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Chairman Welcomes You

Dear friend,

I cordially invite you to attend the Antennas and
Propagation Symposium (APSYM 2008, the 11™ in the
biennial series started science 1988. Your presence and
participation in APSYM 2008 will definitely be an event

for us to remember for years to come. Over fifty papers
are scheduled to be presented during APSYM 2008. All
the information about the advance program is available
The
committee have planned an excellent technical

at  www.doe.cusat.edu/apsym. Organising

programme with a number of invited talks by eminent

scientists in the field.
Chronology of APSYM's

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

Sl.  Symposium Date of Number Number of
No. Symposium of Papers  Invited talks

1 APSYM-1988  Dec. 15-17- 1988 42 2

2 APSYM-1990  Nov. 28-30- 1990 51 10

3 APSYM-1992  Dec. 29-31-1992 91 2

4  APSYM-1994  Nov.17-19-1994 75 6

5  APSYM-1996  Nov.01-02-1996 4 2

6  APSYM-1998  Dec.15-16-1998 57 1

7  APSYM-2000  Dec.06-08-2000 71 3

8  APSYM-2002  Dec.09-11-2002 &4 10

9  APSYM-2004  Dec.21-23-2004 55 4

10 APSYM-2006  Dec.14-16-2006 o4 16

11 APSYM-2008  Dec.29-31-2008 50 7

12 APSYM-2010  Dec.08-10-2010 Scheduled

Wishing you all a warm welcome once again and hoping very fruitful discussions in the sessions.
I look forward to seeing you at APSYM 2008 in Cochin.

Cochin
November 28, 2008

Centre for Research in Electromagnetics and Antennas CREMA

-

Prof. K.G. Nai
SEARCH
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In Memory of Prof. K.C. Gupta

Dr. Kuldip Chandra Gupta, distinguished educator, dedicated
Microwave Scientist and past president of the IEEE Microwave
Theory and Techniques Society passed away on 7 February
2007 in Mumbai, India, at the age of 66. The Microwave
community has lost an outstanding contributor.

Born on 6 October 1940 at Risalpur in India, he studied
electrical communication engineering at the Indian Institute of
Science, Bangalore, India, receiving both a first degree (D.I.1.Sc.)
in 1961 and the Master’s degree in 1962. Following that, he
worked at Birla Institute of Technology and Science in Pilani,
India, where he received the Ph.D. degree in 1969.

A recipient of numerous awards, he has several well referred
books and journal publications to his credit.

Our tributes to this great Indian scientist. He’ll be deeply
missed by the Microwave family.

Centre for Research in Electromagnetics and Antennas CREMA
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Remembering a pioneering Indian scientist

"It is the invention which is of importance for the mankind, not
the inventor"

This year we commemorate the 150™ birth anniversary of the talented Indian genius Acharya
Jagadish Chandra Bose (1858-1937), widely recognized as the first scientist who demonstrated the
phenomenon of wireless transmission of electromagnetic waves. His range of interests varied from
Physics to Plant sciences. Elected Fellow of the Royal Society on May 13, 1920, he is internationally
famous as the father of modern wireless communication.

The Daily Chronicle of England noted in 1896: “J.C. Bose has transmitted signals to a distance of
nearly a mile and herein lies the first and obvious and exceedingly valuable application of this new
theoretical marvel. Bose was also the first to use a semi-conducting crystal as a detector of radio

waves.” But unfortunately, the person who, after a prolonged and dedicated research actually
explained the origin of radio waves and their characteristics, remained overshadowed in the
history of science. However, recently IEEE has given the credit of this invention to this Indian
Scientist. Sir J.C.Bose’s alma mater, the Christ’s College, Cambridge has also recognized his
contributions to both Physics and Physiology.

The members of Centre for Electromagnetics and Antennas (CREMA) of Department of Electronics,
Cochin University of Science & Technology accolade you sir for your genius inventions in different

non correlating field of science. Sir, the great legacy that you left behind remains an inspiration for
us and the generations to come.

Centre for Research in Electromagnetics and Antennas CREMA
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RESEARCH SESSION 1

MICROSTRIP ANTENNAS
Chair: Dr. S.N. Joshi, CEERI, PILANI.
No Title Page
1.1 Experimental studies of circular microstrip radiator backed by 715

cylindrical cavity
Manotosh Bishwas, Jawad Y. Sidhiqui and Debatosh Guha.
Institute of Radio Physics and Electronics, University of Kolkata, Kolkata.
mbiswas@iee.org, dguha@ieee.org, jawadsiddiqui@rediffmail.com
1.2 Dual polarized stub loaded compact microstrip antenna 19
A Deshmukh and *K.P Ray
IT Department, DJISCOE, Mumbai
amitdeshmukh76@yahoo.com
*RFMS, SAMEER, IIT Campus, Mumbai kpray@rediffmail.com
1.3 Analysis of half E-shaped patch for wide band applications 23
J.A Ansari, S.K Dubey, Anurg Mishra and *B.R Viswakarma
Dept. of Electronics and Communication, University of Allahabad, Allahabad, *Dept. of
Electronics Engg., IT BHU, Varanasi. jaansari@yahoo.co.in
1.4 Broad band L-probe fed E-shaped microstrip antenna 27
Amit A. Deshmukh, *P.N Chine and **K.P Ray
IT Dept.,D.J Sanghvi College of Engg., Vile Parle, Mumbai
amitdeshmukh76@yahoo.com
*ARDI, DRDO, Pashan, Pune
pnchine@hotmail.com
**RFMS, SAMEER, IIT Campus, Powai, India
kpray@rediffmail.com
15 Enhanced gain transistor integrated active microstrip antenna 32
Swetha Sreevastava and Anikhi Chowdhary
Dept. of ECE, BIT, Mersa, Ranchi
Shwetasri_76@rediffmail.com
1.6 Analysis and design of compact dual band square patch antenna for 37
wireless applications
T. Shanmuganadhan and S. Raghavan
Dept. of ECE, NIT, Thiruchirappally, Tamil Nadu,
shanselvi@rediffmail.com , raghavan@nitt.edu
1.7 Ann solution of PDE for regular microstrip antennas 42
Sridhar Pattnaik and R.K Mishra
Dept of Electronic Science,Berhampur University,Berhampur
Sridhar pattanaik@yahoo.co.in
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EXPERIMENTAL STUDIES OF CIRCULAR MICROSTRIP RADIATOR
BACKED BY A CYLINDRICAL CAVITY

Manotosh Biswas, Jawad Y. Siddiqui and Debatosh Guha

Institute of Radio Physics and Electronics, University of Calcutta,
92, A.P.C. Road, Kolkata 700009, India
E-mail: mbiswas@ieee.org, dguha@ieee.org, jysiddiqui@ieee.org

ABSTRACT:

In this paper we have investigated the effect of cavity diameter and wall height
on resonance and radiation characteristics of a circular microstrip patch
antenna. Experiments were conduct ed using a fabricated prototype pl aced
inside a cy lindrical cav ity. The r esults w ere co mpared and ver ified w ith
simulated data obtained using an electromagnetic simulator. About 9.6 to 10.5
dBi peak gain was obtained from measured and simulated data.

INTRODUCTION:

The microstrip antenna is the primary choice for modern wireless and mobile
applications due to its lightweight, low volume, thin profile and low fabrication cost. But the
miniaturized configurations demand for small or limited ground plane, which causes severe
degradation in antenna ef ficiency and r adiation char acteristics. U se of a s uitable metallic
cavity enclosure or cavity backing may help in many cases. As such cavity backed microstrip
radiator has gained significant importance over the last decade due t o their compact shape,
minimum surface wave loss, reduced backward radiation and enhanced gain. Cavity backed
patch antenna has been investigated by different researchers [1]-[7] for improving the printed
circuit performances. But in those studies, the researchers ignored the e ffect of cavity
diameter and wall height on the performance of the antenna characteristics. Moreover, in all
those studies a variable air gap was introduced between the substrate and the ground plane. In
our work we considered studying the ignored aspects and t horoughly investigated the effect
of cavity wall height and cavity diameter on the antenna performance. Measurements were
performed u sing prototype circular patches fabricated on T aconic s ubstrates and pl aced in
cylindrical cavity of wall height, e and diameter d. Experiments were conducted using HP-
E8363B vect or net work anal yzer and as tandard X band r adiation pat tern measurement
bench. The measured data were compared and verified with simulated data obtained using an
electromagnetic simulator [8].

ANTENNA CONFIGURATION:

The cavi ty backed ci rcular microstrip pat ch ( CBCMP) ant ennai ss hown
schematically in Fig.1 with a circular patch of radius a placed inside a cylindrical cavity of
wall height, e and diameter d. Fabricated prototype of a circular patch, shown in Fig. 2(a),
was etched on a Taconic TLY-3-0620 substrate having dielectric constant (&) = 2.33, tan d=
0.001, thickness (h) = 1.575 mm and placed on a ground plane without any air gap. The py
was designed to operate around 9.8 GHz using the formulas in [9]. The patch was excitee@l
a SM A (Radiall-R125-462-001), located at a radial distance 7 =2.0 m m determined as the
matched 1 ocation as det ermined from [ 10].The pat ch w as encl osed in a ¢ ylindrical cav ity

2(b) having inner diameter d = 28.8 mm, wall thickness (t) = 1.78 mm and

height, e.

15
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RESULTS AND DISCUSSION:

The per formance anal ysis of the fabricated CBCMP w as conducted experimentally
on a HP-E8363B vector network analyzer. Simulated results obtained using a co mmercially
available electromagnetic simulator [ 8] was compared and verified with the measured data.
Some representative plots are shown in this section.

Figure 3 depicts the effect of wall height (e) on the S;; minima characteristic. From
the figure it is evident that the variation of e has some effect on the resonance peak as seen
from S;; minima characteristic. Though, no significant change in the resonant frequency is
accounted.

Figure 4 s hows the co mpression studies of simulated and measured peak gain with
cavity wall height, e. As seen from the plot, the measured and simulated peak gain is obtained
at e = 12.0 mm with a gain of 9.6 dBi and 10.0 dBi, respectively.

The effect of cavity diameter on peak gain is shown in Fig. 5. Keeping the cavity wall
height optimum i.e. € = 12.0 mm, the peak gain for varying cavity diameter is obtained at d =
32.0 mm and is found to decrease above or below that value of d. The peak gain obtained for
d =32 mm s 10.5 dBi.

CONCLUSION:

The ef fect of the cavi ty di ameter and w all hei ght on a ¢ ircular microstrip pat ch
antenna encl osed in a cy lindrical cav ity without any air gap i s investigated in this paper.
Extensive experiments on a prototype patch placed inside a fabricated cylindrical cavity were
conducted. The measured results were compared and verified with simulated data. Peak gain
of 9.6 dBi and 10.5 dBi were obtained from the measured and simulated data, respectively.
Optimum cav ity di ameter and w all hei ght w ere al so revealed from the investigation. T he
results presented in the paper thus appear to be highly informative particularly for the purpose
of design of high gain antenna and practical implementation.
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8. Ansoft’s high frequency structure simulator (HFSS) V 9.2.

9. D. Guha, “R esonant frequency of circular microstrip antennas w ith and without air
gaps,” IEEE Trans. Antennas and Propagation, vol. 49. no.1, pp.55- 59, Jan. 2001.
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(a) (b)

Fig.2. Photographs of (a) fabricated patch on limited ground plane;
(b) cylindrical metallic enclosure to be fitted surrounding the brass-
made ground plane.
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Abstract: The dual pol arized s tub 1 oaded C-shaped and s horted L -shaped
Microstrip antennas for dual and triple frequency and dual polarized response
are pr oposed. T he ant enna r esponse i s ver ified exper imentally and goo d
agreement is obtained between simulated and theoretical results.

1. INTRODUCTION

The dual band microstrip antenna (MSA) is realized by placing the open circuit nearly
quarter wavelength stub on the edge of the patch or by cutting a resonant quarter wavelength
or hal f w avelength s lot ont he edges or inside the patch|[ 1,2]. The s tub of fers ei ther
capacitive or inductive impedance around the resonance frequency of the MSA and realizes
dual frequency response. The slot adds another resonant mode near the patch resonance and
gives dual frequency r esponse. T he com pact M SA i st ealized by cut tingas lotat an
appropriate pos ition inside the patch [ 1]. The slot 1 engthens the 1ength of excited surface
current and reduces the resonance frequency. T he compact C -shaped M SA is obtained by
cutting a slot on the non-radiating edges of the rectangular MSA (RMSA) and the shorted L-
shaped M SA is obtained by placing the shorting posts along the zero field line of C-shaped
MSA [3]. In this paper, dual band and dual polarized stub loaded C-shaped and s horted L-
shaped MSAs are proposed. These MSAs are fabricated on glass epoxy substrate (e, =4.3, h
=0.159 cm, and tan d = 0.02) and w ere first analyzed using IE3D software followed by the
experimental verifications [4].

2. STUB LOADED C-SHAPED MSA

The stub loaded C-shaped MSA is shown in Fig. 1(a). To ensure the symmetry of the
configuration, two stubs are placed on the two edges of the C-shaped MSA as shown in the
figure. All the dimensions shown in figure are in cm. The designed guidelines for the given
two frequencies for stub loaded RMSAs are reported [5]. Since the C-shaped MSA is derived
from the RMSA, therefore the same guidelines are used. The resonance frequency of the C-
shaped M SA for the given slot dimensions is calculated using the equations reported in [6].
Using this frequency and t he design equations for stub loaded RMSA, the stub dimensions
for two frequencies are calculated. For the dimensions shown in figure, the simulated input
impedance and VSWR plots are shown in Fig. 1(b). The dual frequencies and B Ws are 663
and 1012 M Hz and 12, 14 M Hz, respectively. H owever anot her frequency is seen at 900
MHz with a BW of 13 MHz. To understand the mode distributions at various frequencies this
MSA is analyzed using its multi-port network model (MNM) as shown in Fig. 1(c). [t was
observed f rom t he vol tage d istributions w hich i s obt ained us ing M NM at all the t '
frequencies, that the first (f;) and third (f3) frequencies are due to the stub loaded patch modes
whereas the second frequency (f,) is due to the orthogonal patch mode. The antenna response
is experimentally verified. The measured dual frequencies and BWs are 670, 1110 M Hz and

respectively. T he m easured or thogonal frequency and its BW is 911 anc
MHz, respectively. The radiation pattern at f; and f3 are in the broadside direction with the
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cross-polarization levels less than 15 dB as compared to that of the co-polar levels. At f; and
f,, the E and H-planes are aligned along F = 90° and 0°, respectively, whereas at f3, the E and

H-plane are aligned along F = 0° and 90°, respectively.
3. STUB LOADED L-SHAPED MSA

By placing the shorting post along the zero field line of the C-shaped MSA, a shorted
L-shaped MSA is realized. By placing the open circuit nearly quarter wavelength stub on the
edges of shorted L-shaped MSA, a dual band and dual polarized MSA is obtained as shown
in Fig. 2(a). T he s horted L -shaped M SA w ithout the s tub has nearly the s ame r esonance
frequency as that of the C-shaped MSA therefore for the required dual frequencies the stub
dimensions ar e cal culated us ing t he r eported des ign equat ions for dual band s tub I oaded
MSA. T he s imulated dual frequencies and B Ws ar e 620, 1154 M Hzand 9,20 M Hz,
respectively as shown in Fig. 2(b). The measured dual frequencies and B Ws are 633, 1182
MHz and 9, 17 M Hz, respectively as shown in Fig. 2(c). The MN model of shorted L-shaped
MSA is also developed. The orthogonal polarization is due to the reverse direction of surface
currents due to the stub at the two frequencies. For the shorted L-shaped MSA, the E and H
planes are aligned along F = 135° and 45°, respectively. Similarly for stub loaded shorted L-
shaped MSA atf), the E and H-planes are aligned along F =135° and 45°, respectively
whereas at f,, E and H-planes are aligned along F = 45° and 135°, respectively.

4. CONCLUSION

The dual ban d and dual p olarized C -shaped and s horted L -shaped M SAs are
proposed. The MN models for these MSAs are also developed. A good agreement is obtained
between the simulated, measured and MNM results.
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ABSTRACT :

In the present paper a half E-shaped patch cut symmetrically from a E-shaped

patch [ 6] has been anal ysed using equi valent circuit model based on modal
expansion cavity model. Proposed anal ysis is compared to experimental [ 6]
and simulated results using IE3D.

INTRODUCTION :

Microstrip a ntenna ha ve attractive features of low pr ofile a nd light w eight and
conformal to mounting structures but two most serious limitations of the microstrip antenna
is its low gain and narrow bandwidth. T o increase the bandwidth several approaches have
been made. U -slot 1oaded patch [ 1], V-slot loaded patch [2], W -shaped patch [ 3] S-shaped
antenna [ 4], a nd E —shapes pat ch an tenna [ 5] ar e ve ry popul ar w ideband oper ation.
Bandwidth enhance ment w ith size reduction is beco ming a major design c onsideration for
most practical applications of the microstrip antenna for wireless communications.

In the present paper a half E-shaped patch cut symmetrically from a E-shaped patch
[6] has been analysed using equivalent circuit model based on modal expansion cavity model.
Proposed analysis is compared to experimental [6] and simulated results using [E3D.

THEORETICAL CONSIDERATIONS:

The geometry of proposed half E-shaped patch antenna is shown in Fig.1. A simple
patch can be analysed as a parallel combination of Ry, L, and C; (Fig. 2), where Ry, L, and C,
is given in term of antenna dimension [7].

‘e

L

Fig 1 Top view of half E-shaped patch antenna
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Z
E; Ly — C; [J P
[a]
(1) Equivalent circuit of a simple rectangle patch (ii) Equivalent of (i)

Fig 2 Equivalent circuit of a simple rectangle patch
A hal f-E shaped patch is half of the symmetrically E -shaped patch [6]. This patch
can be analysed as a notch (Is X s ) cut on radiating edge which is not equidistant from both
ends. With the effect of non-equidistant notch, current length of the patch is increased. Due
to this the equivalent circuit of the patch has additional s eries inductance AL and series
capacitance AC . Now the modified circuit is shown in Fig. 3.

L —=¢C=

& I
AL T 8¢

(i) (i1)

Fig 3 Equivalent circuit due to effect of notch

This notch loaded patch has two resonant circuits. These two resonators are coupled
through the coupling capacitor resulting into a wideband.

Expression for notch inductance AL is given by [9]. The capacitance AC between
upper and lower wing can be calculated by [10] C, is the coupling factor between the two
resonators .

Due to the effect of notch inductance ( AL ), notch capa citance (AC ) and gap
capacitance the total impedance of the notch loaded half —E shaped patch can be cal culated
from Fig. 4.
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C

Fig 4 Equivalent circuit of half E-shaped patch

Fig 5 Current distribution of half E-shaped patch (Ls=32 mm, s=6 mm, px=8 mm)

Impedance of simple patch Z, = I !
- - + joC,
R, JjoL
Impedance of patch with gap capacitance Z, =— ! + 1 !
JoCe Ly 4 joC,
R, Jjol,
1
Impedance due to eftect of notch Z,; = ]
—+ -+ joC '
R jolL
Now total impedance of the notch loaded patch is given as
_ Z, 25
T Z,
DISCUSSION OF RESULTS

The variations of VSWR as a function of frequency for Half-E shaped patch are shown
in Fig. 6 and 7 along with simulated and experimental results.
SEARCH
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Fig 6 Variation of VSWR with Fig 7 Variation of VSWR with frequency
frequency of Half-E-shaped patch of Half-E-shaped patch
and full E-shaped patch

It is observe that the bandwidth of the hal f-E shaped patch is 24.85 % (Theoretical),
24.3 % simulated, 24.17% experimental compared to full E-shaped patch which is 25.07%. It
may be mentioned that the results of the proposed theory is almost in good agreement with the
experimental and simulated results (Fig. 7). Further there is a reduction of antenna size by
50%. This result is also corroborated with current distribution figure shown in Fig. 5.
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ABSTRACT:

Broadband L -probe fed RMSA i s di scussed and br oadband L -probe fed E -

shaped Microstrip antenna is proposed. Also the compact and broadband half E-
shaped M icrostrip ant ennai s pr oposed. T hese br oadband ant ennas gi ve
broadside radiation pattern with higher gain.

1. INTRODUCTION:

Broadband microstrip antenna (MSA) is realized by using multi-resonator gap-coupled
or stacked configurations, in which parasitic patches of slightly different resonant frequencies
are coupled to the fed patch [1]. However, use of parasitic patches increases the overall antenna
size. When the resonant slot is cut inside the patch, it adds another resonant mode near the
patch resonance and increases the bandwidth (BW) by retaining the same patch size [2]. These
slotted M SAs r equire thicker s ubstrates, w hich can be r educed b y us ing di fferent f eeding
techniques like L -probe feed [ 2]. In this paper, the broadband L -probe fed rectangular M SA
(RMSA) i s di scussed and br oadband L -probe f ed E -shaped M SA i s pr oposed. A Iso the
compact and broadband L -probe fed hal f E-shaped M SA is proposed. All these M SAs have
been fabricated on glass epoxy substrate (e, = 4.3, h=0.159 c¢cm, and tan d = 0.02) and they are
used in suspended configuration, in which patch fabricated on glass epoxy substrate is
suspended above the ground plane with finite air gap. The M SAs have been first analyzed
using IE3D software followed by the experimental verifications in some of the cases [3].

