss tangent, and absorp-
tion coefficient increases with frequency in S band. DC

conductivity of the conducting polymers also show a similar trend

as in the case of AC conductivity PEDOT > PAN1 > PTH >

PPY > PPDA. The dielectric properties of some important con-

ducting polymers in the microwave and DC fields were success-
fully evaluated.
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ABSTRACT: Long and thick dipoles are presented, with a.feeding

point located off the centre. Parameter studies are performed. showing

that asymmetric radiation patterns with a main lobe in a preferred di-

rection can be achieved. F_aperirnental results confirm the feasibility of

these antennas and illustrate possible applications. © 2007 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 50: 508-511, 2008;
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1. INTRODUCTION

Dipoles are commonly used antennas in communication systems

due to their simplicity, their quite wide bandwidth, and their

omnidirectionnal radiation pattern in the plane normal to the axis

of the dipole. Many developments have been made on centre-fed

dipole of negligible diameters, finite diameters, and various

lengths 11-31. The thick dipoles have a wider bandwidth than the

thin ones and the radiation pattern of dipoles longer than a wave-

length presents more than two lobes (the number of lobes increases

with the length) [3]. As the driving point is off the dipole centre,

the current distribution along the dipole becomes asymmetric and

hence the radiated fields too [4]. For dipoles with a negligible

diameter, the longitudinal current distribution is usually assumed

to be of sinusoidal form and hence the radiation patterns can be

fast calculated. When the diameter is not negligible, in particular

for thick dipoles, EM codes are required to achieve accurate
results.

In the area of instrumentation of projectiles for in-flight telem-

etry, some specific requirements for the antennas depend on the

physical dimensions of the projectile and of the test configurations.

In particular the antenna integration should not modify the flight

characteristics by changing the mass distribution of the projectile

and so the position of its center of gravity. In this article, we

propose the design of an antenna using the body itself of an

instrumented projectile to constitute an asymmetric long dipole. In

fact the work frequency is in the S-band and more precisely should

be between 2200 and 2350 MHz (the wavelength in free space A

is about 130 mm at f = 2300 MHz). The caliber of the projectile
is d = 30 mm (0.23A at 2300 MHz) and its length 1 = 300 min

(2.3A) [5]. Considering this last value the projectile can be con-

sidered as a long dipole and we expect to obtain a multilobe

radiation pattern with a main lobe steered from the direction

perpendicular to the dipole axis [3]. Moreover, the feeding of the

dipole is not located at its centre but placed preferably at a given

position on one branch of the dipole to obtain an asymmetric

radiation pattern with a main lobe lateral and toward the back.

The characteristics of a long dipole of length 1 = 2.3A are

presented in a first section. The two branches are of same length.

The influence of the diameter on the radiation patterns is investi-

gated and the possibility to use a simple model of an infinitesi-

mally thin dipole is also treated. In a second time, the asymmetry

of the dipole is used by moving the feeding position to obtain a

main lobe in one preferred direction. The influence of the feed

location on the impedance is investigated. The final design and

measured results are presented in a third and last point. In partic-

ular, the advantages of having a thick dipole (imposed by the

projectile caliber) on the bandwidth of this antenna are demon-
strated.

2. SYMMETRIC LONG DIPOLE

In this section. the characteristics of a linear cylinder of diameter

at and of length 1 = 300 mm are investigated at frequency ./'= 2300

MHz (A = 130 mm). The simulations are performed with the

software Ansoft HFSS [6]. based on the finite-element method.

The metallic cylinder is cut in two branches separated by a dielec-

tric material at distance h from the centre (Fig. I). The thickness of

this material is h, = 6 mm and its relative permittivity is Er = 3.5

(tan S = 0.01). The feeding is obtained with a 50-1I coaxial line

located inside one branch and whose inner conductor is connected

to the other branch, whereas the outer connector is connected to
this precise branch.

First, the influence of the thick diameter is investigated. There-

fore a centre-fed dipole (h = 0) is simulated, which three different
values of diameter d = 1/50 = 6 mm, d = 1/10 = 30 mm, and d =

1/5 = 60 mm. The normalized radiation pattern of an infinitesi-

q

-1/2 0 h-hj2 h+hj2 1/2

Figure 1 Description of the long asymmetric dipole

M

► x

508 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 50, No. 2, February 2008 DOI 10.1002/mop


	page 1
	page 2
	page 3
	page 4
	page 5