2. L-PROBE FED RMSA

The broadband L-probe fed RMSA is shown in Fig. 1(a, b). The L-probe fed RMSA is
equivalent to the stacked configuration of folded monopole and RMSA and the detailed design
analysis of the antenna is reported [4]. The RMSA is fabricated on glass epoxy substrate and it
is stacked op top of the L-probe feed. The horizontal portion of the L-probe is fabricated on
glass epoxy substrate. For broader BW, the horizontal and vertical lengths of the L-probe feed,
air gap between the L-probe and RMSA and the horizontal separation between them are
optimized. The simulated BW is 225 MHz (25 %) whereas the measured BW is 180 MHz (20
%) as shown in Fig. 1(c). The difference between the measured and simulated results is due to
the fabrication errors. The radiation pattern is in the broadside direction with lower cross
polarization levels with the gain of more than 8.5 dBi over the entire BW. This configuration

has more BW as compared to that of the stacked RMSA with same total thickness. SEARCH
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3. L-PROBE FED E-SHAPED MSA

The br oadband E -shaped MSA i s ob tained by cut ting apai r of nea rly quar ter
wavelength rectangular s lots on one of the radiating edges of the RMSA [2]. This MSA is
stacked on top of L-probe MSA to realize the L-probe fed E-shaped MSA as shown in Fig. 2(a,
c). In this configuration, total three resonance frequencies are present, w hich are due to the
patch mode, pair of slots mode and the L-probe mode. This broadband MSA is designed using
the air substrate and the patches are suspended above the ground plane using the foam spacers.
For optimizing this configuration for broader BW, the horizontal and vertical lengths of the L-
probe, air gap bet ween the L -probe and E -shaped M SA, t he hor izontal s eparation bet ween
them and the slot dimensions are optimized. The simulated BW is 194 MHz (22 %) whereas
the measured BW is210 M Hz (24 %) as showninFig. 3. T he radiation pattern is in the
broadside direction with cross polar level less than 15 dB as compared to that of the co-polar
level in the broadside direction. The MSA has gain of more than 9 dBi over the operating BW.
This conf iguration w hen des igned on s uspended gl ass epo Xy s ubstrate f or t he s ame t otal
substrate thickness gives more BW as compared to that of the L-probe fed RMSA.

4. COMPACT L-PROBE FED HALF E-SHAPED MSA

The half E-shaped MSA is obtained by using the symmetry of E-shaped MSA along the
feed point axis [5]. The half E-shaped MSA is stacked on top of L-probe feed as shown in Fig.
4(a, b). The MSA is optimized for the same total substrate thickness as that of the L-probe fed
E-shaped MSA. The simulated BW is 170 MHz (18%) as shown in Fig. 4(c). The gain is more
than 6 dBi over the operating BW which is less than 3 dB as compared to the E-shaped MSA
which is due t o the reduced aperture area. The radiation pattern is in the broadside direction
with cross-polar level less than 10 dB as compared to that of the co-polar levels. However they
increase towards the higher frequencies due to the asymmetrical structure.

5. CONCLUSIONS

The broadband L -probe fed RMSA is discussed and br oadband L-probe fed E-shaped
MSA and half E-shaped MSA are proposed. For the E-shaped MSA, the radiation pattern is in
the broadside direction with cross-polar level less than 15 dB as compared to that of the co-
polar level.
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Fig. 1 (a) Top and (b) side views of L-probe RMSA and its (c) input impedance loci, (—)
simulated, (----) measured
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Fig. 2 (a) Top and (b) side views of L-probe fed E-shaped MSA

Fig. 3 Input impedance loci for L-probe fed E-shaped MSA, (—) measured, (-—--) simulated
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Fig. 4 (a) Top and (b) side views of L-probe fed half E-shaped MSA and its (c) simulated input
impedance and VSWR plots
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ABSTRACT:

The results of the analysis match with the simulated results and the testing of
the antenna delivered good r esults too. The gain of the antenna was increased
from 4.45 dB without the active device to 10.49 dB with the active device. The
bandwidth also increased from 0.1 GHz to 0.2 GHz. The analysis depicted that a
high gai n an tenna w as des igned us ing t he a mplification pr operties of t he
transistor.

1. INTRODUCTION:

Active i ntegrated ant ennas ar e ant enna i n which t he act ive devi ces ar e i ntegrated
directly in the antenna structure to obtain active microstrip antenna oscillators, amplifiers, and
frequency converters [1,2]. In this endeavor Transistor is integrated with microstrip antenna for
amplification. Such types of antennas provide improved gain and bandw idth and al so provide
improved noise performance as compared to passive antennas.

2. THEORETICAL DETAILS:

At low frequency it is assumed that the transistor responds instantly to changes of input
voltage or cur rent. B utas frequency i ncreases andt he as sociated w avelength of t he
electromagnetic wavelengths of electromagnetic waves becomes comparable to the dimension
of the discrete circuit components such as resistor, capacitor and i nductors, these components
start to deviate in their electric responses from their ideal from the ideal frequency behavior.

PP
o % __Ce e @ gmib'e

Fig. 1 High frequency equivalent circuit of Transistor SEARCH
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2.1. DESIGN OF SIMPLE INSET FED MICROSTRIP PATCH ANTENNA:

A microstrip antenna of dimension 43.4mm x 43.4mm is designed using the following

Vv
equation[3]:W = —%
2f Ve +1
feed point is at the border of the notch. The input resonant resistance varies in the same
manner as in a full patch antenna fed by an inset feed point. It's given by [4]:

R, =R, coszgﬁg
elLyg
A s tudy w ith m oment method s hows t hat t he i nput resistance depends on t he
length of the notch X and al so its width S. The notch size S=12.8mm is chosen to integrate
active co mponents and i ts feed | ine, pr oducing as 1ess ¢ oupling ef fects w ith t he pat ch as
possible. The dip size X=16.9 mm is chosen to match the input resistance of the antenna to
desired value for the active circuit. The dimension of the microstrip line to feed the antenna at
the edge of the notch is also determined. The simple inset fed antenna of the above dimension
is designed using the IE3D software which is shown in Fig. 2. below

A

A notch is realized in one side of the square patch antenna. The

Transistor
placement

P »
< >

Fig. 2. Simple inset fed microstrip patch antenna

2.2. DESIGN OF TRANSISTOR LOADED INSET FED MICROSTRIP ANTENNA

For the antenna to be used as a transmitter the base is soldered to the Microstrip line the
collector is soldered to the patch and the emitter leads are soldered to the ground plane through
the substrate. The biasing is applied to the transistor externally. For the antenna to be used as a
receiver the collector is soldered to the Microstrip line the base is soldered to the patch and the
emitter leads are soldered to the ground plane through the substrate. The transistor is chosen
such that its input impedance matches the impedance of the transmission line and t he output
impedance matches the impedance of the antenna.
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2.3. GAIN MEASUREMENT:
Gain of an antenna is given by, G, = %4%9|821|
e g

At t he time of measurement, the antennas w ere placed at the far field and t he
measured value of S21 was -21.83 dB without the active device and with the active device
the measured value of S21 was -15.79 dB .

——T dBISi )] —o—" Maximum Tatal Field Gain

! 5 ! w7 10
U 1 T i i 1 i U E ! E ! E ! I E I
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Frequency (GHz) Frequency (GHz)

Fig.3 &4 Simulated results for return loss and gain for a simple inset fed microstrip
antenna.

Fig. 5 Transistor loaded
microstrip antenna as a
transmitter and receiver
for gain measurement
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Fig.6 Theoretical results for VSWR Fig. 7 experimental results for return
for transistor loaded MSA loss of simple inset fed microstrip

antenna

LeftPeak | Right Peak Mz g M ] Marker 9 0

BT [ 1O0SER0 GH: 600 dE + 1 1990f0Gk | 1493

10
Th: S 100000 GHe = Sep 250000 GHe Chl: S 00000 G — Stop 250000 Bk

Fig.8&9 Experimental results for return loss and VSWR for transistor loaded microstrip

3. DISCUSSION OF RESULTS:

In case of simple microstrip antenna the antenna resonates only at 1.65 GHz (Fig.3) but
on loading the antenna with transistor the antenna shows a slight dual band behavior (Fig. 6)
On testing the simple inset fed antenna without the active device the resonant freque
shifted to 2.08 GHz and with the active device the frequency is 1.9 GHz (Fig.7 and Fig. 8
simulation results of simple inset fed microstrip antenna in IE3D show a value of -21 dB at the
resonant frequency (Fig.1). On testing the antenna on the vector network analyzer without the
the value of return loss is -49.16 dB (Fig.7) and the value is reduced slight
36 dB when the active device is loaded (Fig.8). Theoretically a VSWR of 1 is achieved at 1.2
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GHz and 1.9 GHz. But on t esting the antenna the value of VSWR almost reaches tol a 't
1.9GHz (Fig.9). The gain of the simple inset fed microstrip antenna is 5 dB at the resonant
frequency, but experimentally the value of gain is 4.45 dB. On integrating the antenna with the
active device the gain becomes 10.49 dB and on testing the antenna the bandwidth achieved is
0.1 GHz without the active device and is 0.2 GHz with the active device.

CONCLUSION:

An active antenna was designed, anal ysed, simulated and tested and results obtained
were very good as the gain was enhanced and the bandwidth increased.
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ABSTRACT: -

In this paper the analysis and design of compact dual band square Microstrip
patch antenna for bandwidth improvement and antenna size reduction in a single
design i s pr oposed. T he f undamental par ameters of t he ant enna s uch as
bandwidth, return loss, gain, radiation pattern and polarization are obtained.
This square piece patch antenna has less return loss of -40 dB with bandwidth of
40 M Hz and 200 M Hz in two bands respectively. T he s ensitivity of patch
antenna towards its patch shape is also discussed. Simulation tool, based on the
method of moments (ZELAND IE3D version 12.0) has been u sed to analyze
and optimize the antenna.

INTRODUCTION:

Recently, the market for Wireless Local Area Network (WLAN) products is booming
rapidly with t her oll out of I EEE 802.11 b pr oducts i nto t he hom e, public, and of fice
environments. W ith the i ncreasing cons umer dem and for wireless multimedia, even hi gher
throughput w ill be r equired. In applications where size, w eight, cos t, per formance, ease of
installation, and aerodynamic profile are constrains, low profile antennas like Microstrip and
printed slot an tennas are required. Because Microstrip antennas inherently have narrow
bandwidths and, in general, are half-wavelength structures operating at the fundamental
resonant mode [ 1], r esearchers have made ef forts t o ov ercome t he p roblem of na rrow
bandwidth, and var ious configurations have b een presented to extend the bandwidth [2-6] by
introducing slots in the Microstrip patch. In Microstrip antenna research a new trend is found
where the researcher try to improve antenna characteristics by introducing different structures
within the antenna geometry. Microstrip antennas received considerable attention starting in
the 1970’ s al though the idea of a M icrostrip antenna can b e traced to 1953 and a pat ent in
1955. Microstrip antennas consist of a very thin metallic strip (patch) placed on small fraction
of aw ave |l ength above a g round pl ane. T he M icrostrip patch i s de signed s o i ts pat tern
maximum i s n ormal tot he patch ( broadside r adiator). T his i s acco mplished by pr operly
choosing the mode (field co nfiguration) of exci tation beneat h t he pat ch. For ar ectangular
patch, the length L of the element is usually /,/3 <L < [ /2. The strip (patch) and the ground

plane are separated by a dielectric sheet (referred to as the substrate). The structure of basic
Microstrip antenna is simple to understand and fabrication. The Microstrip antenna parameters
are very flexible with its patch shape [ 7]. Even due t o small variation in its patch shaI:i:I
- . . . SEARCH

characteristics of Microstrip antenna will change greatly. These changes may lead somé

to complete destruction of antenna or sometimes may result in improvement of the parameters

of antenna. Here the shape of a simple Microstrip antenna is changed insteps of square pieces

: ) r esonate at t wo di fferent f requencies w hich appl icable f or appl ication

Aavancea Wwireless Ser vices; pot entially a spectrum o f choi ce for A WS s pectrum hol ders
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(legacy service providers), IEEE 802.16-2004. In this paper the analysis and design of compact
dual band square Microstrip patch antenna for bandwidth improvement and antenna size
reduction in a single design is proposed. The fundamental parameters of the antenna such as
bandwidth, return loss, gain, radiation pattern and polarization are obtained.

ANTENNA STRUCTURE AND DESIGN:

Microstrip patch of size 40 X 40 mm made on FR4 substrate of thickness 3.2 mm and
dielectric constant of 4.2 which is simulated using IE3D simulation tool. When this structure is
simulated we had a resonating frequency at 1.7 GHz as shown in Fig. 1.

—1 dBIS(1,1)]

1 1

i 0

-1 1

2 2
@ @
= 5 2

4 4

5 -5

B 6

7 7

1 1.1 1.2 13 14 1458 16 17 18 148 2
Frequency {GHz)

Fig. 1 Fundamental patch antenna return loss

the return loss is very high and it is -7 dB. This square patch is cut into small square pieces and
simulated number of times by removing and adding each square piece until good results are
obtained. After doing all manipulation same patch antenna started resonating at two different
frequencies 1.7 GHz and 5.4 GHz with less return loss around -40 dB. The final structure of
this antenna after varying its structure insteps of small square pieces is very much different and
shown in next section characteristics simulated using [E3D. Number of changes is made for
fundamental pat ch ant enna. T he act ual ant enna i s cut i nto nu mber of s quare pi eces and
simulated number of types by changes these square pieces. The proposed structure is shown in
Fig. 2. T he Microstrip patch in Fig. 21 s of size 40 X 40 mm made on FR 4 s ubstrate of
thickness 3.2 mm and dielectric constant of 4.2 .
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Fig. 2 Proposed square piece Microstrip patch antenna
The feed is coaxial feed. The inner conductor of coaxial cable as diameter 0.6 mm. The
feed is at point (12, 28) which is shown as circle on patch.

RESULTS AND DISCUSSION:

The “Dual Band Square Piece Patch Antenna” is simulated using software tool called
IE3D (Ver. 12.0) which w orks with M ethods of M ovements numerical technique to simply
electromagnetic waves. Figs. 3 & 4 shows the return loss at two frequency bands. In both band
antenna is having -40 dB return loss which is more advantageous of this antenna. The radiation
characteristics of E-plane polarizations of band I and band II are shown in Figs. 5 and 6.

—=—[ dBIS{1,1)] —s—[ dB[S({1,1}]
g 4] 5 =1
1] g 1] 1] u]
5 -5 5
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Frequency (GHz)
. st . nd
Fig. 3 Return loss at 1" band. Fig. 4 Returnlossat 2™ Band.
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Fig. 5 E-Plane radiation pattern at 1° band Fig. 6 E- Plane radiation pattern at 2" band

In first band the antenna is having 5 dBi gain and in second its gain is around 3.5 dBi
which are shown in Fig. 7 and 8. The bandwidth of antenna in two bands is 40 MHz and 200
MHz respectively. After seeing all things it is noticed that by changing the shape of antenna in
Fig.1 into Fig. 3 a dual band arises and with this we can say that patch antenna is very sensitive
towards its patch shape.

CONCLUSION:

In this paper the analysis and design of compact dual band square Microstrip patch antenna for
bandwidth improvement and antenna size reduction in a single design is proposed.

Total Field Gain vs. Frequency

—=5— Maximum Total Field Gain Total Field Gain vs. Frequency
75 15 —=4— Maximum Total Field Gain
5 g 7 7
25 25 B B
0 0 5 3
25 245
75 75 g e
10 10 2 2
128 128 1 1
15 15 0 1
175 175 -1 -1
a0 a B} -2
18 165 17 175 18
Frequency (GHz) -3 -3
5.35 5.4 545 5.4
Frequency (GHz)

Fig.7 Proposed antenna Gain at 1* band Fig.8 Proposed antenna Gain at 2" ban SEARCH

The f undamental par ameters of't he ant enna s uch as band width, r eturn 1 oss, gai n,
“tern and pol arization ar e obt ained. The s haped of or dinary patch ant ei
cuaugeu anu m ade t o r esonate at t wo di fferent f requencies. T he ant enna cabbe us eai1n

1 .-
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applications | ike Wireless Communications, potentially a spectrum of choice for AWS
spectrum holders (legacy service providers), IEEE 802.16-2004. Thus the sensitivity of patch
antenna towards its patch shape is discussed.

REFERENCE:

1. K-L Wong , “Compact and Broadband Microstrip Antennas”, New York, NY: John
Wiley and Sons Inc., 2002.

2. T. Huynh and K. F. Lee, “Single-layer single-patch wideband Microstrip antenna,”
Electron. Lett., vol. 31, pp. 1310-1312, 1995.

3. K. L. Wong and W. H. Hsu, “Broadband triangular Microstrip antenna with U-shaped

slot,” Electron. Lett., vol. 33, pp. 2085-2087, 1997.

. Yong-Xin Guo; Kwai-Man Luk, Kai-Fong Lee, Chair, R., “A quarter wave U-shaped
patch antenna with two unequal arms for wideband and dual-frequency operation,”
IEEE Trans. On Ant. Prop., vol. AP- 50, no. 8, pp. 1082-1087, Aug. 2002.

. K. F. Tong, K. M. Luk, K. F. Lee, and R. Q. Lee, “A broad-band U-slot rectangular
patch antenna on a microwave substrate,” IEEE Trans. On Ant. Prop., vol. AP-48, no.
6, pp. 954-960, June 2000.

6. Y. X. Guo, K. M. Luk and K. F. Lee, “L-probe proximity-fed short circuited patch

antennas,” Electron Lett. vol. 35, no. 24, pp. 2069-2070, 1999.

7. S. S. Igbal, J. Y. Siddiqui, and D. Guha, "Simple design of a compact broadband
Microstrip antenna for mobile communication," to be published in the IEEE Int. Symp.
on Antennas and propagation and USNC/CNC/URSI North American Radio Science
Meeting, to be held at Columbus, OH, during June 22- 27, 2003.

A

9]

41
Centre for Research in Electromagnetics and Antennas CREMA



NN

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

ANN SOLUTION OF PDE FOR REGULAR MICROSTRIP ANTENNAS

Sridhar Pattanaik'” and R.K Mishra* ("

Department of Electronic Science, Berhampur University, Berhampur, India, 760 007,
E.mail: sridhar_pattanaik@yahoo.co.in

ABSTRACT-

The microstrip patch antennas are narrow-band resonant antennas. They can be
treated as cav ities. T herefore, cavi ty m odel beco mes a n atural cho ice for
analysis of patch antennas. This model is suitable for geometries for which the
Helhmoltz equ ation po ssesses an anal ytical solution. T rained neur al net work
can be used for high-level design, providing fast and accurate answers to the
task it has learned. N eural networks are attractive al ternatives to conventional
methods such as numerical modeling methods, which could be computationally
expensive, or analytical methods, which could be difficult to obtain. We present
am ethod to solve the wave equation in one dimension for the regular (i.e.
Rectangular and circular) microstrip antenna for the dominant mode. A trial
solution of the differential equation is written by construction the
initial/boundary conditions are satisfied then the network is trained to satisfy the
differential equation. The method in the treated case proved to be accurate. It is
a promising tool for tackling problems of higher dimensions.

I. INTRODUCTION

The s tructure of  microstrip ant enna looksr elatively s imple. H owever, t he
determination of the electromagnetic field components is quite complex due to the presence of
different types of inhomogeneities in the structure. For this reason, initially simplified models
were developed, based on Transmission line and Cavity model [ 1]. Later on rigorous methods
were derived. Each method has its own merits and drawbacks. ANN can be used for high-level
design, pr oviding f ast and ac curate ans wers to t he t ask it has 1earned. The us e of ne ural
networks provides good generalization properties; less model parameters are required to other
methods, compact solution models, low de mand on m emory. The method can be r ealized in
hardware, using Neuroprocessors. Hence it has the capacity to tackle differential equations of
many engineering problems.

In this paper one-dimensional wave equation for the rectangular patch antenna with two
Neumann boun dary condi tions and w ave equ ation for ¢ ircular microstrip a ntenna is so lved
using ANN. The former is solved using rectangular coordinate system and the later is solved
using cy lindrical coordinate system. T he original constrained optimization problem has been
reduced to unconstrained optimization, which is easier to handle due to the choice of the trial
solution. In ANN the weights and biases are to be adjusted in order to deal with the
minimization problem.
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II. PROBLEM FORMULATION

In any antenna problem the wave equation is to be s atisfied followed by the boundary
conditions. The problem under consideration is a r ectangular patch antenna for the dominate
mode w hich c an be cons idered as a one di mensional problem. T he one dimensional w ave
equation for the patch is given by the elquatiop 1 and 2.

KR E-K’E = - jum,J (1)
1]2EZ .
e T KE = jum) (2)

Where, k> =w’m,e,e,

Solving t he pa rtial di fferential equat ion and 1 mposing t he boundar y con dition the
electric field mode vector for the patchis found out by using cavity model [ 1,2] . The
eigenfunctions m ust s atisfy t he ho mogeneous w ave equat ion, bounda ry condi tions and
normalization condition.

s .
%?7 +k23y, =0 3)
g
M =0= M (4)
ﬂx x=0 ﬂX x=L
0wV mdx =1 (5)

In this paper the electric field mode vector for the dominant mode of the rectangular
Patch antenna is solved using ANN in detailed and in the similar manner the circular antenna is
solved. The results are in good agreement with the solution of the analytical counterpart.

ITII. IMPLEMENTATION

In order to use ANN [3] we propose the solution of the wave equation to be F,such
that it satisfies the wave equation as well as the boundary condition.

Eﬂ—z +K22F, (0 =0 (6)
fix ]
L] @)
ﬂX x=0 ’
Fo _, ®)
™ e

The trial solution of the wave equation is written as

25 vyo2 ¥
F. (0= LN&x.L ¥ —ELX _X7QIN(O,L, p)_ x” IN(L, L, p) (9)
24 Ix 2 Ix
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Where N(x,L,p) is the output of a feed forward network with two inputs x for position
coordinate , L length and p is the weight vector of the ANN. By construction the trial
solution satisfies the two boundary conditions and the constrained optimization problem is
converted to unconstrained optimization problem.

N =2 wl(z) (10)

where,
z =X+ v, L+, (11)
£(z ) = tanh(2) (12)

The cost function of the network for training is found and given by Error i.e. (13).

2 P 2 — 2 —
Error :LaN(x’L’p)+k2LN(x,L,p)+{l—k2(Lx—xzJ}aN(O’L’p)—{HkZ );}M(L’L’p) (13)

ox? ox Oox

The square of the error is given by the expression E.
E = (Error)’ (14)
The weights of the network are trained according to the normal back propagation
algorithms [3,4,5].

In the similar way the wave equation for the circular patch antenna can be solved but
here instead of the rectangular coordinate system cylindrical coordinate is used.

Solving the partial differential equation for the circular patch antenna and imposing
the boundary condition the electric field mode vector for the patch is found out by using
cavity model [1,2]. The eigen-functions must satisfy the homogeneous wave equation,
boundary conditions and normalization condition. The boundary condition will ensure the
shape where as the normalization condition will give the magnitude.

VO +k*D=0 (15)
2
10 raib +L2 aqj +k*d =0 (16)
ror\ or r-\ 0¢
If the variation along the z direction is not taken into account then the equation turns to
100,22 oo (17)
ror\_ or
2
rac?+ai> +k*rd =0 (18)
or or
. oD
®(r) must satisfy ®(0)=0 and —| =0
r r=a

The trial solution is given by the equation (19).
ON(a,a, 13)
or
The electric field mode vector for the dominant mode of the circular Patch

antenna is solved using ANN the results are in good agreement with the solution of the
analytical model.

¥ (r)= N(r,a,P)— N(0,a,P)—r (19)
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IV. RESULTS AND DISCUSSION

Network s tructure: T he net work s tructure is 2-10-1 and t he transfer function for the
hidden and out put layer are tanh (.) and 1 inear respectively. The network is trained upto 10
tolerance. The values of &,/ in this model are same. For the rectangular and circular case it is
0.00078 and 0.00067 respectively.

The results are in good agr eement with the analytical model. The erroris due t o the
training error. There is a possibility that the network may be trapped in the local minima.

V. CONCLUSION

We have pr esented a novel m ethod appr opriate f or s olving s olution of par tial
differential equ ation for regular microstrip antenna. T he method is new and expected to be
used for the analysis of any microstrip antenna s tructure or in gener al any el ectromagnetic
problem; there is scope for further research and development.
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ABSTRACT:

H-plane radiation pattern of pyramidal horn antenna is computed using
uniform asymptotic theory (UAT) of diffraction. Theoretical results obtained
are compared with experiment to bring out the finer aspects of the UAT.

INTRODUCTION:

A comprehensive analysis of the E-plane radiation pattern was carried out by Yu,
Rudduck and Perers in [1]. Keller's geometrical theory of diffraction (GTD) and parallel plate
aveguide mode approximation was used by Yu to obtain the H-plane radiation pattern in [2].
UAT [3] was applied by Menendez and Lee [4] to obtain E-plane horn radiation pattern.
Sanyal and Bhattacharyya [5] obtained the E-plane radiation pattern using UAT to obtain
superior results in the back lobe region. In the study reported in this paper we use UAT and
line sources to obtain the H-plane horn radiation pattern.

2 FORMULATION
2.1 GO FIELD:

The pyramidal horn is approximated by a dihedral corner reflector formed by two
perfectly conducting, inclined, half-planes as shown in Fig. 1, and excited by an anisotropic
electric line current souzce at the vertex SH. Rays from this source are assumed to have
electric vector parallel to the corner reflector H-edges (the edges normal to the H-plane [2]).
These are incident tangentially on the reflector walls. The ray-optical expansion of this source

field is given by
_ h
E';,0) -7 (i} . [z ; j“——(n
ke,

2.2 CONTRIBUTIONS OF H-EDGES:

Consider now the corner reflection wall SyQ, (Fig. 1) which form a part of the half-
plane. In terms of the notations of UAT the field incident on this half-plane may be written as

A )
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\A

(b) Top view (H-plane)

wavefront

(c) Side view (E-plane) ]

Figurel: Geometry of horn diffraction.

where ¢ =n—0_+0,,. Since this is a case of grazing incidence with E vector parallel

to the edge [6], the first order diffraction terms are identically zero. Therefore, considering
the next higher order terms we obtain the diffracted field using Eqn. (3.36) of [6]

) oy sin (y
£ 416/6( pf/;/‘/ /’pl * cos (((y)) e

Then the UAT total diffracted field E 'due to diffraction at edge Q1 is obtained as the
sum of the GO field and the diffracted field (3), viz

E=E+E ————— (4)

At the shadow/reflection boundaries (SB/RB), corresponding to ¢, =7 (refer Fig. 1)

the detour parameter vanishes and the singularities present in EG and Ed cancel out. Then the
total field reduces to

el'(/“rpﬁ) 7 %
E(SB/ RB) ~ —[—j ————(5
0,k (” + pH) Pu
Proceeding as above. the total field E', due to diffraction at the edge Q, can now be

similarly obtained. SEARCH
The H-plane horn field E' is then obtained by first summing the contributing E'. and

C
E'; However, this results in the incident field being computed twice for angles where
7' "77Thus on subtracting the incident field from this sum we obtain
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E'=EL+E, -E(r,9)----- (5)where, E'(r,q,)=0 for |g,|<g, . Note that for

. . 3 . .
observation po ints be tween £> 7'0 -q, and ¢q,>p-q, (Fig.1),theedgeQ 4 remains

invisible and we have E'p=0.

The practical horn being three dimensional, the contribution due to diffraction at the E-
edges ( the edg es nor mal to t he principal E -plane [ 2]) are of s ignificance in the back |1 obe
region.

2.3 CONTRIBUTIONS OF E-EDGES:

Consider t he t hree-dimensional py ramidal h orn; s ee F ig. 1. T he E vect ors of the
dominant T E;p mode in t he r ectangular w aveguide, ar e o riented at t he a perture a s s hown.
Consider now the E -edge, the rays incident off the midpoint, on this edge result in conical
diffraction because of the skewed angles of the incidence, see Fig. 1d. T hese rays contribute
significantly t o the H-plane radiation pattern in the backlobes r egion. Fig. la shows the
intersections o f't he E -plane and H -plane with py ramidal hor n a long w ith the coo rdinate
system. The anisotropic electric line source is assumed to lie along the Y-axis. In the
computation of the E-plane pattern a magnetic line source was used in [5]. Here this source is
assumed to pas s through the point SE and to be par allel to the X -axis. The rays, incident,
skewed on the E-edges are assumed to have amplitude variation corresponding to a cylindrical
wave. These rays can be viewed as emanating from various inclined line sources located at SE.
A m ethod bas ed on R usch and Sor ensen [ 8] has been usedt o det ermine w hichr ay on
diffraction from the E-edge contributes to the field at the observation point P.

2.3.1 THE CONICALLY DI _RACTED FIELD AND THE H-PLANE FIELD:
The electric field diffracted by the top E-edge makes an angle (p - g) the Y -axis at P.

Taking into account also the bottom E-edge, the contribution of the source Sg to the H-plane
field at P is([3], (4.8))

ei(kr+,%) SE (Q)

—COS (g) ---=(7)
(Zpkr)% sin B, ;&Y 0
g
Here Ei(Q) is the value of the incident field at the point Q. On adding EY to the right
hand side of Eqn. (6), we have the final form of the H-plane field

E'=E,+E;-E'(r,g)+E{ ----- (8)
3 NUMERICAL RESULTS AND DISCUSSIONS:

H-plane far-field theoretical plots using UAT approach compared with experimental
results of Yu [2] are shown in the Fig. 2. Fig. 4 of [2] shows Yu's theoretical and experimental
results. The agreement between theory and experiment for the main lobe is about the same in

ES :
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both the figures, so also is the case in those given in [9]. In [2] and [9]

Or ! ! ) !
:\ ' Measured Ref [2] ——
10 . By UAT ------ .
20 | \\
a0 | -
40 | w
; il

. A KRR
=

MNormalized Field {dB)

70 F

0 20 40 80 80 100 120 140 180D 18O

Obsenvation angle (degrees)

Figure 2: H-plane radiation pattern using UAT.

The results obtained in the backlobe region between 120° < 0, < 170° by taking in to
consideration the finite length of the edges in the H-plane are better than those of Fig. 2.
However, the agreement between the present UAT theory and experiment for the backlobe
region near 0, = 180° is at least 3 dB better than those of [2] and [9]. Moreover it should be
noted that in [2] and [9] methods other than GTD was used in the computation of the effect of
finite edges.
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ABSTRACT:

Performance characteristics of a radiating slot in the transverse cross-section of
a rectangular waveguide are evaluated by the method of moments(MoM) using
a conventional approach for free space as well as treating the free space as a big
collinear r ectangular w aveguide. T he anal ysis and f ormulation have b een
carried out by considering the thick radiating slot as a stub waveguide.. Three
distinct simplification techniques pertaining to free space or infinite half space
are pr esented i n t his paper .The var iation of t he per formance char acteristics
obtained by these three methods are compared with experimental results. All
the t hree methods of simplification yield numerical results which have an
excellent agreement with one another. These results justify the applicability of
the three simplified procedures, with associated computational ease.

1. INTRODUCTION

Waveguide f ed s lots ar e w idely us ed i n co mmunications, r adar and var ious ot her
microwave s ystems. T he ba sic popul ar r adiating e lement i n al 1t hese applications is a
rectangular slot, milled in the broad w all or narrow wall, or in the transverse cross-section of
the waveguide [1]. Waveguide based antennas are finding potential applications in satellite and
mobile communication systems.

Analysis of w aveguide fed s lot r adiators ¢ an be br oadly di vided i nto two di stinct
categories. In one case, the free space into which the waveguide fed slot radiate, is treated as a
half-space, and t he convent ional pl ane- wave s pectrum ap proach i s us ed t o det ermine the
complex power radiated and t he other radiation characteristics [2]. Two alternate methods of
reduction of infinite integrals, appearing in the actual half space considerations for waveguide
fed slot radiators are proposed in this case - (i) Series Summations M ethod (Method A), and
(i1) use of Higher Order Mathematical Functions (Method B) which can be p rogrammed very
easily and accurately.

The conventional anal ysis involving radiation from rectangular slot in an
infinite flange into hal f space is complicated, and i t includes good am ount of com putations.
There w ill be a cons iderable r eduction in the a mount of theoretical w ork and hence t he

associated computations, if the half space is treated as a collinear large rectangular wave{ SEARCH

filled with a low loss dielectric medium [3]. The second case uses the Waveguide Equiva
of Free Space ( Method C) [3], in combination with the present MoM analysis, which can be
treated as the third simplification method. In this paper, we propose to combine this simple and

aveguide equi valence approach of free s pace with rigorous and accurate
analysis [4], thus retaining the advantages of both.
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2. MOM ANALYSIS

Fig. 1 shows the waveguide fed rectangular end slot radiator, and the co-
ordinate system adopted for the analysis. The radiating slot is considered to be centrally
located in the representation of the radiating slot is shown in Fig. 2, together with the two
interfaces.

cross-section of the metallic plate of thickness ‘t’. An expanded view of the stub

A X _} + medium 2
w mediuml R 0 oo __
P cm—
=4
P—— \
; €
“1 €r1 r2 X
- | —> , :
\ﬁ/ - w! incident wave Y z
Guide1 : /Llf/'l \/
l % | p{/zl/ é Guidel R E Method (A & B) : half-space
\\L//g R ¢ Y Method (C): Waveguide 2
E— —E __________
Y \,_,f—” N
—/—/
waveguide

Fig. 1 Waveguide fed rectangular end slot radiator  Fig. 2 Expanded view of the radiating
slot

2.1 BASIC FORMULATION

The amplitude coefficients for the total tangential electric fields at the two
interfaces of the stub waveguide[4], were given by

[E4 1] = {[UI+[B] [Y**]*[h<*] [BI} [Y™]*[n™] [B] [Y**][h"] [B] -[UI}[Y™]* 2 [h'™] (1)

[E<T]={[BI+[Y*]* [h*][BIK[Y™]* [h™][B][Y*]*[h**][B]-[UI} ' [Y™]*2[h"] (2)
The elements of square matrices [B], [Y™], [h™] and [h™™ ] are given in [4].

3. EXPRESSIONS FOR Y., AND Y

Two different general procedures are described here for the evaluation
of v, (Yg ). The first procedure is based on the popular “angular spectrum of plane wave

approach” [2,5], in which two simplification methods are presented; and the second
procedure is based on “Waveguide Equivalence of Free Space”.

3.1 PLANE-WAVE SPECTRUM APPROACH
The expression for Y [2] in the case of slot radiating into free space is obtained a S=ARICR
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The expression for v o [2] in the case of slot radiating into free space is obtained as

cosz(kyL)q,sodd
. -2
¢ W %% (2-k2) sine® (k, W) |sin” (kg L)gseven Ca for q odd and s odd or q even
qu - 2 ,[ .[ k 2 2 d xd y
knOL — - z ) [ sm 2 qm
K- = K- =
2L 2L
and s even

= 0.... for g odd and s even or q even and s odd.

(3)

3.1.1 REDUCTION OF COMPLEX INTEGRALS INTO SERIES SUMMATIONS

The final expression obtained for Yy, using Series Summations is given by

1
J - e0emawn- tina-gyee,m) @

0 1 0 s
¥=mC 2 o) [ (1- )"y ey > G0 o 1
o PEO e [ ODe 0 (AW k- Tin @ D+ Cu e
¢=1
(4)
_1)\P (2p+2)
C,= 4qs2, C,(p)= ( i) (W) G0 R +®d @) and In (A) = 0.5772256
noL (p)*@p+1)(2p+2) (2+)  (2+2)
cos’ (kZ L) q,s odd
sin?(k¢ L) q,s even 1+ l+l+ ....... +—for p>0
C3(0)= - o@p=4 2 3 P
k2g2_(snjz k2C2_(chj 0 forp =0
2L 2L

3.1.2 REDUCTION OF COMPLEX INTEGRALS INTO HIGHER ORDER
MATHEMATICAL FUNCTIONS

The expression for imaginary part of v, is further simplified as

1
| C K W (1-0) G501, {2kw l-cz}dc
Vo= m G Y G [ (1-¢) ™ ¢y(g)dg+j| (5)
n=0

o e o feon e a
1

2 A\
1w :%+§Yl ()70 ()" { 1)} T @) = {Ho () Y, (0) - Hy @)Y ()}, 1 (¥ =1- v{f Ko (p) dp+K, (v)}
u 0

Centre for Research in Electromagnetics and Antennas CREMA



ti .APSVM 2008

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.
3.2 WAVEGUIDE EQUIVALENCE OF FREESPACE
This is the third proposed method of simplification for expressions involving radiation
into free space. In this method, the free space of medium 2 is replaced by an equivalent big
collinear rectangular waveguide filled with low loss dielectric[3]. The numerical results from
the low loss dielectric cases are used to compute the solution for the actual lossless half-space
problem by an extrapolation technique. Expression Ys, when the medium 2 is considered as

a big collinear rectangular waveguide is
_ 22 o2 ,2ym, 2 yym,2
YVeo=X 2| Yo Vi qVein s+ Yo Vi e Vimis | (6)
m n

4. REFLECTION COEFFICIENT ' AND ADMITTANCE

The reflection coefficient I' seen by feed guide is evaluated using the expression
qn
N an
r=a+> B¢ ow—L o (Ej (7)
q=1

AB w [P B
l =)0
The normalised shunt admittance [4] seen by guide 1 is of the form

=y=gtjb=— (8)

5. NUMERICAL RESULTS

For the slot radiator structure shown in Fig. 1, the complex amplitude coefficients are
evaluated from the three different methods mentioned above. The computations are carried
out for number of basis functions N = 5. In the Waveguide Equivalence of Free Space
Method, medium 2 is replaced by coaxial rectangular waveguide having cross-sectional
dimensions as 30 times that of size of Guide 1. The low loss dielectric have been used for
¢"= 0.1, 0.2 and 0.3. From a knowledge of the amplitude coefficients E{' the complex

reflection coefficient,and normalised shunt admittance are computed. The value of T for the
Waveguide Equivalence case is extrapolated for ¢"= 0 [3] using the data for ' obtained for
the three different " wvalues. To facilitate the comparsion with the experimental results
presented by Marcuvitz [6] theoretical results are evaluated using the three methods of
simplification at f = 9.375 GHz, 2L = 2.286 cm, and t = 0.0794 cm for the slot width range
0.127cm - 1.016cm. The corresponding theoretical results on the variation of magnitude and
phase T, g and b seen by the feed waveguide are shown in Figs. 3 -4 along with the
experimental results.

6. CONCLUSIONS

Analysis by moment method using entire sinusoidal basis and testing functions is
found to be computationally efficient, as the numerical results for all the three methods of
simplification converge very well for number of basis functions N = 5. Interesting
conclusions can be drawn from the above results, in the sense that any of the proposed
analytical simplification methods can be effectively used for the rigorous and comnplete
analysis of waveguide fed transverse wall slot radiators, retaining the accuraci‘
computational ease associated with the MoM techniques. For the transverse wall slot

radiators, verification of the numerical results with experimental results justifies the validity
oot ‘ifferent simplification techniques
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ABSTRACT

The radiation patterns of solid and hollow dielectric diagonal horn antennas of
various di electric cons tants and w all thicknesses ar e s tudied theoretically and
experimentally at spot frequency 9.418 GHz. Theoretical near field distributions
at the aperture and at the four side surfaces of a horn under study for TE to x
and TE to y modes are obtained by solving the Helmholtz’s equation using the
separation of var iablet echniques. T he expr essionsf or thene ar-field
components o f't he hor nund er s tudy ar e us ed t o ob tain the expr ession f or
radiation pa ttern from K irchoff’s d iffraction formula. T he theoretical nor mal
and cross-polarized radiation patterns obtained for these antennas are compared
with the corresponding experimental ones.

INTRODUCTION:

Love [ 1] and Withington & Murphy [2] have investigated the metal diagonal horn
antenna and found that this type of antenna possesses some desired properties. Though many
types of dielectric horn antennas have been studied, but almost no work has been done on
dielectric diagonal horn antennas. R ecently e fforts have been m ade by authors [3-6] to study
the di electric d iagonal ho rn a ntennas bo th t heoretically and exper imentally. I n the present
paper, the authors have attemptedto study theoretically and experimentally the radiation
patterns of both solid and hollow dielectric diagonal horn antennas in the principal H/E plane at
frequency 9.418 GHz. The theoretical near field components at the aperture and at four side
surfaces of the antenna for TE to x and TE to y modes are obtained by solving the Helmholtz’s
equation and us ing the separation of variables technique. K irchoff’s diffraction formula has
been us ed t o obtain the r adiation field o f the hor n f rom t he near f ield di stribution for
fundamental H*; and H”}; modes. The theoretical radiation patterns in H/E and +45° planes are
compared with the corresponding experimental ones. The theoretical radiation patterns of three
hollow dielectric wall diagonal horn antennas of wall thicknesses 0.15 cm, 0.15 cm and 0.32
cm and respective dielectric constants of the horn dielectric sheet €' = 2.54, 2.56 and 2.56 in
H/E plane are compared w ith the cor responding exper imental one s at s pot frequency 9.418
GHz. Similarly the theoretical radiation pattern of a solid dielectric diagonal horn antennas of
dielectric constant 2.56 in H/E plane are compared with the corresponding experimental result
at spot frequency 9.418 GHz.

MATHEMATICAL FORMULATION:

The schematic diagram of solid and hol low dielectric d iagonal horn antennas, along
with the coordinate system used to obtain the radiation patterns are shown in Figs.1 and Zi:l
radiation from the aperture and four side surfaces of dielectric wall diagonal horn antenr SEARCH
be obtained by Kirchoff’s formula [7], which is given as:

kG L L oy e (1)
E = e H) r}-("E ds
P 4p ()S()gg é'oB {ro (n ) ro} (n ) rog R
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where, E,, k, R, n, 1y, E, and H are, respectively, the radiation field at the far field point P, the
free space propagation constant, the distance from the source point to the field point, the unit
vector in the z-direction, the unit vector from the origin to the field point, and the electric and
the magnetic fields over the surface S. All other terms have their usual meanings. This
equation (1) is used for determination of radiation fields of both solid and hollow dielectric
diagonal horn antennas from the aperture and all four side surfaces due to TE to x and TE to
y modes.

Fig. 1 Co-ordinate system of solid dielectric Fig. 2 Co-ordinate systems of hollow
diagonal horn antenna dielectric wall diagonal horn antenna

Radiation field due to the aperture and all four side surfaces: If E, and E,, be the sum of
the fields due to the aperture and four side surfaces of the horn due to TE to x and TE to y
modes, respectively, then

E, =E, (GHCD+E, (ABCD+E, (EFGH+E, (BCHB +E, (ADGH )
E, =E,(GHCD+E, (ABCD+E, (EFGH + E, (BCHB + E, (ADGH 3)

Py

After substituting for E (GHCD), E(ABCD), E(EFGH), E,(BCHE), and
Ex(ADGF into equation (2) and for E, (GHCD), E,,(ABCD), E,(EFGH), E,(BCHE), and
E,(ADGF) into (3), the values of E, and E,, are computed. Principal planes are given by ¢
= 459 for the E-plane and ¢ = 135° for H-plane. For + 459 planes, ¢ = 0° and ¢ = 180° can be
kept in equations (2) and (3), respectively.

The normal and cross-polarized components in any one of the planes considered are
represented as[1]:

E — B pe E Py (4)

nor —\/2—

and Ew ~ E, (%)

Substituting the values of E,, and E,, from equations (2) and (3) and choosing the
desired value of ¢, normal and cross- polarized radiation patterns are computed from
equations (4) and (5), respe(ctivelgf, for prin(cipal )H/E and +45° planes.

The values of 7y x(nx H)xr,and (nx E)xr, are different for all surfaces for TE to
and TE to y modes in case of solid and hollow dielectric diagonal horns. These Values
calculated for aperture and all four side surfaces for TE to x and TE to y modes in case of
solid and hollow dielectric diagonal horn antennas and are kept in equation (1). In this way

for contribution due to all surfaces, i.e., E,,(GHCD), E,«(ABCD), E,«(EFC
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Exx(BCHE), E,«(ADGF), E,(GHCD), E,,(ABCD), E,(EFGH), E,(BCHE), and E,(ADGF)
are obt ained. T hese val ues ar e s ubstituted i nto equations (2) & (3)andt hus E &E_ are

calculated for TE to x and TE to y modes separately for solid and hollow dielectric horns.
EXPERIMENT AND RESULTS:

One solid dielectric diagonal antenna of dielectric constant 2.56 is constructed. Three
hollow dielectric diagonal antennas similar to solid horn with of wall thicknesses 0.15 cm, 0.15
cm and 0.32 ¢ m and respective dielectric constants of the horn dielectric sheet e! =2.54, 2.56
and 2.56 ar e al so cons tructed. T hese hor ns have s quare aper ture of 4.7 cm. on each s ide,
corresponding to a flare angle of 8.5° and axial length 12.8 cm. The theoretical radiation
patterns of these antennas under study in principal H/E plane are shown in Fi gs. 3-6. The
experimental radiation patterns of these antennas are measured with the help of a conventional
set-up at the frequency 9.418GHz. The theoretical and experimental radiation patterns of these
antennas ar e p lotted in Fi gs.3 -6.1tisfound f rom Fi gs. 3 -5t hat bot h t heoretical a nd
experimental HPBW for hollow dielectric diagonal horn antennas in the H/E plane differ from
antenna to antenna with differing dielectric constants and wall thickness of the horn dielectrics.
With the increase of wall thickness in case of hollow dielectric diagonal horn, the first side
lobe level, highest cross-polarization level, and back lobe level are increased. Similarly for
such ant ennas, w ith i ncrease of di electric ¢ onstant, the first side lobe 1 evel, hi ghest cr oss-
polarization | evel, and back 1 obe | evel i s decr eased. H PBW decr eases w ith i ncrease i n
dielectric constant and/or wall thickness of the material of the horn. It is also observed that the
wall thickness has an effect on first side lobe level while the dielectric constant of the material
of the antenna plays a minor role in the first side lobe level. It is observed from Fig. 6 that the
experimental normal and cross-polarization patterns of solid dielectric diagonal horn antenna in
the H/E plane are in agreement with the theoretical result. It is obvious from this figure that
the solid dielectric diagonal horn antenna, first side lobe level and hi ghest back 1obe level are
nil. Further, the solid dielectric diagonal horns under study have reduced beamwidth, no side
lobe/back lobe-levels, and a cceptable cross-polarized level. In case of hollow dielectric
diagonal horn antenna, side lobe levels and highest back lobe level are present while in case of
solid dielectric diagonal horn antenna, first side lobe level and highest back lobe level are nil.
Beam is sharper in case of solid dielectric diagonal horn antenna in co mparison to hollow
dielectric horn.

DIELECTRIC CONSTANT OF DIELECTRIC (WHITE ACRYLIC) SHEET= 254 DIELECTRIC CONSTANT OF DIELECTRIC (THIN PERSPEX) SHEET = 256
THICKNESS OF DIELECTRIC SHEET = 0-15¢m THICKNESS OF DIELECTRIC SHEET = 0-15¢cm

FREQUENCY = 9-418 GHz FREQUENCY = 9418 GHz

o— —e THEORETICAL NORMAL ¢~'—+ THEORETICAL NORMAL

o ---0 EXPERIMENTAL NORMAL 0----0  EXPERIMENTAL NORMAL

% —= THEORETICAL CROSS- POLARISED = THEORETICAL CROSS-POLARISED

0 \.— — EXPERIMENTAL CROSS-POLARISED 0 'Qw\ 4—-—  EXPERIMENTAL CROSS-POLARISED
\

RELATIVE POWER LEVEL (dB)
' . '
RELATIVE POWER LEVEL (dB)
' . .

L ! L L n L L s L ! |
0 10 60 90 20 150 180 0 30 60 90 120 150 180

ANGLE (DEGREES) ANGLE (DEGREES)
radiation pattern of hollow Fig. 4 H/E plane radiation pattern of hollow dielec

dielectric wall (acrylic) diagonal horn antenna wall (Perspex) diagonal horn antenna
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DIELECTRIC CONSTANT OF DIELECTRIC(THICK ACRYLIC) SHEET= 256 DIELECTRIC CONSTAT OF DIELECTRIC (PERSPEX) = 2:56
THICKNESS OF DIELECTRIC SHEET=0-32cm FREQUENCY = 9418 GHz

FREQUENCY = 9418 GHz +—-—+ THEORETICAL NORMAL
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Fig. 5 H/E plane radiation pattern of hollow Fig. 6 H/E plane radiation pattern of solid
dielectric wall (Perspex) diagonal horn antenna dielectric (Perspex) diagonal horn antenna
CONCLUSION:

The radiation patterns of solid and hollow dielectric diagonal horn antennas have been

studied theoretically and experimentally and it is found that the theoretical results are in good
agreements w ith t he cor responding exper imental ones . T hese ant ennas haver educed
beamwidth an d accept able ¢ ross-polarization | evel. T hese ant ennas ar e us eful in r adio
astronomy and satellite communication as a primary antenna.

Acknowledgement: One of the authors Dr V N Tiwari is grateful to Director, SMIT for his
permission to publish this paper.
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ABSTRACT:

This paper discusses the calibration procedure employed for correcting the non-

uniformities observed in the radiation pattern performance of the active phased
array antennas. These irregularities occur due to mutual coupling effects, the
amplitude and phase variations observed in the associated active electronics and
near-field s cattering pheno menon. T he measured r adiation patterns of a 3 20-
element act ive phas ed ar ray ant enna taken w ith and without co rrection
techniques e mployed as r ecorded i nanear field testr ange val idate the
calibration procedures.

INTRODUCTION:

Latest mul ti-functional radars for satellite, ground and airborne platforms are
demanding active phased array antennas in the present era owing to their multifunctionality
and graceful degradation features. Optimal performance of active phased array antennas is only
achievable by employing suitable calibration techniques to mitigate the non-uniformities
observed in the radiation pattern of the radiating elements due to the various factors such as
mutual coupling, the amplitude and phase sensitivities observed in the associated active electronics
and near-field scattering phenomenon [1,3].

ACTIVE ARRAY ANTENNA UNIT (AAAU) CONFIGURATION:

Active Array Architecture chosen is a large size 320 el ement A ctive A perture Array.
The 320 el ements Active Array Antenna Unit has been realized through 2 radiating segments
of 160 (16 x 10) elements each, arranged in a lengthy rectangular aperture of size 151y x 71,
(I is free space wavelength in s-band frequency for ease of construction and assembly. Each
array col umn of 10 el ementsis divided intot wo 5 -element s ubarrays and each of t hese
subarrays is driven through an independent T/R module. Thus, Active Array is configured with
64 Transmit/Receive (T/R) Modules to meet with the typical Radar System Requirements,
especially for airborne surveillance. A rectangular array grid has been cho sen for location of
array elements, so as to meet with a maximum scan angle requirement of >+60° in Azimuth
array while providing a limited scanning of +2.5° in Elevation. The spacings are 0.5 I, and
0.81 in Azimuth and in Elevation respectively. Fig. 1 shows the arrangement of T/R modules
on one antenna segment feeding 160 (16 x 10) elements. The Elevation Amplitude Taper for

realizing a br oad beam with sidelobe levels <-25dB is built integral with the two 5 e I{ SEARCH
subarrays of each column array. The azimuth beam pattern with low sidelobe levels of —40dB

is realised through complex excitations programmed in the T/R Modules.

64
Centre for Research in Electromagnetics and Antennas CREMA


mailto:virendrakumar10@gmail.com�
mailto:kedar_ashutosh@yahoo.co.in�

LR
Hll

NNEEEE
:Cﬁi}l‘il"%ﬁkgl-A PSYM 2008

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

The feed network is integrated with a stripline edge coupler at each subarray level
to tap the BITE and s ignal samples. The BITE samples are then distributed using W ilkinson
Power Dividers/Combiners.

g g
ﬁpﬁp&!ﬁlﬁlﬁl&!ﬁlﬁlﬂl&‘:l‘.ll‘.lﬂl&

# %ﬁl

Y

TRMs
—]

TRMs

\

q
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Fig. 1. Schematic showing T/R modules arrangement in one segment

CALIBRATION:

The Amplitude and phase characteristics of passive circuit viz., pickup element, BITE
Feed N etwork and Cables in the Injection path of each of the T/R module is measured as
calibration ratio in t he A ntenna C hambers ( NFTR) dur ing t he pat tern measurement of the
Active array unit. The calibration ratio measurement setup is shown in the Fig. 2. Calibration
ratio=Probe value-Injection value. In NFTR the calibration ratio measurement is carried out at
fixed temperature (~22°C) for 41 spot frequencies for both the left and right antenna panels.

Probe Path
Injection Path
T BITE :
Pickup
' FEED N'W Element N
NWA/CU l
REN/W [T TRM 7

I Radiating
Element

Calibration Ratio= Probe value — Injection Value

Fig. 2: Calibration ratio measurement setup

The bas ic con cept in cal ibration of T /R M odules is to S witch ON only 1 s elected
module out o f° N’ ( 64) M odules w ith r est of N -1 M odules i n O FF St ate. Sa mp_
Amplitude and Phase Values of the ‘ON’ Module through Sum/CAL Receive Chanr SE REi
Central Unit by injecting the appropriate BITE / CAL RF Signal through BITE / CAL Feed
Network.
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CALIBRATION PROCEDURE FOR ACTIVE ARRAY:

In order to realize low Side lobe Levels of the order of -30 dB in Receive Mode and
good Beam Pointing Accuracies of the order of 0.1°, the Aperture have to be close Phase and
Amplitude matched over the operating frequency bandwidth and temperature. The purpose of
the cal ibration is to co mpensate the phase and amplitude variations o f A ctive T/R M odules
over a period of time.

TRANSMIT PATH CALIBRATION:

During transmit mode calibration as shown in Fig.3, Tx drive signal from the CU is fed
asinput toall T/R modules t hrough R F feed net work. The s elected T /R module, w hose
transmitter is ‘ON’, amplifies the Tx drive signal and radiates. The other T/R modules are in
‘OFF’ state (kept in Rx mode with proper isolation). T his radiated signal is received by the
pickup el ement of the radiating s egment and pas ses through B ITE/CAL feed net work. T his
BITE/CAL signal is s witched to the input o f Sum/CAL receive channel by the BITE/CAL
control network in the CU. The sample of the SUM/CAL receive channel is digitized as base
band I and Q data and s ent to the RC for computing the amplitude and p hase values of the
selected T/R module. The Module to be ¢ alibrated is set for 0dB attenuation, 0° Phas e State
during transmit mode at the 1* iteration. T he am plitude and phase values are computed by
adding t his s ampled ( injection pat h) va lue t o t he r espective cal ibration r atio va lue. As the
transmit amplifiers are saturated, phase calibration only required to co-phase all T/R modules
to with in one LSB of 0° phase value.

Injection Path

THDRIVE BITE/CAL l BITE Pickup
BITES FEED N/W Element
CAL ﬁ

SUMICAL Rx_| Control
+——uetwork|  |TXDRIVE

RFFEED L  1pp
N/W

cu

Fig. 3: Transmit Path Calibration

RECEIVE PATH CALIBRATION:

Injection Path

TX DRIVE BITE/CAL f BITE Pickup

BITES FEED N/W Element

CAL N

SUMICAL RX ﬁcgjvtrOL
[=Hviiely
B RFFEED f—r) Ry
N/W

cu

Fig. 4: Receive Path Calibration

During receive mode calibration as shown in Fig. 4 below, Tx drive signal from the CU
is switched to the BITE/CAL signal in the BITE/CAL control network and fed to the pi
element of the radiating segment through BITE feed network. The selected T/R m
whose receiver is *ON’, amplifies the signal received through its antenna from the pick up
element radiation. The other T/R modules are in ‘OFF’ state (kept in Tx mode with proper

T his amplified s ignal of the T/R module pa sses t hrough R F feed net work™ ~
cnannet o1 monopusle co mparator of the B FU. T his Sum signalis fedtotheinputot
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Sum/CAL receive channel by the BITE/CAL control network in the CU. The samples of the
Sum/CAL receive channel is sent to the RC for computing the amplitude and phase values of
the selected T/R module. The Module to be calibrated is set for attenuation state corresponds
to di stribution value, 0° Phas e St ate at the 1*' iteration. T he a mplitude a nd phas e val ues
required for ca libration ar e c omputed by ad ding t his s ampled ( injection pat h) val ue to the
respective calibration ratio value. As the receive amplifiers are linear, all T/R modules needs to
be calibrated to their respective distribution values within 1 LSB and p hase calibration is
required to co-phase all T/R modules to with in 1 LSB of 0°phase value.

Signal level received at the input of Sum/CAL receive channel of Central Unit from
any one of the T/R module through the pick up element is in the range of -50dBm to -70dBm
during in-system calibration for transmit and receive states. A single calibration pulse is sent to
each T/R module, to sample its amplitude and phase values both in transmit and receive modes.
Pulse modulated CW signal of 20msec pulse width and 200 msec PRT (10% duty) is used as
calibration signal both in transmit and receive modes. Timing unit of the central unit generates
a cal ibration d well cons isting of N (no. of T/R modules) +2 du mmy pul ses. T wo du mmy
pulses at the start and end of the cal dwell used for sending calibration commands to AAAU.

RESULTS AND CONCLUSION:

Transmit bore sight pattern at center frequency is shown in Fig. 5(a). The first side
lobe level is —13.51dB and t he beam width is 3.38 degr ee with a bea m pointing error of the
order of -0.31 degree. Receive bore sight pattern at center frequency is shown in Fig. 5(b). The
first side lobe levelis —32.75dB and the beam width is 4.89 degree without any beam pointing
error. In this paper, we have presented procedure for transmit path calibration and receive path
calibration of 320 Element Active Array Antenna.
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ABSTRACT :

In this paper, design and development of electrically small, broadband blade
dipole antennai s p resented with measured r esults. T he antenna cover s a
frequency band of 20-500 MHz. Here, a narrow band resonant dipole antenna is
transformed into a broadband dipole antenna. This broadband transformation is
accomplished with s pecially des igned and devel oped impedance matching
circuit. The i mpedance matching circuit transforms the frequency dependent
antenna impedance to 5@ system impedance to achieve the VSWR less than
3.5:1 over wide b and with m inimum insertion | oss. A ntenna el ements are
realized i n p rinted form s o t hatitcan f itin t he aer odynamically des igned
radome for airborne platform.

INTRODUCTION:

Dipole and m onopole antenna el ements are preferred antenna s tructures for airborne
platform as these antennas can be realized in compact form with less weight. Apart from size
and weight, air drag on the antenna structures is an important factor for airborne applications.
Hence, they are required to be shaped aerodynamically. Printed radiating elements in the form
of blade are best suited for such applications. Blade antennas in monopole configuration are
used on airborne platforms where the metallic skin of the aircraft provides a ground plane as
part of the antenna. Problem related to this ground plane dependency of the antenna can be
solved by use of dipole antenna in blade form. Such type of dipole antennas beco mes v ery
essential in airborne platforms such as UAV (Unmanned Aerial Vehicle) and aerostat where
there is no metallic g round p lane avai lable to s upport monopole ant enna el ectrically. On
platform like aerostat the system is generally suspended under the balloon in a w ind screen.
Also, the antennas must be installed lower than the equipment to have a clear view without any
obstruction. A di pole ant enna i s the most suitable candi date i n s uch t ype of appl ications.
Conventional b roadband bi conical an tennas ¢ annot be us ed at such p latforms becaus e t hey
require full size (A/2) for their operation [1]. This requirement increases the size and weight of
the ant enna w hich ar e cons idered as t he critical factors i n s uch pl atforms. M oreover, 1tis
difficult to shape these structures aerodynamically for reduced air drag. Considering the above
facts, a light weight, compact, low profile, electrically small, omni directional antenna has
designed and devel oped. T his pr inted circuit ant enna can be eas  ily encaps ulatedi n
aerodynamically shaped blade form for low air drag on airborne platforms.
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DESIGN APPROACH AND REALIZATION:

The schematic diagram of the developed antenna is shown in Fig. 1. It consists of two
radiating elements printed on one side of an FR4 substrate of thickness 1.6mm.The width of
these elements were kept A/150 only to reduce antenna size and weight, while keeping it
sufficient for aerodynamic shape. Antenna dimensions are 0.05Ax0.007Ax0.00009A at lowest
frequency of operation. Antenna is fed coaxially using a 0.141” di ameter coaxial cable. The
unbalance current on the outer surface of the coaxial cable is suppressed by use of ferrite beads
over it.

N[F) yin\
///EDEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE--

Ferrite Bead

Feed Matching circuit
Fig.1. Sketch of the Antenna

In order to achieve the pattern bandwidth in 25:1 ratio (20-500 M Hz) total length of
antenna elements is restricted to 1A at highest frequency of operation [2]. The length of this
antenna is only A/25 at lowest frequency of operation. Fat planar elements are used to get
improvement in impedance bandwidth up to a limited extent [3].Hence, a matching circuits has
been incorporated with this antenna for covering large frequency bandwidth of 20-500MHz.

For impedance matching circuit, a - transformation circuit topology has been used [4].
This type of circuit topology is shown in Fig. 2. In this circuit both the components B; (L or C
)and X; ( C or L) acts as the impedance transforming elements while the third component B3
(L or C ) is the compensation el ement that tunes out the e xcess reactance for the first two
elements. [f R” and R’ are the first level and second level transformed resistances and X’ and
X’? are the first level and s econd level transformed r eactances; Q ; and Q, are the quality
factors of corresponding levels then these parameters are related as follows: -

R'=R/ 1+Q1% oo (1) X Z-R'Q1 oeerereeeeeeens (2)
R” = R’ (1+Q2°) weevverererenene. (3) X" =-R”"/ Qs oreerrnrenn. (4)
Xz
«— To
antenna
— | Bs —> B. R
R”,X RI,

”n \VZ24

Fig.2. - transformation circuit
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In order to maintain Q values constant, custom built toroidal inductors were used to
match the antenna over the frequency band of interest.

MEASURED RESULTS AND DISCUSSIONS:

The antenna was evaluated for its VSWR using M/s Agilent ES071C Network
Analyzer. The measured VSWR plots without impedance matching circuit and after integrating
the impedance matching circuit are shown in Fig.3 and 4 respectively. It is observed from the
measurements that the VSWR of the ant enna has i mproved very s ignificantly, s pecially at
lower end of the frequency band, by use of impedance matching circuit. The maximum VSWR
is< 3.4:1 throughout the req uired band. T he ant enna w as eval uated f or itsr adiation
characteristics in ground reflection test range. Measured elevation and azi muth plane patterns
at 20M Hz, 200MHz, 250M Hz and 500M Hz are shown in Fig.5. A chieved omni deviation is
within &+ 2.5dB and 3dB elevation beam width is more than 40°. At 20MHz the electrical length
of the antenna is very small due to which the elevation pattern at this frequency is circular.
Measured gain varies from -35 dBiat 20MHz to + 2 dBiat 500M Hz. T he antenna w eight
without radome is less than 250 grams.

1. 000 g <
Start 20 MHz IFEWY 70 kHz Stop 500 MH: Il

Fig.3. Measured VSWR plot without matching network

iy

1.000 h 4 /j
Start 20 MHz IFEWY 70 kiHz Stop 500 MHz Tl

Fig.4. Measured VSWR plot with matching network SEARCH
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a) Frequency : 20 MHz b) Freauency : 200 MHz

H- —

F_Dlanas

c) Frequency : 250 MHz d) Frequency : 500 MHz

Fig.5. Measured E and H plane radiation
CONCLUSIONS:

An electrically small, light weight, compact printed circuit dipole antenna has been
designed and devel oped. T he antenna shows wide bandw idth and can be easily enclosed in
aerodynamically shaped radome. It is linearly polarized and exhibits omni directional coverage
in one plane and directional in other plane with sufficient elevation coverage. Antenna finds
use in U AV, Aerostat and ot her s imilar ai rborne pl atforms for di rection finding, s pectrum
monitoring and in communication systems.

REFERENCES

1. John D . K raus, R onald J . Marhefka, “A ntennas f or al | appl ication” 3" ed., T ata
McGraw-Hill Pub. New Delhi, pp 380-385,2003.

2. Richard C. Johnson, “Antenna Engineering Handbook”, 31 ed., McGraw- Hill, Inc. Pub.
New York, pp 4-10 to 4-12, 1995.

3. Y.T. Lo/ S.W. Lee, “Antenna handbook”, Volume-I, Van Nostrand Reinhold Pub. New
York, pp 3-27 to 3-30,1994.

4. W. Alan Davis, K. Agarwal, “Radio frequency circuit design” 1* ed. John Wiley & SEARCH
Inc. Pub.,pp 33-35, 2001.

72
Centre for Research in Electromagnetics and Antennas CREMA



Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

DUAL PORT FREQUENCY RECONFIGURABLE RADIATOR FOR
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ABSTRACT:

This paper presents a des ign for T- shaped coupled patch antenna with two U
shape el ements f or achi eving ant enna r adiate and t ransmit t ransmits equal
amount of pow er, keeping return loss higher for oscillator type active antenna
operations at two frequencies using switches. Ideal ON condition has T coupled
patch with coupled U structures which gives 8.5GHz and i deal OFF condition
has T coupled patch with U shape coupling which gives 6.25GHz.

INTRODUCTION:

An oscillator type active antenna required a two port antenna as a feedback network
with a mplifier t o behave as an os cillator. This t wo port antenna w orks as load and a s a
resonator also for amplifier. For this kind of application two port antennas should be capable in
both, to radiate in free space and transmit to second port the same amount of power [1]. T-
shaped coupled patch antenna is useful in oscillator type active antenna operation because, it
eliminates t he us e of D Cb lock. T his ant enna w as des igned us ing convent ional des ign
equations. T he return loss an d coupl ing can be cont rol by changing w idth of gap and the
thickness of the coupling element [2]. The frequency of resonance is function of length. Both
resonant frequencies of the patch antenna are decided by the length (L) and width (W) of the
antenna. Hence it was considered that by using switching diode, one could vary the dimensions
and get r equired f requencies. T wo U s hape s tructures w ere us ed t hat i ncrease phy sical
dimension of antenna in switch on condition. The design of proposed antenna is described. The
transmission line matrix based simulation software Microstrip 7.0 was used. The results of the
simulation and experiment are presented and discussed .The radiation pattern was measured in
H plane and E plane using UWB Pyramidal horn antenna.

DUAL - PORT FREQUENCY RECONFIGURABLE ANTENNA DESIGN:

The designed antenna was a T- shaped coupled Patch antenna. T he first step in the
design w as to specify t he di mensions of a microstrip patch antennai.e. L, W. T he patch
conductor can be assumed at any shape, but generally simple geo metries are used, and this
simplifies t he analysis. H ere, t he ha If-wavelength rectangular pa tch e lement is cho sen as
element (as commonly used in microstrip antennas). Its characteristic parameters are the length
L, t he width W, and t he t hickness h, as s howninFigure 1. T om eet the i nitial des ign
requirements ( operating f requencies = 6.25 and 8.5 G Hz) var ious ana lytical appr oximate
approaches may be used. Here, the calculations were based on the transmission line m
Although not critical, the width W of the radiating edge is specified first. The rectangular
geometry was chosen. In practice, the length L is slightly less than a ha If wavelength (in the
dielectric) [3].
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Resonance frequency of antenna can be chan ge by varying length of antenna. For this
purpose PIN diode can be used to switch between two frequencies. For simulation purpose two
states of ideal diodes was considered.

a)When an ideal diode is forward biased it behaves as a conducting strip which offers
path for RF and DC also. This state refers to ON state.

b)When an ideal diode is reverse biased it behaves as infinite impedance which blocks
RF. This state refers to OFF state

The pr oposed antenna in ideal O FF s tate o f di ode w as realized by non connect ion
between T shaped coupled antenna and two U shape structure, as shown in figure (2a), and
radiates at f; frequency. T he proposed antenna in ideal O N s tate of diode w as realized by
conducting s trips of w idth 0.5m m be tween T s haped co upled ant enna andt wo U s hape
structure, as shown in figure (2b), and radiates at f, frequency. The U shape structure, coupling
gap and strip width was optimized for required frequencies. The proposed antenna is printed on
a GML substrate with dielectric constant of €,=3.2 and a thickness of h=0.762mm. The ground
plane dimensions are 25.4 X 25.4 mm”. The dimensions of antenna are L=18.79 mm, W=14.5
mm, G=0.1lmm, W;=0.25 mm, L; =20 mm, W,=18 mm.

RESULTS AND DISCUSSION:

Measured and simulated return loss and coupling in OFF state and ON state are shown
in figure 3 (a) and 3(b) respectively. The comparison of measured and s imulated, return loss
and coupling shown in Tablel. The frequency of measured result shift 5.4%, 9.6% more than
simulated result for ON state and OFF state respectively. There is slight shift in frequency but
measured r eturn | oss and cou pling ar e much bet ter than s imulated r esults. C omparison of
HPBW is shown in Table 2. OFF state has same HPBW in both plane, while ON state has
narrow beamwidth in H plane, means antenna become directional in ON state. The radiation
pattern in H plane and E plane for OFF state and O N state are shown in figure 4(a) and 4(b)
respectively. In ON state antenna is directional, while OFF state antenna is omni directional.
For better results and miniaturization of this circuit, it can be fabricated Monolithic Microwave
Integrated Circuits (MMIC) and using micromachining process for RF (MEMS).This scheme
shows the satisfactory results and good agreement with theoretical result.

Tablel. Measured and simulated return loss and coupling

Measure | Simulated Measured | Simulate
d d
ON State OFF State
Frequency (GHz) | 8.56 8.12 6.25 5.7
Coupling(dB) 3.03 2.38 2.85 4.48
Return Loss (dB) | 27.24 12.33 20.9 14.48

Table2. Half power beamwidth of proposed antenna

Frequency (GHz) Beamwidth in H Plane Beamwidth in E Plane
8.5 (ON state) 60° 160°
6.25 (OFF state) 165° 165°
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CONCLUSION:

The des ign, s imulation and experimentation of microstrip pat ch w ith f requency
switching capabilities are discussed. This is designed with approximately 160° beamwidth and
useful i nact ive ant enna des ign. T he s witching bet weent wo f requenciesi s obt ained
successfully in this proposed antenna. This proposed antenna is never reported in the literature
as far as my knowledge. People reported T- coupled antenna without reconfigurable features.
But this proposed structure include the reconfigurable features and shows good results.
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ABSTRACT:

High ener gy neutrino i nteractions i n t he 1 unar r egolith p roduce V HF r adio
emission (RE). Along with VHF emission VLF-LF RE are also emitted from the
lunar r egolith-vacuum i nterface duet o e xcess char ge mechanism. M any
experiments are underway for detecting these VHF RE from lunar surface. We
have proposed a det ecting system to detect VLF-LF lunar pulses. A LF loop
antenna is designed for this detecting system for investigating the lunar radio
environment.

INTRODUCTION:

The ul tra hi gh ener gy neut rino i nteractionsi n the lunarr egolith ca n initiate
electromagnetic shower. The theory of radio emission from showers in dense materials due to
negative excess charge mechanism was formulated by Askaryan[1].Radio frequency detection
of high energy cascades in solid media can be applied for the investigation of UHE neutrinos
and their interactions. The search for the UHE neutrinos requires enormous detector volume,
because their flux is extremely low and t heir interaction cross s ections are very small. The
moon of fers a s urface ar ea of 107 km® and a vol ume o £10 ' m’. D agkesamansky a nd
Zheleznykh [2] proposed to detect showers initiated by neutrinos by measuring coherent radio
Cherenkov radiation (RCR) emitted from just below the surface of the moon. Recent analysis
has led to a number of experimental searches for high energy neutrinos by exploiting the effect
at energies up to 10° eV or more in lunar regolith, using large ground based radio telescopes.
RCR pul ses have been s tudied theoretically and experimentally for many years by di fferent
groups all over the world [3] [4].

Recently LORD(Lunar orbital Radio Detector) experimental project has been proposed,
where an array of antennas at VHF band is installed on board of a satellite orbiting the moon
with orbit altitude of 100-1000km [5]. The ELVIS [6] (Electromagnetic Vector Information
Sensor) instrument w as also recently proposed for the Indian C handrayaan-1 mission to the
moon and is presently under consideration by the Indian Space Research Organisation (ISRO).
The scientific objective of ELVIS is to explore the electromagnetic environment of the moon.
Antennas would navigate the lunar surface and detect short radiopulses of nanosecond
duration. Along with the VHF RE, VLF-LFR E is also emitted from the lunar-vacuum
interface due to excess charge of the cascades [7].

It is quite evident that simultaneous investigation of VLF-LF RE and VHF RE couraoe
more useful for getting confirmed information of the original event characteristics as well as of
the lunar environment. We have proposed a method for investigating the VLF-LF pulses to be

t he 1 unar or biting s atellite bor ne det ectors [ 8]. I n t his paper, t he des ig
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characterization of a L F loop antenna is discussed which is an i mportant component of the
proposed experimental set up.

METHOD:

Block diagram of the proposed experimental set up for receiving lunar radiopulse and
then transmitting the same to s atellite borne or earth based radio telescope is shown in the
figure 1.

Matching [#——| Transponder [#—— Matching 4 Loop ‘ib\-"LF-LFREfrDm

unit unit antenna MOCN-VACTITHI
¢ interface

i —® Transnussion to satellite borne radio antenna
Helical
antenna
L g Transmission to earth based radio antenna

Fig 1. Block diagram of the proposed Experimental set-up.

DESIGN OF THE LOOP ANTENNA AT 2MHZ:

The s hape of the loop antenna is m ade hex agonal to get al arger loop area thanits
equivalent area with the same perimeter in case of a square loop. The circular shape of the loop
is not preferred becaus e of practical di fficulty in cons tructing an exact circular s hape. T he
number of turns we took is 17 where the copper wire used is of SWG 14 (i.e. almost 2.14mm)
the winding pitch is maintained at 4-5 mm. Larger the diameter of the wire more will be the
sensitivity of the loop. The design of the antenna is done using the software rjeloop3, which
describes efficiently about the parameters ne eded for the matching of the loop at its desired
frequency. Corresponding to the data given in table 1, a self resonance frequency of 2.6 MHz
approximately, which is near to the desired frequency by our antenna i.e. 2MHz, is obtained.

DESIGNED PARAMETERS:

Table 1.

1. Desired working frequency of our antenna 2 MHz
2. Wavelength A=150m
3. Shape of the antenna Regular hexagon each side with 0.5m
4. Wire in SWG 14 (b=2.14mm)
5. number of turns N=17
6. Spacing between windings c=4mm
7. Wire material copper
8. Conductivity 6=5.7"10'Q"'m*

, , , SEARCH
The inductance measured with LCR bridge was found to be 506.5mH. For p

resonance we need a capacitance of 12pf. We used a variable capacitor in the range of 5-30 pf
to tune the antenna to 2 MHz. Some parameters estimated for the loop antenna are as follows:
=27Q
Q factor =235.7
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From this we can find out the fieldstrength if we have the output voltage from our
loop. We designed our transmitting antenna which transmits the source frequency i.e.1.99999
(=2MHz). The wire diameter is 0.04mm, it consists of total 19 turns where we had the feed
point at six and half turns which exactly matched the transmitting frequency of ~2MHz. It
has a standing wave ratio of < 1.5.

TUNING OF THE RECEIVING ANTENNA:

We kept the receiving antenna at a distance of 5-8m from the transmitting antenna.
For resonance a capacitor of the desired value is connected across the loop. Then changing
the transmitting frequency from the transmitter the output voltage of our receiving loop is
studied from the CRO which is coupled directly. From the variation of received voltage with
frequency, graph given in fig 2 is obtained.

The bandwidth is found to be almost 500 KHz, the resonance portion with
magnification is shown in fig 2. Thus we found that our antenna is tuned to our desired
frequency =2MHz. Here we have not used the preamplifier as the distance between the
transmitter and the receiver is less. For larger distance we need a preamplifier which we
designed with a transistor 2N918.
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]

o
=
[ (IR, X T
o
I

Frequency in MHz
FIG. 2. Tuning of the receiving antenna
POWER AND FIELD STRENGTH CALIBRATION:

The set up is same as that of the tuning section , only the distance is increased up to
8m. Then by changing the transmitted power from the transmitter through the transmitting
antenna we observed the data (voltage peak) from the CRO. This calibration curve helps us in
determining an unknown source of power by observing the voltage response at the output.

The fieldstrength received by the antenna is calculated from the loop sensitivity
equation. The calibration curve is obtained by plotting the receiving voltage vs the
transmitting power as well as the fieldstrength. The calibration curve is as shown in fig 3 and

fig 4.
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ANTENNA ALIGNMENT OBSERVATION:

We checked our antenna for the directional pattern by keeping the receiving loop
antenna at a distance of 30m from the transmitting antenna in a ground plane.

The directional pattern for different angles shows a good variation in the receiving
voltage by our loop (fig5). This property of the loop antenna is used for direction finding
application. From power received by the VHF satellite borne antenna orbiting the moon,
several important characteristics of the neutrino event can be determined. Fieldstrength of
VLF-LF RE from moon-vacuum interface due to excess charge can be calculated
theoretically [9].

Angle in degree

=
-

-0.1 4
-0.2 A
0.3 A
0.4 1--
0.4 A
0.6 -

0.7 -

Mormalised antenna output in dB

Fig: 5. Directional pattern of the receiving loop antenna
The proposed experimental investigation described above is conceptualization of the
Transition Radiation (TR) model developed [7].
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. . : 2 AN cos F
Voltage induced in the loop antenna will be, Vg, = PE s ] cos (1)
: VRZMS
Power absorbed by the loop antenna is P, = 2R (2)

where R, = radiation resistance of the antenna [8].

Knowing the characteristics of the coaxial cable and different units of the frequency
converter and helical antenna, power radiated by the helical antenna can be determined, i.e.
power gain of the experimental set up can be estimated. Hence from the power received by
the satellite borne VHF antenna, Vrus can be estimated from eqn (2) and then Ervs from eqn
(1). Knowing E grums, several characteristics of the original particle events in the lunar
regolith can be estimated.

DISCUSSION AND CONCLUSION:

Observed char acteristics of t he des igned loop matches w ith i ts des ired working
condition. A fter des igning an d fabricating ot her uni ts of t he proposed set up, i ts over all
efficiency can be tested. Results obtained with such set up erected on the lunar surface can be
compared with those from LORD experiment (HF detection). Such co mparison would give
valuable information on lunar electromagnetic environment.
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ABSTRACT:

A new compact coplanar waveguide fed slot antenna is proposed.The antenna

hasas mall s ize of 26x26 m m’ and pr ovides ul tra w ide band width. The
antenna cons ists of at riangular aper ture on a pr inted ci rcuit boar d g round
plane and a T-shaped exciting stub. The proposed planar coplanar waveguide
fed antenna is easy to be integrated with radio-frequency/microwave circuitry.

INTRODUCTION:

Recent years have witnessed an increased interest in ultra wide band antenna since
the adoption of UWB technology by FCC in 2002. One of the most important issues in a
UWB s ystem ist o deve lop compact and wide band ant ennas. In cont rastt o the pat ch
antennas, antennas with slot c onfigurations e xhibit improved characteristics including wide
bandwidth, less conductor loss and better isolation etc. The coplanar feeding mechanism can
easily accommodate passive and active components without any via hole. In this paper,a
novel UWB slot antenna fed by a grounded CPW is proposed. A 2:1 VSWR band width from
3.4 to 10GHz is observed. Antenna gain and radiation patterns are also presented.

DESCRIPTION OF ANTENNA GEOMETRY:

Fig 1 shows the geometry and configuration of the proposed antenna. The antenna
consists of a triangular slot etched on a single sided substrate and a CPW fed T shaped
antenna for excitation.. D esign of the triangular aperture is determined by m inimizing the
aperture ar ea while s atisfying t he 1 nput i mpedance matched f ort he U WB band. The
excitation of the antenna is formed by a s imple T-shaped structure as shown in Fig. 1. T he
width of the CPW line is fixed at 3 mm and the width of the gap G between the line and
symmetric ground plane is fixed at 0.5 mm to achieve 50€2 characteristic impedance.

EXPERIMENTAL RESULTS:

The commercial simulation tool Ansoft HFSS is employed to perform the design and
optimization process. The optimized antenna is implemented on a low cost FR4 substrate
with dielectric constant 4.4 and thickness 1.6mm. The measurement of return loss is carried
out with an HP8510C network analyzer. Fig 2 shows the measured return loss of the antenna
along with simulation. A good agreement between simulation and measurement is achieved.
The first resonance is produced due to ground and second resonance is due to the T structure.
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Figure 1: geometry of the proposed antenna
L1=26,L2=26,13=22,14=10.5,L=12,W=3.5,H=9,T=2,G=0.5,S=3(unit:mm)
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Figure (2) Measured and simulated Return loss of the proposed antenna
Fig 3 shows t he measured radiation pa tterns of the an tenna at 4.5 and 9 G Hz
respectively. The patterns are nearly omnidirectional as required for UWB applications. Gain
of the antenna for the entire band is also measured and plotted in Fig 4. As shown in the
figure, gain is almost constant in the entire frequency band.

CONCLUSION:

In this paper a compact UWB slot antenna is proposed. The antenna structure is
simple and the aperture size compact.Broad impedance band width, stable radiation patterns
and constant gain are also observed.
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(a) (b)

Figure (3) Measured Radiation patterns of the antenna at (a)4.5GHz and (b) 9GHz
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Figure (4) Measured gain of the antenna
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ABSTRACT

Dual substrates bas ed on Sr;CerTisO;¢ and S mySi,O7 ceramic ]l oaded
polystyrene were prepared using melt mixing and hot moulding technique. A
very thin layer Cu was electroplated on both surface of the composites. Then
micro strip patch antennas were made on the substrates and their properties
were investigated.

1. INTRODUCTION

Ceramic dielectric resonator antennas are bec oming popular in microwave and
millimetre-wave applications because of the advantages such as no conductor loss, frequency
stability at var ious temperatures associated with their low temperature coefficient and
radiation patterns that vary with the excited mode!'. They are simple to integrate into existing
fabrication technology and have flexible design process with numerous design parameters
such as shape, size, aspect ratios and permittivity. The substrates carrying the antenna should
possess certain important characteristics such as (i) low dielectric constant e, < 10 (to increase
the signal speed), (ii) low dielectric 1oss or high quality factor (to increase selectivity), (iii)
high thermal conductivity (to dissipate the heat generated), (iv) low or matching coefficient
of thermal expansion to that of the materials attached to it, (v) low temperature coefficient of
resonant frequency ti'*** Ceramic-polymer composites consisting of ceramic particles
filled in a po lymer matrix are now widely used in the electronics industry as substrates for
high f requency us es, since t hey com bine t he el ectrical p roperties o f ce ramics and the
mechanical flexibility, chemical stability and processing possibility of polymers!'-..

The radiation from microstrip antennas occurs from the fringing fields between
the edge of the antenna conductor and the ground plane. The factors affecting the overall Q
factor of t he microstrip ant enna ar e r esonator dimensions, oper ating f requency, r elative
permittivity and the thickness of the substrate. The theoretical and experimental results show
that at high frequencies the radiation 1oss is much larger than the conductor and di electric
losses. Also an open-circuit microstrip radiate more power when fabricated on thick low
dielectric con stant s ubstrates. In the present study we focus on t he app licability of a dual
substrate for antenna applications. This dual substrate consists of two dissimilar materials
with different relative permittivities. The relative permittivities are chosen such that the ratio

is nearly 2, which provides maximum radiation. SEARCH

2. EXPERIMENTAL

The two dissimilar materials, Sr,Ce;Ti50;5 (SCT) and S m;Si,07 ceramics nsed
t investigation w ere prepared by conventional solid state ceramic route. ..._..

e
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purity Sr CO3, TiO; and SiO; (99.9+%, Aldrich Chemical Company, Inc, Milwaukee, WI,
USA) and C eO; and Sm 1,03 (99.99%, Indian R are E arth Ltd, U dyogamandal, I ndia) w ere
used as the starting materials. Stoichiometric amount of powder mixtures were ball-milled in
distilled water medium using yttria-stabilized zirconia balls in a plastic container for 24h. The
slurry was dried, ground, and calcined at 1250 °C for 4h. The calcined p owders were fine
grained and sieved using 45-um sieves. Polystyrene (PS) (Nikunj Industries, Mumbai, India)
was used to make the composites The polystyrene - Sm,Si,07 and polyethylene - SCT were
mixed separately in a kneading machine. T he kneading machine consists of variable speed
mixer having two counter rotating sigma blades and heating facility up to 350 °C. Different
volume fractions, 0t 00.50 fSC Tand S m»Si,O; ceramics w ere adde dt o the melted
polystyrene and blended at 150 °C for 30 minutes to obtain the desired permittivity ratio of 2.
Thus obtained com posite w ere hot pressed under a pr essure of 50 M Pa and 150 °C for 15
min. A fter t he hot pr essing, t he co mposites w ith des ired s hapes w ere pol ished. T he
microwave di electric pr operties of t he s ample w ere measured by t he ca vity per turbation
technique using HP 8510 C Network Analyzer (Agilent Technologies).

It was observed that PS/Sm;Si,07 composites obtained a relative permittivity value of
4.2 for filler content of 0.2 vt whereas PS/SCT composites exhibited a value of 7.5 for a filler
content of 0.3 vf. The dual substrate for antenna fabrication w as i mplemented w ith these
particular compositions. The dual substrate was made by hot pressing these composites in a
square die of dimension 50x50 mm with half the area filled with PS/SCT composites and the
other half filled with PS/Sm;Si,0; composites. A schematic representation of the dual
substrate is shown in Fig. 1.The dual substrate thus obtained is properly cladded with copper.
The microstrip antenna design obtained from simulation is transferred onto the substrate by
the process of etching.

-]

Fig. 1 Schematic representation of the dual substrate.
3. RESULTS AND DISCUSSION

Ceramic loaded polystyrene composite were prepared in desired shape by melt mixing
and hot moulding technique. Both sides of the (5x5 cm?) substrates were electroplated with
Cu. Then patch antennas of desired d imensions s imulated using HFSS w ere fabricated on
these substrates. The filling ratio of the dual substrates is varied step by step process and the
change in resonant frequency, gain and return loss is noted. Table 1 shows the variation in
resonant frequency, power and return loss with respect to width of the SCT loaded substrates.
It can be not ed from the table that as the width of SCT decreases the resonant frequency
increases.

In order to confirm the variation in resonant frequency with respect to the width oi“flf
SCT loaded polystyrene the variation in resonant frequencies of another FR4 epoxy 104 SEARCH
with split ring resonators is investigated. Here, FR-4 substrate is taken as one material and air
as the other, which is resonated using a split ring resonator (SRR). The position of the SRR
o= ko motob determines the effective filling ratio of FR-4 to air. An arbitrary position or <~
cuuruians 15 taken as the reference point (0,0). The position of SRR is changed to diffcicu
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points on t he rectangular coordinate and t he change 1 n resonant frequency, gain and r eturn
loss is noted as shown in table 2. The resonant frequency varies with the changing positions
of the SRR on the patch, i.e. the effective filling ratio is changed with the position. Hence the
phenomenon observed with the Strontium Cerium Titanate and Samarium Silicate ceramic

filled polystyrene dual substrate is empirically verified

Table 1 Variation in resonant frequency, power and return loss with respect to width of the SCT

loaded substrates.

Width of Resonant Power RTJ;Z”

SCT (mm) | frequency (GHz) | (dBm) (dBm)
10 2.25 -17 -25
7.5 2.325 -17 -17
5 2.375 -18 -12
2 2.45 -18 -10
0 2.55 -19 -7

Table 2. variation of resonant frequency of SRR loaded FR 4 Substrate.

Position of split ring Resonant Power (dBm) Return loss
resonator over the Frequency (dBm)
substrate (x,y) (GHz)
(0,0) 2.42 17 -11.5
(0,1) 2.50 17 -10.0
(-3,1) 2.50 17 -11.0
(-3,0) (optimum) 2.45 -17 -11.0

The radiation pattern obtained for dual substrates is shown in Fig. 1. The principle E

and H patterns of dual substrate antenna was taken at 2.25 GHz.

270

Fig. 1 The radiation pattern of the dual substrate.
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4. CONCLUSIONS

A novel dual substrate made of cer amic | oaded pol ystyrene i s con figured as a
microstrip pa tch ant enna. T he r esonant frequency of the p atch ant enna ¢ an be var ied by
changing the width ratio of the constituent materials in the dual substrate. This was verified
by using a r eference s ubstrate 1 oaded w ith split ring resonator and ana lyzing the r esonant
frequency chan ges with the position of the split ring resonator. An inverse relation exists
between the resonant frequency and the width ratio. Using the dual substrate configuration
it’s been showed that an arbitrarily low resonant frequency is achieved for a fixed dimension.
Enhanced performance characteristics can be achieved by configuring it as array of patches.
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A NEW DGS BASED MICROSTRIP RESONATOR WITH QUASI-
ELLIPTIC BANDPASS FILTERING CHARACTERISTICS

Tamosi Moyra', Susanta Kumar Parui? and Santanu Das?
!College of Engineering and Management, Kolaghat, and
’Department of Electronics and Telecommunication Engineering, Bengal Engineering and Science

University, Shibpur, Howrah — 711 103, INDIA
E-mail: arkapv@yahoo.com & santanumdas@yahoo.com

ABSTRACT:

In the proposed resonator, a new asymmetric defected ground structure (DGS)
is etched in the ground plane under a pair of end-coupled microstrip line. The
DGS cons ists of t wo s quare headed s lots connected t ransversely w ith a
rectangular slot. The DGS-microstrip resonator provides a band-accept
filtering characteristics. The presented equivalent circuit shows both resonant
and ant i-resonant pr operties. The circuit pa rameters ar e ex tracted. A bet ter
selectivity in lower transition band in comparison to upper transition band is
observed in the frequency r esponse. T he prototype i1s fabricated on A rlon
substrate and measured with a vector network anal yzer. T he simulation and
measurement results show good agreement.

INTRODUCTION:

A defected s tructure etched in the metallic ground plane of a microstrip line
effectively disturbs the shield current distribution in the ground plane and thus, introduces
high line inductance and capacitance of the microstrip line. Dumb-bell shaped DGS element
explored by D. Ahn offers the lowpass characteristic with one finite transmission zero [1-2].
Using the element, lowpass filter and bandpass filter are implemented in recent time [3-4]. A
filter with high selectivity would be preferable owing to the demand for currently expanding
communication systems within finite spectrum resources. It is well known that a filter with
attenuation zero and transmission zero at finite frequencies shows high selectivity. Few novel
DGSs with quasi-elliptical response was proposed [5-7].

The proposed asymmetric DGS pattern consists of two square headed t hin slots
connected with a rectangular slot under microstrip line transversely. The equivalent circuit is
modeled a sa L Cr esonant ci rcuit ins eries w ith t he ¢ haracteristic i mpedance of the
transmission | ine al ong w ith par allel capac itances. H igher val ue of par allel capac itances
provide sharper transition band. A DGS based resonator has been realized by a coupling gap
between microstrip lines over a proposed DGS unit. The coupled gap between microstrip
lines ove r pr oposed D GS uni t cr eates bo th s eries R C r esonant ci rcuit a nd par allel R C
resonant ci rcuiti n par allel t ot he capaci tance connect edi ns eries co nnected w ith a
transmission line of characteristic impedance Z (. The DGS resonator s hows a band -accept
filtering characteristics.

FREQUENCY CHARACTERISTICS:
Q SEARCH
allic

Along a microstrip line, a DGS can be achieved by etching an area in the met
ground plane. In the proposed DGS pattern, two square headed (of side length e) transverse
slots ( of | ength c and w idth g) connec ta r ectangular slot ( of 1 ength a and br eath b)
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transversely. The DGS microstrip resonator is constructed by the proposed DGS unit under a
pair of end-coupled microstrip line as shown in Fig. 1.

In order to investigate the frequency characteristics of the DGS resonator circuit, it is
simulated by the MoM based IE3D EM-simulator. The different dimensions of the DGS unit
are considered as b=10 mm, a=e=4 mm, d= ¢= 2 mm, and g=0.4 mm. The coupled gap (s)
between microstrip resonators is taken as 0.4 mm. The substrate with a dielectric constant of
3.2, loss tangent 0.0025 and thickness 0.79 mm is considered. The width (w) of the conductor
strip of the coupled line is taken as 1.92 mm, corresponding to 50Q2. The length of each
resonator line is taken as 8§ mm.

a
w

e T ',
I |
e __4______S2_®B ____W____ B _ _ f I
end-coupled .
microstrip line DGS (solid
(dotted area) area)

Fig. 1. Schematic diagram of the proposed DGS resonator ( dotted area are microstrip lines on signal plane and
solid area are slots in the ground plane)

The simulated magnitude of the S-parameters of the DGS resonator is shown in Fig.
2(a). The attenuation minima’s are obtained at 3.3 GHz and 4.5 GHz. The center frequency,
bandwidth and insertion loss are observed as 3.8 GHz, 55% and 0.8 dB respectively. The
rejection of the lower stop band is better than 40 dB, whereas it is only 12 dB for the upper
stop band.

-10 - / {\\‘,’7& —00—
2D - E

'%’ ) solidline
-60 L] L] L] L] L] L] L] L] 1
8 — —_—

Ereq‘ben (‘L;-’y, G(?-iz 7 Z -
SEARCH

(a) (b)

Fig. 2. DGS resonator: (a) IE3D simulated S-parameters and (b) proposed equivalent circuit
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MODELING AND PARAMETER EXTRACTION:

The equivalent circuit of a D GS under uniform microstrip line is generally modeled
as a L C resonant circuit in series with the characteristic impedance of the transmission line
alongwith par allel capac itances. T he equi valent circuit of the investigated DGS m icrostrip
resonator is r epresented by s eries r esonant and par allel r esonant ci rcuit connected w ith a
transmission line of characteristic impedance Z( as shown in Fig. 2(b). The series resonant
circuit composed of L and C gives attenuation pole at 2 G Hz and par allel resonant circuit
composed of L, and C, give zer o at tenuation frequency at4 G Hz. T he at tenuation ze ro
frequency is located higher than pole frequency. The extracted LC values are given by
L~=4.8nH, C&=1.5pF, C,=1.17pF, and L,=0.9nH for above dimensions.

FABRICATION OF PROTOTYPE:

The D GS resonator circuit is fabricated by ARLON make PTFE substrate and
measurement h as been car ried out by A gilent make vect or net work anal yzer of m odel
N5230A. The measured center frequency, bandwidth and insertion loss are obtained as 4.5
GHz, 45% and 1.2 dB respectively. T he measured S -parameter results are co mpared w ith
simulated and circuit model values in Fig. 3 and good agreement are observed among them.

09

10 A

320

-

30 A

o) o)

g‘40 solid line-- circuit e#0 1 solid line-- circuit

s dotline-- simulated % dotline-- simulate|

-50 hash 501 hash

_60 '60 T T T T T T T 1]

o 1 2 3 4 5 6 7
o 1 2 %reqtfenc;?,GH? v 8 Frequency,GHz
(a) (b)

Fig. 3. S-parameters of the DGS resonator :circuit ,simulated, and measured: (a) S21 (b) S11

INFLUENCE OF PASSBAND CENTER FREQUENCY ON OVERALL DIMENSION
OF DGS UNIT:

Varying the over all dimension of DGS unit, keeping relative ratios between different
dimensions (except g) fixed, we can change the over all pass band per formance of the filter.
The S-parameters are plotted for different distance b= 5 mm, 7.5 mm, 10 mm, and 12.5 mm
as illustrated in Fig. 4. The center frequency of the passband is reduced for increased
dimension of the DGS unit.
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Fig. 4. S-parameters of the DGS resonator for different value of b (a) S21 (b) S11

INFLUENCE OF PASSBAND INSERTION-LOSS ON DISTANCE BETWEEN THE
SLOT-HEADS:

Varying the dimension of slot heads, we can change t he passband of the filter. The
width (e) of the square slot is reduced by x, keeping the total length (b) of the DGS fixed; it
became rectangular in s hape and distance b etween the slot increases to d+2x. W e have
plotted the S-parameters for different distance between slots as illustrated in Fig. 5.

0 .
-10 A
3 L -10
J 201 S 15
2 -30 ? -20
© &
240 - g -25 | PY
£ solid line --- d=2 mm 30 | solid line -- d=2 mm
50 1 dot line --- d=2.8 mm dot line -- d=2.8 mm
hash line-- d= 4.4 mm -35 1 hash line-- d= 4.4 mm
'60 T T T T T T T 1 '40 T T T T T T T 1
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Frequency, GHz Frequency, GHz

(a) (b)
Fig. 5. Simulated S-parameters of DGS resonator for different value of d : (a) 521 (b) S11

The frequency response in Fig. 2(a), shows two attenuation minima’s at 3.3 G Hz
and 4.5 GHz in the return loss characteristics for d = 2 mm. The passband insertion loss of
0.8 and 3-dB bandwidth of 2.1 GHz are obtained. Now, we choose the slot heads of width 3.6
mm and the d istance be tween heads ( d) bec omes 2.8 mm. T he at tenuation minima’s ar e
obtained at 3.5 GHz and 4.3 GHz and observed insertion loss of 0.5 and 3dB bandwidth of
1.8 GHz as shown in Fig. 5. Both the minima’s came closer and passband insertion loss
improved. By adjusting the length of slot-head further, the two minima’s are made
overlapped at 3.9 GHz. As a result, an extremely low insertion loss (below 0.05 dB) and 3-dB
bandwidth of 1.4 GHz are observed in Fig. 5. Here, the width of the slot heads is 2.8 mm and

een slot-heads is 4.4 mm. For all three cases the length of the slot head has
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taken fixed as 4 mm. Thus, the passband insertion loss is improved by varying the slot-head
dimension.

CONCLUSION:

Along a microstrip line, a microstrip DGS can be achieved by etching an area in the
metallic ground plane. In the proposed DGS pattern, two square headed (of side length e)
transverse slots (of length ¢ and width g) connect a rectangular slot (of length a and breath b)
transversely. The DGS microstrip resonator has been cons tructed by the proposed DGS unit
and a pair of end-coupled microstrip lines. The equivalent circuit is represented by series and
parallel r esonant ci rcuits. T he r esonant f requency 1 s 1 ocated hi gher t han ant i-resonant
frequency. The passband of the filter can be tuned by varying the dimension of slot heads.
The passband insertion loss can be improved by varying the slot-head dimension. An uneven
stopband transition edge is observed in both side of the passband.

REFERENCES:

1. D.Ahn,J.S.Park, C.S.Kim, J.Kim, Y Qian and T . [toh. “A design of the lowpass filter
using the nov el microstrip defected g round s tructure”, I EEE T rans. on M icrowave
Theory and Techniques.Vol. 49, No. 1, pp.86-93, 2001.

2. LimJ.,KimC.,Lee Y., Ahn D., and Nam S. “Design of lowpass filters using defected
ground structure and compensated microstrip line”, Electronics Letter, Vol. 38, No. 25,
pp-1357-1358, 2002.

3. A. Abdel-Rahman, A K. Verma, A . B outejdar, and A .S. O mar, “C ontrol of bands top
response of Hi-Lo microstrip lowpass filter using slot in ground plane”, IEEE Trans. On
Microwave Theory Tech., Vol. 52, No. 3, pp.1008-1013, 2004.

4. Abdel-Rahman., A., Verma, A K., Boutejdar, A ., and O mar, A .S. “Compact Stub type
microstrip bandpass filter using defected ground plane”, IEEE Microwave and Wireless
Comp. Letters, Vol.14, No. 4, pp.136-138, 2004.

5. ChenJ.-X., LiJ.-L., Wan K.-C. and Xue Q. “Compact quasi-elliptic function filter based
on defected ground structure”, IEE Proc.-Microwave and Antenna propagation Vol.153
No. 4, pp.320-324, 2006.

6. Susanta Kumar Parui and Santanu Das, “A novel asymmetric defected ground structure
for implementation of Elliptic filters,” Proc. of IEEE-MTTS International Microwave
and Opto-electronics conf. (IMOC-2007), Brazil, pp.946-949, 2007.

7. [Susanta Kumar Parui and Santanu Das, “Design of Planar Filters Suitable for Satellite
System U sing Asymmetric D efected Ground Structure T echnology,” Proc. of National
Conference on G lobal N avigation Sat ellite S ystem ( GNSS-2007), H ydrabad, I ndia,
pp-157-160, Oct 25-26, 2007

97

Centre for Research in Electromagnetics and Antennas CREMA



Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.
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ABSTRACT:

The m icromachining t echnique of fers pot ential f or bul k f abrication of
miniature components at microwave and millimeter wave frequencies. Critical
components of integrated RF front ends are RF switches. In this paper, we
present the design and modeling studies of the RF MEMS switches for C, X
and K u band a pplications. T he pr oposed s witches have good i solation, | ow
insertion | oss and a low pull-in voltage. Both electromagnetic (EM) and
electromechanical modeling o f't he proposed s witch des igns is s tudied. T he
electromagnetic m odeling is d one us ing el ectromagnetic s olver HFSS w hile
the electromechanical modeling is carried out using FEA solver (IntelliSuite).

INTRODUCTION:

Micromachined components are poised to form a significant share of
telecommunications equipment in the very near future. RF MEMS devices including switches
promise t o end ow w ireless ha ndsets, w ith ke y pr operties of 1 ow-power co nsumption and
reconfigurability, which inturn w ill enabl e s uperior f unctionality and p erformance. R F
MEMS s witches co mbine t he advant ages of both mechanical and s emiconductor s witches
and at the same time avoid the drawbacks of conventional switches [1]. A comprehensive
model of RF MEMS switch was reported by Rebeiz [2-3] which analyzed the RF switch
through the lumped par ameter model. A n overview of switches and R F circuits bui It with
these is available in [4].

Common RF MEMS switch designs consist of a thin metal cantilever, air bridge,
diaphragm, or some ot her s tructure el ectrically conf igured i n s eries or parallel w ith a n
short-circuit RF transmission line and are designed to open the line or short-circuitt he
structure to ground upon act uation. E lectrostatic actuation has a s pecial significance in the
context of MEMS due to the advantages offered by scaling, and is widely preferred. MEMS
devices are usually fabricated using silicon, GaAs, quartz, glass and a lumina which has the
required mechanical and electrical properties required to fabricate high precision mechanical
components. Surface and bu lk micromachining and R IE are used for the fabrication of RF
MEMS switches.

In this paper, we present the design and modeling studies of RF MEMS
SPST (single-pole and single-throw) series and shunt switches which are actuated
electrostatically. These switches are designed on 50Q2 CPW on a quartz substrate. The series
switch is primarily useful for frequencies up to C-band. For higher frequency applications a
shunt switch is designed. The simulations are carried out over C, X and Ku bands to meet the
requirements. The EM, pull-in, dynamic response are done and presented. Fabrication is to be

taken up by BEL, Bangalore and the experimental results will be presented at symposiu| SEARCH
available by then.
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2. Design and simulations of SPST Series Switch:

Schematic of a series RF MEMS switch is given in Fig. 1. The series switch design
consists of CPW on a quartz substrate. Here, the switch beam is a cantilever strip fixed at one
end of the t-line. An electrically isolated dc electrode is used to pull down the cantilever
beam. A thin dielectric layer is placed on this electrode to avoid the stiction. Two
interconnects are provided across the cantilever strips to maintain mechanical integrity for the
moving structure. The air bridges are placed above the DC-line to provide good RF
characteristics.

Fixed air bridges

Cantilever
beam

Bottom
Electrode

DC Pad .

S-parameter, dB

Ground Signal Ground

——S11 (down-state) —8—S21 (down-state)
(a) ——S11 (up-state) S24{up_state)

-60

-70
I 0 2 4 6 8 10
(b) . . . .
Fig. 1: Schematics of Series Switch, (a) Top view Fig. 2: Simulated S-Parameters for the series switch.

(b) Side view.

The EM simulations are done using Ansoft HFSS. In downstate (ON) the cantilever
beam is assumed to be in contact partially with the actuation electrode and fully with the
RF electrode. S-parameters for this configuration are measured over frequencies from up to
10 GHz and are as shown in the Fig. 2. It is seen from the figure that the device meets 20 dB
isolation with an low insertion loss less than 0.1 dB up to 8 GHz.

Later, the electromechanical simulations are done using FEA solver (IntelliSuite). As
per the design topology given earlier, the Pull-in Voltage, Switching, and Hysteresis
responses were found. The pull-in voltage for switch is found to be 4 V. Fig. 3 shows the
hysteresis response of the switch. Analyses using 2D and 3D analyses in IntelliSuite are
compared Fig. 4.

o 12

. :
) R N
: \\ \ /

28 L 0 ‘ \ /

0 20 40 60 80
0 1 2 3 4 5 6 7 Time (Microsec)

\—Control Voltage — Displacement S EAR C H

o
3

g
o

Control Voltage
'
v
Displacement (micron)

g
o

N
el

&
o

=
o
[}

Fig. 3: Hysteresis response of Series switch. Fig. 4: Dynamic response of Series switch.
The dynamic response from the simulation ON-Time (downward transition) was
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found to be ~ 18 puSec and the OFF-Time (upward transition) was found to be ~12uSec. For
the transition to turn on the device, 10 V is applied.

3. DESIGN AND SIMULATION OF SPST SHUNT SWITCH:

In the design of shunt switch a shunt beam is studied. The shunt switch is designed on
50Q CPW on quartz substrate. The moving structure is a fixed-fixed beam. The schematic
diagram for this model is as shown Fig. 5. H ere, the switch beam is suspended at a height
above the t-line. T he anchors of the beam are connected to the CPW ground planes. T he
electrostatic actuation of the beam is done through two dc electrodes under the beam placed
between the t-line and ground planes.

A single DC Pad is used with the DC line passing through the transmission line for
the shunt switch. The beam strips have one interconnecting strip across them, in the middle.
Air bridges are provided for better RF performance.

Fixed air bridges

0 E A A A W S W W W W W W WY W W W W W7 W W WA W W WA WA W7 N

@ 15
v -
@ -30 -
o -45 -
g
Bottom i 60 1
Electrode »n 75 —— 811 (down-state) —=—S21 (down-state)
—— 811 (up-state) —>¢S21 (up-state)
-90
0 3 6 9 12 15 18
Frequecny, GHz
(a) Fig. 6: Simulated S-Parameters for the shunt switch.

— — —

Fig. 5: Schematics of Shunt Switch.
(a) Top view (b) Side view.

The shunt switch is simulated using HFSS. As the beam is placed in shunt between
the transmission line and ground, in downstate (OFF) the beam is assumed to be in contact
partially with the actuation electrode, fully with the RF electrode and gr ound. S-parameters
measured for upstate (ON) and downstate (OFF) over frequency range 1 to 18 GHz and are as
shown in the Fig 6. T he s witch gi ves good isolation of more than 40 d B over the entire
frequency range.

Using el ectromechanical s imulations, Pu 1l-in V oltage, Switching and h ysteresis
response of the switch were found. The Pull-in voltage for switch is found to be ~8V DC.
The full contact occurs at 9 V. Fig. 7 shows the hysteresis response of the shunt switch. The
dynamic response was also found using the macromodel extraction of shunt switch (Fig. 8).

Another point to be not ed is the di fference in the mechanical behavi or of the bea m _SE ARCH
cantilever based switches. Series switch appears faster as this uses cantilever geometry. _
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Fig. 8: Dynamic response of Shunt switch.
Fig. 7: Hysteresis response of Shunt switch.

4. CONCLUSIONS:

The RF M EMS SPST series and s hunt s witches ar e designed and t he per formance
was studied over a frequecny range 4-20 GHz for various parameters. T he series switch is
studied for the lower frequency bands and shunt switch is studied for higher frequency bands.
Both series and shunt switches show high isolation and with low insertion loss. These designs
have low actuation voltage. The dynamic analysis presented here show that these designs are
comparable to the state of art. The devices are being fabricated by BEL, Bangalore.
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ABSTRACT:

In this paper, we propose a new theoretical model for accurate estimation of
resonance frequency of the Square Split Ring Resonators (S-SRR) using a new
equivalent ci rcuit. T he effecton resonance f requency d uet od ifferent
parametric variation like the effective side length, width, split gap within the
rings and d ielectric constant o f the substrate are thoroughly studied. Several
simulations were performed using an electromagnetic simulator and the results
were compared with the proposed theory showing good agreement.

INTRODUCTION:

The split ring resonator (SRR) is a fundamental component for design and realization
of metamaterials. The prime inherent characteristic of this structure is that it exhibits negative
effective permeability [1], for a nar row band of frequency, which is one o f the constitutive
parameter for realizing metamaterials. T hey have been ext ensively studied in [ 1] and [ 2].
Another variant of the SRR is the Square SRR (S-SRR) which has more degrees of freedom
from the design aspect [3]. The SRRs possess large magnetic polarizability and exhibit
negative effective permeability for frequencies close to their resonance frequency [2]. They
also show a large magnetic dipole moment when excited by a magnetic field directed along
its axis. This was shown by measurements performed by [2] using circular SRR. Fig. 1 shows
a schematic view of a S-SRR having strip width ¢ and spacing d between the rings. g; and g
are split gaps within the inner ring and outer ring, respectively. a, is the half the side-length

of the outer ring of the SRR. ag is the average length of the S-SRR calculated from the center
of the structure It is printed on a dielectric substrate with dielectric constant, & and thickness
h. We have us ed a commercially available electromagnetic simulator [4] to simulate our S-
SRR structures and have ana lytically modeled the resonant frequency for varying width of
the rings, spacing between the rings and split gap width within the rings. Most of the previous
models neglected the split gap width within the rings. We propose a new equivalent circuit
which accounts for the split gap widths and their capacitive contribution is incorporated in the
theoretical model. T he com puted r esults ar e ver ified w ith t he s imulations s howing good

agreement with the proposed model. SEARCH

THEORY:

To determine the simulated resonant frequency, the S-SRR shown in Fig. 1 is placed
are iris having length L of a metallic screen located inside ar ectany
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waveguide similar to the setup used for characterization in [2]. The schematic view of the
setup is shown in Fig. 2. When a magnetic field is applied along the z-axis, an electromotive
force will appear around the SRR inducing currents which would pass from one ring to the
other through the gaps, g1 and g, and the structure behaves as an LC circuit having resonance
frequency Wp given by

w, = |— (1)
LCeq

Here L is the total inductance of the structure Ceq is the total equivalent capacitance of
the structure. Fig. 3 s hows the equivalent circuit of the SRR. Here L, R are the equivalent
inductance and resistance respectively. C; and C; are the capacitances of the upper and lower
half portions between the rings about an i maginary line AB passing through the centers of
the split gaps g1 and gz.. The split gaps are incorporated in the model as gap capacitances C

and C,,. The gaps also effect the total inductance L of the structure and has been accounted

for in our model.
The capacitances C; and C; for the upper and lower half portions of the rings is given
as

C, =C,=(4a,-9)C,, (2)
C, and C, are calculated by using the parallel plate capacitance formula. Because of

identical gap dimensions,

A h
C, =C,, =C, =2==52 3)
g, g,
Since here Cg] = ng and C, =C,, from the circuit of Fig. 3 the equivalent capacitance Ce is
modified as,
C +C
eq=—(12 .) (4)
Substituting the values of C and Cgl from equation (2) and (3) we get,
2 g0 e,ch
C.,=c2a,-—= + 5
eq g 0 2 p pul 291 ( )
where as in [5]
Cou =V 7. (6)

Zy is the characteristic impedance Cy is the velocity of light in free space. The total
inductance L of the S-SRR is and is calculated from [2].

RESULTS:

To verify the proposed theoretical model a set of square SRR having different ao, strip
width ¢ , and gap 0; and g2 printed on a substrate with dielectric constant, & = 2.43, and
thickness h = 0.49 mm was simulated using an electromagnetic simulator, HFSS. Figure 4
shows the variation of the resonant frequency as a function of ao. As seen from the figure,

increase in ap decreases the resonance frequency of the structure which can be attribute SEARCH
the increase in total inductance L for same strip width C, per unit length capacitance Cpy

remaining unaltered. Similar work is performed for different strip width, ¢ keeping the outer
dimension of the S-SRR  a,,, fixed. The plot of the resonance frequency against the variation

ur v s suown In Fig. 5. W ith increasing C, per unit length capacitance Cpy increases, v ut
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a, and L decreases resulting in increase in the resonance frequency. The plot of the resonant

frequency against the variation of split gap g = g; = g, 1s shown in Fig. 6. In tune to our
proposed new equivalent circuit, with increasing split gap g the gap capacitance C, as well as
the ring capacitances C; = C, decreases the cumulative effect of which increases the resonant
frequency as seen from the figure. The computed results show excellent agreement with the
simulation.

CONCLUSIONS:

A new theoretical model to estimate the resonant frequency of an edge coupled S-
SRR is proposed. The proposed model incorporates the effect of gap capacitance due to
presence of the gap splits with the rings which was neglected in earlier models. Proper
prediction of the resonant frequency is important since the SRRs exhibit negative effective
permeability for frequencies close to their resonance frequency. A single element structure is
modeled and simulated using an electromagnetic simulator. The simulated results obtained
are compared with the theory showing excellent agreement for a wide range of parametric
variation of the rings.
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ABSTRACT

This paper proposes a new structure for double Negative M etamaterial using
Hexagonal O mega s tructures. I ti nvestigates the e ffect of geo metrical
parameters, like gap width, length and width of each side, length and width of
feed, on magnetic resonant frequency behavior. The Double Negative (- pesr &
-&efr) char acter of t he hexagonal Omega s tructure i s ver ified b y num erical
retrieval of parameters obtained from simulated results.

I. INTRODUCTION

The credit for theoretical prediction of D ouble N egative Material in 19 67 goes to
Russian Phy sicist V. V eselago [ 1]. M etamaterials (MTMs) denot e ar tificially cons tructed
materials [ 3—4] exhibiting unc ommon natural el ectromagnetic properties. E xample includes
double negat ive m edia i .e. MTMs exhi bit negat ive val ue of ef fective per mittivity and
permeability in a certain frequency range. In1999, Pendry et al. proposed artificial system
made only of nonmagnetic ¢ onducting materials that could exhibit a | arge response to the
magnetic field of el ectromagnetic r adiation. T hey pr oposed a com bination of s plit r ing
structure w ith rods f or M TMs [ 2]. E ngheta [ 5-6] pr oposed t he o mega structure as an
alternative to Pendry’d structure. The present work proposes a unit cell of single hexagonal
Omega Structure for realization of MTM. The superiority of Omega structure over split ring
type resonator lies in the fact that the double negative (DNG) characteristic is obtained on a
planner s tructure. T he advant age of us ing hexagonal shape isthatithas a better packing
capability than the circular structure and hence can result in controlled 2-D anisotropy when
necessary. The magnetic resonance frequency with gap width, metal width, side length, feed
length and width is investigated. The Double N egative Metamaterial behavior is also
observed in a certain range of frequency.

II. HEXAGONAL OMEGA DOUBLE NEGATIVE METAMATERIAL

Design and Simulation
The substrate used for the structure has & = 2.4, h ( thickness)= 1.6 m.m. witha
copper 1 ayer o ft hickness 0.0 3 m m. T he geom etrical pa rameters of he xagonal On
Structure shown in figure 1 are: gap width (d) = 0.2 mm, strip width (w) = 0.9 mm, each side
length of hexagon = 2.7 mm. T he dimension of a uni t cell containing a s ingle hexagonal
omega structure are a,=5.6 mm and a, = 6.5 mm. For the electromagnetic simulation setup
1FSS (a full wave finite e lement method based EM simulator) the follo
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procedures have been adopted. The top and bottom face of the vacuum wave guide box
containing the hexagonal omega structure has been taken as perfect electric. The front and
back face of the vacuum box acting as a wave guide has been taken as perfect magnetic walls.
The wave is propagating in the positive Y-direction. The left side and right side faces are
taken as wave ports 1 & 2 to calculate the transmission spectrum (S-parameters). Using the
above, a unit cell of hexagonal omega structure is simulated.

ITI. RESULTS AND DISCUSSION:

The simulated result for a s ingle unit cell of hexagonal omega structure is shown in
figure 2. T he structure has a dip at 4.75 GHz which is magnetic resonance frequency of the
hexagonal omega structure. From the figure 2, it is observed that the band gap occurs in the
range 4.6 to 4.65 GHz. Also, the simulation results shown in figure 2 demonstrate that the
hex- omega structure is low pass and it could achieve a qui te flat pass band upto 4.5 G Hz.
Other s imulation r esults f or various gap w idths w hich ar e not shown in t his paper, al so
indicate that the pass band could be well controlled by adjusting the resonance frequencies of
the he x-omega structure. It can be obs erved that a band ga p is present in the transmission
spectrum of hexagonal omega medium corresponding to p < 0. The double negative character
(Ketr and &) 1s retrieved from the S-parameter and is shown in figure 3. Further, we observe
negative refraction retrieved from the S-parameters of hex-omega structure which are well-
known metamaterial particles with magnetic response to incident waves. The negative
refractive index is found from 3.25GHz to 5.4GHz

V. CONCLUSION

The characteristics of unit cell MTM has been s tudied employing Ansoft HFSS and
the retrieval procedure using MAT LAB 7.0. The simulated results show that the
metamaterial sample has double negative property at the microwave frequency range from
3.25GHzto 5.4GHz. Some unique characteristics have been demonstrated by full-wave
analysis. T his hexagona | omega structure w ill be h ighly benef icial i n t he de sign of
microwave devices, e.g. filters and i n antenna to suppress surface waves. Further, it is also
easy to integrate with microstrip components and its electric dimension is quite small.
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ABSTRACT

A new scheme for generation of UWB signal using MESFET is proposed in
this paper. The novel scheme was simulated using Agilent ADS software and
experimentally verified by fabricating the circuit using GML 1000 s ubstrate
and testing on A gilent Infiniium DSO 9000A oscilloscope in time domain and
on s pectrum analyzer in frequency domain. The simulated and experimental
results s how good agr eement f or t he pr oposed s cheme t o gener ate U WB
pulses of pico-second order that conform to most of the FCC’s laid regulation
for UWB system.

I. INTRODUCTION

UWB technology f or cons umer e lectronics and co mmunications has r eceived
considerable attention recently. Ideal targets for UWB systems are: low power, low cost, high
data rates, precise positioning capability and extremely low interference. UWB
communication di ffers s ignificantly from ot her w ireless c ommunication standards. In the
UWRB system a series of pulse are sent instead of using a carrier wave. The pulse can be seen
as an intense burst of RF energy where each pulse carries one symbol of information. The
benefits and po ssibilities of UWB can be bes t summarized by examining Shannon’s famous
capacity equation [C=B log(1+S/N)]. Increasing the bandwidth, increasing the signal power
or decreasing the noise can increase the channel capacity. We can see that capacity of channel
grows linearly with increasing bandwidth B, but only logarithmically with signal power S.
Thus, from Shannon’s equation we can see that UWB systems have a great potential for high
capacity wireless communications. UWB transmitters and receivers do not require expensive
components such as modulators, demodulators and I F stages [ 1]. Therefore, UWB is one of
the most promising technologies for future high-data-rate wireless communications, high-
accuracy radars, and imaging s ystems. C ompared with conventional broadband wireless
communication systems, the UWB system operates within an extremely broad bandwidth in
the microwave frequency band and at a very low emission limit.

Generally speaking, the extremely short pulses with fast rise and f all times have a
very broad spectrum and ve ry small energy content. U Itra wideband systems cover a large
spectrum and interfere with existing users. In order to keep this interference to the minimum,
the FC C and o ther r egulatory gr oups s pecify s pectral masks for d ifferent appl ication t hat
show the allowed pow er output for specific frequencies [ 1]. Furthermore, according to the

FCC, a large contiguous bandwidth of 7.5 GHz is available between 3.1 GHz and 10.6 ( SEARCH
at a maximum power output of -41.3dBm/MHz [2].
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II. GENERATION OF UWB PULSE

Single short pulse (or impulse) generation is the traditional and fundamental approach
for generating UWB waveforms. By varying the pulse characteristics, the characteristics of
the ener gy in the frequency s pectrum may be def ined bas ed on t he des ign criteria. Pul se
duration in the time domain determines the bandwidth in the frequency domain. As a rule of
thumb we may write, 1/duratiors bandwidth. UWB pulses are typically of nanosecond or
picoseconds or der. O ne pul seb y1i tself does not co mmunicate al ot of 1 nformation.
Information or data needs to be modulated onto a sequence of pulses called pulse train. When
pulses are sent at regular interval, which are sometimes called the pulse repetition rate or duty
cycles, the resulting spectrum will contain peaks of power at certain frequencies.

While m any appl ications and pr ocessing o f U WB signals ar e know n, ver y f ew
practical circuits have been described which can conveniently generates UWB pulses. In the
literature c ircuit ar e pr oposed b y bas e band -pulse-antenna techniques [ 3], ul tra-wideband
technology for short- or m edium-range wireless communications, novel low-cost ultra-
wideband, ultra-short-pulse transmitter with MESFET impulse-shaping circuitry for reduced
distortion and i mproved pul se repetition rate [ 4], recent s ystem applications of short-pulse
ultra-wideband (UWB) technology [5], and UWB pulse generation techniques with RF pulse
compression to generate high instantaneous RF power by compressing the energy distributed
over a long duration into short period using the basic theory of switched resonators[6].

III. GENERATION OF UWB PULSE USING MESFET

A novel scheme proposed for the gener ation of short pulseisshowninFig.1.To
generate t he short pul se, firstt he f orced s tep pul seis applied t o the g ate of M ESFET
transistor. The circuit gives the short pulse of the duration of few nsec at the output. One
pulse by itself does not communicate a lot of information. Information or data needs to be
modulated onto a sequence of pulses called pulse train. Thus we have applied the pulse train
shown in Fig.2 of rate=10MHz, V,w=0.2V, V,i;n=2.5V, rise time=1nsec, fall time=1nsec to
the gate of the MESFET. Other parameters of the circuit are: V4.=2.0V for biasing, the value
of inductor L=1nH, capacitor C=1pF and load impedance R=50 ohm. With this arrangement,
we got the repetitive short pulse in the form of pulse train shown in Fig.3 required for UWB
communication. The spectrum of the train of UWB pulses is shown in the Fig.4.

IV. PRACTICAL IMPLEMENTATION

The pr actical UWB pulse gener ator w as implemented using M IC f abrication
technique. The lumped components were converted into the distributed components. Finally
the circuit was integrated with the RF MESFET NE32S01 on GML 1000 substrate shown in
Fig.5 (a). The circuit was tested in the frequency domain. The spectrum of UWB pulse was
measured using the spectrum analyzer and result shows the spectrum up to 12 GHz as shown
in Fig.5 (b). Using A gilent Infinitum D SO 9000A oscilloscope, the results in time do main
were observed as shown in Figs. 6(a)-(b). The input and output waveforms observed on DSO
9000A in time domain and frequency spectrum observed on the spectrum analyzer show

encouraging results for generation of UWB signal using MESFETS. SEARCH
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V. CONCLUSION

A novel method proposed for generation of UWB pulse using the MESFET was
simulated and practically verified and the initial results obtained are encouraging. This circuit
can be easily converted realized using monolithic microwave IC technology.
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ABSTRACT:

The paper reports the frequency det ermination of a non magnetic dual ring
Split Ring Resonator (SRR). An expression for the resonant frequency of the
SRR is developed from exhaustive experimental and simulation studies. The
study is conducted on an edge coupled dual ring SRR placed on a M icrostrip
transmission line working in the frequency band 1-8 GHz. A front end using
Matlab™ (GUI) is also developed for calculating the resonant frequency of the
dual ring SRR.

1. INTRODUCTION

Development o f ar tificial materials has been a s ubject of growing interestin
recent years. Electromagnetic waves interact with the atoms and molecules that compose
naturally occurring materials. Materials can therefore be used to guide or manipulate
electromagnetic w aves,1i nt hew ayagl assl enscanf ocusl ight. B utt he avai lable
electromagnetic r esponse f romna turally occurring materialsis 1 imited. Artificially
constructed materials, however, are not subject to the same limitations as real materials, and
can be used to extend material response. Basically a metamaterial is an artificially engineered
material that has highly desirable properties that do not occur in nature. In electromagnetism,
a m etamaterial is an obj ect that gains its (electromagnetic) material properties from its
structure r ather than inheriting them directly from the materials it is composed of.
Metamaterials are often a collection of small objects whose dimensions and separation are
much less thant he w avelength, behavi ng like a cont inuous material e xhibiting exot ic
electromagnetic properties at microwave frequencies.

Two important parameters, electric permittivity and magnetic permeability determine
the response of the materials to the electromagnetic propagation. Metamaterial media include
artificial pl asmas ( which e xhibit nega tive di electric p ermittivity bel ow t heir pl asma
frequency), ne gative magnetic per meability media (NMPM) and 1 eft-handed media (LHM-
these a re mediaw iths imultaneously n egative e lectric per mittivity and  magnetic
permeability). Negative permittivity can be obtained by arranging thin metallic wires
periodically. T hese w ires simulate p lasma b ehavior at microwave frequencies. Since free
magnetic char ges ar e no t p resent in na ture, s uch appr oach does no t provide nega tive
permeability. However, N MPM can be bui It up b y using small resonant metallic par ticles
with very high magnetic polarisability. An artificial medium consisting o f an aggregate of
Split ring resonator (SRR) particles shows a negative permeability region near and above the

resonant frequency. L HM can be f abricated by combining a periodic array of metal pflSEARCH

with an ar ray of SRR’s. The continuous medium parameters describing the aforementiofiec

SRR ar rays ¢ an be pr edicted f rom t heir i ndividual el ectromagnetic behavi or near t he

resonances. The application of an axial, uniform, and time varying magnetic field to the rings
nt 1oops at resonance. T hese current loops are closed through the di strit
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edge capaci tance bet ween co ncentric rings; which can be potentially very high due t o the
presence of the s plits and t he par ticle beha ves as an ext ernally driven L C r esonator. O n
account of the current circulation between rings and the relatively large value of the edge
capacitance ac hievable, the el ectrical size of the particle can be made small at resonance.
SRR’s can thus be considered as lumped or quasi lumped elements. Current loops can also be
induced by an axial, uniform time varying electric field. The arrangement shown in Fig.1(a)
is used to evaluate the SRR resonances. Fig.1(b) illustrates the SRR parameters.

Fig.1(a). SRR coupled to a Microstrip transmission line
(b) SRR Parameters

The par ameters cons idered a re t he ext ernal r adius (Rex.), w idth of r ing(w), gap
between rings(d), height(thickness) of substrate (h),r permittivity of substrate (g;). The width
of the slit in ring(s) is optimised at 0.3mm.

2. DEVELOPMENT OF THE DESIGN EQUATION.

The par ameter ex traction of a 50 Q Microstrip transmission line of length 25mm
fabricated on a substrate of er =4.4 and h=1.6mm was performed for a frequency range of 1
to 8GHz. The process was repeated after placing the SRR on the transmission line. Using
curve fitting, equations for inductance and capacitance are found as follows.

—ar TT.
L= z.s?evﬂis(ma— 2.2d,; —5}

€ = 0217 + [(0.059(2r + er — 5))(0.437wy — 0.317w,% + 0.07w,3)(3.3367¢~3-2¢:

0.599h
—0.19557 %47 )] + (0.05er — 0. —— 0.
e )]+ (0.05er 0218}+({].{]248+h 0.599)
)
where wi=w; wo=w; ws=w; for d<l;
wi=w/3; wo=1.414w; ws=w/1.414; for d>1
di=d; ford<l
The resonant frequency for SRR is ca1l_culated using the standard relation
F = —
IVLEf orr>52; 3
SEARCH
1 i o
F=—0o +2=
2mVlt 2ofor 1<5.2; e, .(4)
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The validity of this relation is confirmed through experiment and simulation as
detailed in Table.1.The graphical user interface for the SRR frequency estimator designed
using Matlab™ is shown in figure.2.

F(egn) | F(sim) |

Rext w d GHz GHz %error
mm | mm | mm

8 3 .2 1.19 1.2 .83
5.8 1.3 1 2.57 2.59 7
5.4 1.4 .5 2.60 2.63 1.1
5.7 1.7 1 2.91 2.88 .6
4 2 1.5 3.4 3.05 1.7
3 3 9 4.22 4.11 2.6
2.6 A4 1 5.3 5.21 1.7
2.2 3 6.4 6.27 2
2 3 1 7.4 7.45 0.6
1.9 3 1 8.15 7.97 2.2

3. CONCLUSION

Table.1. Validation of equation

The exhaustive experimental and simulation conducted on SRR clearly indicate the
properties inherent to SRR and the external factors affecting it. It is observed that the
resonant frequency is directly proportional to width of ring (w), gap between rings (d) and the
height of substrate (h) and inversely proportional to the radius of SRR (Rex) and the dielectric
constant of the substrate. The validation of the equation is done through experiment and
simulation. The intriguing physical properties of metamaterials can be made use in many
important technological applications. Reduction of radiation hazards in mobile phones and
reduction of radar cross section are few of them.

SRR Frequency Estimator

Dirnensions in mm

Rext = 5

W= 03
d= 03
b= 16

4.4

er=

Estimate

Estirated Frequency(GHz) =

1.5442

Fig.2. GUI — Frequency Estimator
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ABSTRACT:

In this study, a novel transmission line con figuration consists of PI network
using the Stepped impedance resonator (SIR) has been proposed to design a
sharp-rejecting, com pact w ideband bands top f ilter ( WBBSF) w ith w ide
rejection-bandwidth. Stepped impedance Resonator (SIR) technique is used to
obtain transmission zeros, and which provide the wide rejection characteristic.
The 3dB, 20d B fractional B andwidth (FBW) and Rejection bandw idth ar e
controlled by the choosing the characteristic impedances of transmission lines.
The WBBSF Filter i s anal yzed us ing t ransmission | ine model. T heoretical
predictions hav e been ver ified by the Full W ave E lectromagnetic Simulator
(IE3D).Good agreements are obtained among theoretical prediction, Circuit
Simulation and full-wave simulation.

INTRODUCTION

Bandstop f ilter ( BSF) is an important componenti n microwave circuit
applications and is often required to suppress unwanted frequency bands .In planar
technology, co nventional method of des igning w ide-stopband B SF us es di fferent form o f
shunt/series stubs. The procedures to design BSFs in printed circuit technology may be
divided into two broad categories. One is the so-called exact design consisting of shunt open-
circuited stubs separated by transmission lines of appropriate length this method is applicable
for design of narrow band as well as wide band BSFs. In the second method, a transmission
line is coupled to resonators, either by capacitive gaps or by parallel-line couplings and the
method is suitable for design of narrow band BSFs. Recently, another procedure Based on the
signal interference technique [4] was reported for the design of a wideband BSF with sharp
Rejection char acteristics. T he bas ic filter structure cons ists of PI net work cont aining two
open ended s tubs. B andstop behavior is ob tained becau se of open ende d s tubs.. W ide-
stopband char acteristics a Iso can be obt ained b y us ing de fected gr ound plane s tructures
(DGS). But, the problem with D GSs is the B ackside radiation loss, w hich increases w ith
frequency. R ecently, anot her method ba sed on s ignal i nterference t echnique has be en
reported for de signing a w ide s topband B SF having sharp rejection cha racteristics but it
occupies larger size when compared to the proposed design

In recent years uniplanar transmission lines such as coplanar waveguides (CPW)
coplanar strip (CPS), and slot line (SL) have become preferable over conventional micro:
lines w ith an increasing us e i n monolithic or h ybrid i ntegrated ci rcuit appl 1cat10n
microwave frequencies, owing o t heir small dispersion, low radiation, easy integration w1th
lumped e lements or active de vices, hi gh circuit dens ity, and no need f or via holes. M any
nponents us ing uniplanar s tructures have been developed. However, unip!
wideband bandstop filters to reject out-of-band frequencies have not been sufficiently
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considered in microwave literature, whereas bandstop circuits are one of the most important
parts of many passive and active microwave and millimeter-wave devices employed to
suppress the harmonics. Some frequency bands in microwave applications can be filtered
using quarter-wave open-end or short-end stubs along a transmission line or stepped-
impedance structures [4].In [4] SIR has been used to achieve the dual band charecterstics.In
this work stepped impedance resonator (SIR) is used to obtain the desired characteristics,
simple transmission line approach has been used to analyze the circuit.

FILTER DESIGN

The basic BSF configuration has been shown in Figure 1(a). The conventional
band stop filter is shown in the figurel(a)is designed @1.4Ghz.For Wide band BSF signal
interference technique has been proposed in [8]. The Standard PI network with open ended
stubs produces a single stop band BSF response is shown in the figurel(a). Here all the
impedances Za, Zb are selected as 50 @, and of electrical length 90° .The rejection level can
be varied by changing the impedances of the open ended stubs. The circuit simulated and full
wave simulated results are compared and shown in the figure2.For the same operating
frequency DBBSF is designed and simulated results shows that dual band is achieved around
the operating frequency @1.4Ghz.[Figl]

STEPPED IMPEDANCE RESONATOR:

The basic SIR responses were shown in figl.The impedances were chosen
according to the design graphs given in Figl. Transmission line approach was used to derive
the equivalent for the given impedance, electrical length. The electrical length 6, and

impedance Z, are set as 26° and 76.4Q respectively. With 100 and 15.75° being assigned
to Z,p and 6,p respectively, the transformed impedance [from equations (1) and (2)] Z, 4

and the electrical length 6 4can be derived as 570 and 6.85° respectively. Here the proposed
circuit was designed at the operating frequency of (f1=)2 GHz, such that all the electrical
lengths were multiplied by a factor of 3.So The Electrical lengths for the present circuit
become 47.259 , 20.55° .The impedance for the middle open stub were chosen by optimization
in the ansoft designer student version.

PROPOSED DESIGN:

The proposed design for wide band bandstop Filter is shown in the figure
3(a). The PI network which is shown in figure2 (a) possess dual band bandstop (DBBSF)
charecterstics. The Circuit Full wave simulated response shown in fig 2(b), here the operating
frequency was chosen as 1.4@Ghz.The proposed design is obtained by the cascade
connection of the two such PI networks, here all the open ended stubs were replaced by the
SIR, the middle stub having uniform characteristic impedance obtained by the taking the
equivalent for the two parallel open stubs. The stubs at the input and output ports were
replaced by the SIR. The impedances for the SIR were obtained from the equation 1 and
2.The set of values for the proposed design are obtained as

Z1=1000,0,=90°,7 =35.50,0=4725° ,Z, 4=57Q,00 4=20.55° , Z, p=100Q, 0, 3 =47.25° He

re Z ,0, were chosen by the optimization in the ansoft designer student version. The Circuit
simulated and full wave simulated results were compared and shown in Fig 3(b).
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3. FULLWAVE SIMULATION AND FABRICATION

Theoretical circuit which is designed at operating frequency of 2Ghz is
simulated by using Full simulation and optimization engine (IE3D).The lay out of WBBSF is
shown in the figure 5, The lengths and widths obtained by line gauge were given in the lay
out. The simulation result shows that the 3 dB, 20dB rejection bandwidth of the filter are
109%, 70% respectively. The rejection level in the stop bands is 30dB; the return loss in the
pass bands is almost below 10dB.The two transmission zeroes were created in the stop band
by using the SIR technique. The lay out which is given in the Fig5 can be fabricated on RT
Duriod Substrate with dielectric constant g, =2.2, thickness of substrate=.38 1 mm.

4. CONCLUSION

A compact Wideband bandstop (WBBSF) is designed by using the stepped
impedance resonators. The main advantage of the proposed design is that it can be meandered
so that it occupies a very compact in size of 28.3 x 14.2 mm?2[3,6],The rejection 3dB rejection
bandwidth of the filter was 109%, the 20dB rejection bandwidth of the filter was 70%.The
filter was analyzed by using the simple transmission line approach. The proposed circuit was
very compact, wide bandstop with high rejection level, and excellent out of band
performance when compared to the designed proposed designs in the literature. The
simulated results were excellent in comparison with circuit simulated results.
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ABSTRACT:

Microwave dielectric resonator loaded multiple cavity filter is designed and
fabricated. A 3-D finite element technique is used for the simulation of electric
and m agnetic field di stribution and cur rent dens ity. M icrowave band p ass
filter characteristics are studied by measuring the return loss and transmission
characteristics of the multiple cavity resonators. T he measured transmission
characteristics show that it has 8.5 MHz bandwidth at the resonant frequency
at 1752.2 M Hz. By using Ansoft’s HFSS for numerical simulations, el ectric
field, magnetic f ield and vec torJ .o field distribution are s imulated. T he
numerical results of the semicylindrical DR loaded multiple cavity filter is in
good agreement with experimental measurements.

INTRODUCTION:

Dielectric resonator (DR) loaded cavity filters are widely used in ground and satellite
based co mmunication s ystems. T hey exhi bit excel lent i n-band per formance over a w ide
temperature range as well as less volume and mass compared to conventional metal cavity
filters [1, 2, 3]. HE ;5 mode DR, often used in dual degenerate mode [4], gives further size
and mass reduction with slightly lower Q, reduced spurious per formance and even s maller
tuning range. The objective of the study is to avoid intensive experimental work and al low
the use of arbitrarily shaped elements. This article presents a FEM analysis of a microwave
dielectric resonator filter. The Ansoft’ high frequency structure simulator (HFSS) is used to
design and simulate the 3D structure of the DR filter.

DESIGN AND IMPLEMENTATION:

Dielectric resonator bandpass filters can be realized by axially spaced semi-cylindrical
dielectric resonators of relatively high permittivity. The resonators are placed in a circular
waveguide section operating below cutoff, and the entire filter component is embedded in a
rectangular metallic structure. Since microwave materials with high ¢, low tand and good
temperature characteristics are available, these types of filters become increasingly attractive
when short filter components are required. T he photograph of the multiple cavity filter are
shown in figure 1 (a). The filter consists of a rectangular metallic enclosure, comprising four
cylindrical cavities, coupling windows, co-axial probes. The enclosure main body is provided
with 1 nput/output t erminals. The f requency r esponse s uch as pas s band and at tenuation
characteristics of the cavity filter are generally determined by the resonant frequency an
factor of each of the resonators, and the amount of coupling between the individual diele
resonators. T herefore the con figuration and t he di mensions of each of the r esonators are
calculated at the design stage. The height and diameter of the cylindrical cavity are 29 mm

sspectively and the width and height of the coupling windows are 4 mm, 29
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respectively. Four semi cylindrical dielectric resonator of dimension 12.5 mm radius and 15
mm hei ght havi ng di electric cons tant 83, ar e pr epared. T hese s emicylindrical di electric
resonators are loaded inside the cylindrical cavities. The s-parameters, electric field, magnetic
field and current field distributions are simulated. The returnl oss and transmission
characteristics measurements are done us ing A gilent 8714 E T N etwork Analyzer, inthe
frequency range 1000 MHz to 3000 MHz.

RESULTS AND DISCUSSIONS:

A typical di electric resonator filter con sists of anu mber of D Rs mounted i nside
cavities machined in a metallic hous ing. F igure 1 ( a) 1 llustrates a f our-pole ver sion o fa
semicylindrical dielectric resonator filter. The probes are used to couple the input and output
RF energy, while the irises are used to provide the necessary coupling between resonators. By
using Ansoft’s HFSS for numerical simulations, the device's electric vector field, magnetic
vector field and vector J,, field distribution can be visualized in the computer model which
simplifies design process. The FEM analysis permits accurate parameter design and
predictions of field t hat ar e di fficult t o measure. T he r esonant f requency of each's emi
cylindrical dielectric resonator depends on t he height, radius and di electric constant. In this
filter, all the four semi cylindrical DR operate in the cut off frequency range of the cavities.

Figure 1 (b) shows simulated Sy, and S;, characteristics of the design. Figure 1(c & d)
show the measured return loss (S;;) and transmission characteristics (Si) of the filter. The
first r esonant f requency i sat 1752.2M Hzw itha 10dB bandw idth of 8.5M Hz. T he
numerical results of the co-axial fed multiple cavity filter are in good agr eement with the
experimental results.

Figure 2 (a) shows HFSS design of multiple cavity filter loaded with semi cylindrical
dielectric resonators, showing triangular meshing. Figure 2 (b & c) shows the top and side
view of e lectric field d istribution inside t he multiple cav ity filter 1 oaded w ith d ielectric
resonators. Figure 3 ( a) shows the top view of magnetic field distribution w hereas fig. 3b
shows the side view of the multiple cavity filter, loaded with dielectric resonators. Figure 3¢
shows t he s imulated s urface cur rent di stribution over t he semicylindrical D R. Fr om t he
electric field and magnetic field distributions it is evident that the field is very strong in the
first input cavity. The field strength decreases significantly as it passes through the 2 3
and 4™ cavities. Thus only the resonant frequency is transmitted, whereas the other frequency
bands ar e a ttenuated. T he cavity along with the DR serves as ar esonant band pass filter
operating in the L-band. The pass band frequency can be tuned by varying the dimensions of
the DR.

Frequency (MHz)
000 1500 2000 2500 3000

dB
© b NS a A bk o
P RN
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Frequency (GHz) Frequency (MHz)

1 15 2 2.5 3 1000 1500 2000 2500 3000
O
-20

Figure 1. (a) Photograph of semicylindrical DRs mounted inside cavities machined in a
metallic housing, (b) Simulated S,; and S;, characteristics, (c) return loss measured and (d)
measured transmission characteristics.
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Figure 2 (a) Design of multiple cavity filter loaded with semicylindrical DRs, showing
triangular meshing, simulated using Ansoft HFSS software, and (b & c) shows the top and
side view of electric field distribution of the multiple cavity filter loaded with dielectric
resonators.

Figure 3 (a & b ) shows the top and side view of magnetic field distribution of the multiple
cavity filter loaded with dielectric resonators and (c) shows the surface current distribution.

CONCLUSIONS:

A class of dielectric resonator filters in waveguide s ections bel ow cut off has been
1 designed. In comparison with conventional evanescent-mode r esor
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coupling, the proposed resonator coupling via a triple rectangular waveguide section features
a better pas s b and s eparation and i mproved s top band at tenuation. Fu rthermore, the filter
component can be reduced by up to 50% or more. Microwave band pass filter characteristics
are studied by measuring the reflection and transmission characteristics of the multiple cavity
resonator f ilters. T he m easured t ransmission char acteristics s how t hat1t has ar esonant
transmission frequency at 1752.2 M Hz with 8.5 MHz bandwidth. By using Ansoft’s HFSS
for numerical simulations, electric field, magnetic field and vector J,, field distributions are
simulated. The numerical results of the DR loaded multiple cavity filter is in good agreement
with experimental measurements.
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REDUCTION OF CO-CHANNEL INTERFERENCE IN CELLULAR
SYSTEMS

Dr MC Chandra Mouly, Dr K Srinivasa Rao, Dr D Srinivasa Rao*, L Rangaiah
Department of Electronics and Communication Engg, TRR College of Engg.,

Hyderabad - 502 319, INDIA,
rleburu@gmail.com
*JNTU College of Engineering, Hyderabad - 500 072

ABSTRACT :

In t his paper , am ethod t o r educe t he co -channel i nterference in cellular
systems employing Directional Antennas developed by the authors has been
presented.

INTRODUCTION :

While the frequency reuse method enhances the spectrum utility, it obviously results
in co-channel interference since the s ame frequency band is used repeatedly in different
channel cells by different users.

In most mobile radio environments, use of a seven cell reuse pattern is not sufficient
to avoid co-channel interference. Increasing frequency-reuse pattern ie., making K > 7 would
reduce t he num ber of chann els per cell and s pectrum ef ficiency. T herefore, it mightb e
advisable to retain the same number of radios as in the seven cell system but to sector the
cell radially. This technique would reduce the interference, resulting in the use of channel
sharing and channel borrowing schemes to increase the spectrum efficiency.

2. DETERMINATION OF CO-CHANNEL INTERFERENCE AREA
Two tests are available for this purpose.
21 TEST 1 : FROM A MOBILE RECEIVER :

When Co-channel interference occurs in one channel, it will equally occur in all other
channels. T he co -channel interference can be m easured by selecting any one channel and
transmitting on that channel, at all co -channel s ites, at ni ght w hile the mobile receiveris
traveling in one of the co-channel cells. While performing this test, .any change detected by a
field strength recorder in the mobile unit and com paring the data with the condition of no
channel sites being transmitted. This test has to be repeated as the mobile unit travels in every
co-channel cell. To facilitate this test, install a channel scanning receiver in moving vehicle.
One channel (f}) records the signal level (no co -channel ¢ ondition), s econd channel ( f3)
records the interference level (six channel condition is the maximum), third channel receives
f3, recorded only in f3 which is not in use. Therefore, the noise level is recorded only in f3.
The carrier to interference ratio C / I can be obtained by subtracting the result obtained from
f, and the result obtained from f; (Carrier minus Interference C — I). Carrier to Noise ratio C /
N can be obtained by subtracting the result obtained from f3 from the result obtained from f-
(Carrier minus Noise C — N). SEARCH

Four conditions are used to compare these results.

I If C /I is greater than 18 dB throughout most of the cells, the system is
properly designed.
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II. If C/1 islessthan 18 dB and C/N is greater than 18 dB in some areas,
there is co-channel interference.
II. If both C/N and C /I arelessthan18dB and C /N= C/I ina
specific area, there is a coverage problem.
IV. If both C/ N and C /I arelessthan 18 dB and C/N > C /I ina
specific area, there is a coverage problem and co-channel interference.

Interfermg cells

" cell
(¥ ecelved atJ*®
cell site

J celt

Use , for interferenc lovel (0]
Usef for signal level (8)
Usef for noise level (N)

Figl Test 1: Co-Channel Interference Fig2 Test 2: Co-Channel Interference
at the Mobile Unit at the Cell Site

2.2 TEST 2 : FROM A CELL SITE :

The ar eas in an i nterfering c ell in w hich the top 10 per cent level of the s ignal
transmitted from the mobile unit in those areas is received at the desired site. This top 10 per
cent level can be distributed in different areas in a cell. The average value of the top 10 per
cent level signal strength is used as the interference level from that particular interfering cell.
The mobile unit also travels in different interfering cells. Up to six interference levels are
obtained from a mobile unit running in six interfering cells. Then calculate the average of the
bottom 10 per cent level of the signal strength which is transmitted from a mobile unit in the
desired ji, cell and received at the desired cell site as a carrier reception level. The carrier to
interference ratio received in the jg, cell site will be as follows.

G/t = G /2% (1)
i=l,i#]

The number of co-channel cells in the system can be less than six. Therefore a
translation from decibels to linear is needed before summing all the interfering sources. The
test can be car ried out repeatedly for any s pecified cell. Compare Cj/ 1 and Cj/ Nj and
determined the co-channel interference condition. N; is the noise level in the Jy, cell assuming
that no interference exists.

3. DESIGN OF A DIRECTIONAL ANTENNA SYSTEM

) ) ] SEARCH
When the call traffic begins to increase, us e the frequency s pectrum efficiently tTo
avoid increasing the number of cells K in a seven cell frequency-reuse pattern. When K
increases t he n umber of frequency channel s as signed ina cell may become less and the
the frequency-reuse scheme decreases.
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Instead of increasing the number K in a set of cells, Directional antenna arrangement
is K = 71 schoosen. T he ¢ o-channel i nterference can be r educed b y u sing di rectional
antennas. This means that, each cell is divided into three or six sectors and use three or six
directional antennas at a base station. Each sector is assigned a set of frequencies.

3.1 DIRECTIONAL ANTENNA IN K=7 CELL PATTERN

Three Sector Case : To illustrate the worst case situation, two channel cell scheme
shown in Fig(3.a). The mobile unit at position E will experience greater interference in the
lower s haded cel | s ector t han upper s haded cel l-sector s ite. T his i s becaus e t he m obile
receiver receives the weakest signal from its own cell but fairly strong interference from the
interfering cel . In a three-sector cas e, the interference has affected in only one di rection
because the front to back ratio at a cell site directional antenna is at least 10dB or more in a
mobile r adio environment. B ecause of t he us e of di rectional ant ennas, t he num ber of
principal interferences is reduced from six to two. The worst case of C / I occurs when the
mobile unit is at position E, at which point the distance between the mobile unit and the two
interfering antennas is roughly (D+R/2). However, C /I can be cal culated more precisely as
follows :

(C/Nworstcase = R /[(D+0.7R)*+D?] = 1/[(q+0.7R) *+q*]  ---oner (2)

g=4.6, then Eq(2) becomes
(C/ 1) worstcase = 285 =245dB  ceeeeeeeeee (3)

The C / I received by a mobile unit from the 120° directional antenna sector system
expressed in E q.(3) hi ghly e xceeds 18 dB inthe worst c ase. E q.(3) s hows t hat us ing
directional antenna sectors can improve the Signal to Interference ratio, i.e., the co-channel
interference gets reduced. In reality the C / I could be 6 d B weaker than Eq.(3). In heavy
traffic area, as a result of irregular terrain and imperfect site locations. The remaining 18.5
dB of C /I is adequate.

Six S ector C ase : The cel 1 can be di vided into six sectors by using six 60° beam
directional antennas shown in Fig(3.b). In this case only one instance of the interference can
occur in each sector. The C /1 is

(c/1) = R*/(D+0.7R)* = (q+0.7)* = s (4)

For q=4.6, the above equation becomes C / I = 29 dB, results in a further reduction of
co-channel interference. When heavy traffic occurs, the 60° sector configuration can be used
to reduce co-channel interference.

3.2 DIRECTIONAL ANTENNA IN K = 4 CELL PATTERN

Three Sector Case : To obtain the C /I as in Sec 3.1. The 120° directional antennas
used in the sectors reduce the interferers to 2 as in the K=7 system.
(C/D worstease =R /1(q+0.7y*+q"] = 20dB e ®)
If 6 dB is subtracted from the result , the remaining 14 dB is unacceptable.
Six Sector Case : There is only one interferer at a distance D+R shown in Fig(3.b)
with q = 3.46 (C/1) worstcase = R* /(D+R)-4 = 1/(q+1) e (6)
If 6 dB is subtracted from the result, the remaining 21dB becomes inadequate. Under

heavy traffic conditions, there is still a great deal of concern over using a K = 4 cell pa‘r
SEARCH

in 60° sector.
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4. COMPARING K=7 AND K=4

A K = 7 cel l pattern system is a | ogical way to begin the design of an om ni-cell
system. The co-channel reuse distance is more or less adequate, according to the designed
criterion. W hen the traffic increase a t hree sector system should be i mplemented, i.e. with
three 120° directional antennas in place. In certain hot spots 60 ° sectors can be used locally to
increase the channel utilization. If a given area is covered by both K=7 and K=4 cell patterns
and bot h pat terns have a s ix sector configuration, then the K =7 system has a t otal of 42
sectors, but K = 4 system has a total of 26 sectors. One advantage of 60° sectors with K=4 is
that they require fewer cell sites than 120° Sectors with K = 7. T wo disadvantages of 60 °
(1) They require more antennas to be m ounted on t he antenna mast. (2) They often require
more frequent handoffs because of the increased chance o f that the mobile units will travel
across the six sectors of the cell.

@/j//l Mobite unit
4
/

(b)

Fig 3 Determination of Carrier-to-Noise ratio C/ | in a directional antenna system (a) Worst
case in a 120° directional antenna system (N = 7), (b) Worst case in a 60° directional antenna
system (N = 7)
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CONCLUSION:

In mobile environment, use of a seven cell reuse pattern is not sufficient to reduce co-
channel interference. Increasing frequency-reuse pattern with K > 7 would reduce the number
of channels per cell and spectrum utility. Therefore, it might be advisable to retain the same
number of radios as in the seven cell system but to sector the cell radially. This technique
would r educe t he 1 nterference opt imally. T he co -channel 1 nterference can be r educed by
using directional antennas. This means, division of each cell into three or six sectors and the
use of three or six directional antennas at a base station.
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ABSTRACT

A new technique for modeling three conductor transmission line based
powerline channel has been i ntroduced int his paper . Par ameters of t hree
conductor | ine ar e var ied toi ncorporate t he ef fects of multipath and
impedance mismatches. Fi nally f requency r esponse of t he channel i s
calculated. The model could be gainfully used tos tudy the ef fects of
Electromagnetic Compatibility, Performance Analysis and so on. The paper
also suggests some ways to improve the precision of the said method.

INTRODUCTION:

The el ectric p ower net work is an important medium for internet connect ivity and
home networking [1, 2]. The major reason behind such an importance lies in the fact that they
are already installed and cos t effective. Since the systems c onnected to pow erline net work
encounters hostile channel properties like multipaths and impedance mismatches, the task of
modeling the channel still remains a challenging one. There have been efforts in the past by
employing both bottom-up and top-down strategies to mitigate such challenges. There have
been also methods based on scattering matrix [ 3] and f our-pole impedance and ad mittance
values [ 4 - 6], derived from the components property. The above models are valid below
the frequency range of 150 KHz. T herefore t he ana lysis of el ectromagnetic co mpatibility
cannot be carried out using such models. Another model based on the top-down approach has
been reported in [7] where the relevant parameters are not derived from component properties
and it requires an idea about the overall network topology. Also the above model is validated
only up to a frequency of 20 MHz. In this paper, a novel method of modeling is proposed
based on the top-down approach [7]. It uses the measured frequency response of the channel,
along with the length, attenuation constant and characteristic impedance of the main
distribution line. I't requires n o know ledge about either the network topology or the multi-
paths and impedance mismatches involved.

METHODOLOGY:

A typical three conductor transmission line modeled using distributed pararnete
shown in Figure 1. The three conductor line is similar to a two conductor line except for the
existence of crosstalk. The effect of crosstalk is included by the mutual components (1, C,

a ) The two conductor transmission | ine model can be readily ext ended t o ana lyze ke
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radiated e missions and s usceptibility of the line. C omputational t echniques s uch as Finite
Difference Time Domain (FDTD) is used to study the radiated susceptibility of the line.

Te(x,t) Fedx ladx To(x+dx)
+ +

ol [ J Vo (x+dx)
Imdc g«dx; emdx—— g-dxz —— cadx
Ve(x,t)
Ir(x,t) Vredx . Indx Ir(x+dx)
+ +
Vrx, £) gndbc Z — cadx Ve (x+dx)
T

Is(x 1) + Ir(E)

s

| |
1 I
x ¢+ dx

Fig 1. The parameters of a typical Three Conductor Transmission Line

Powerline Channel is finally modeled as a three conductor transmission line using the
measured frequency response. T he procedure begins with identifying the main distribution
line o f the ne twork. T hen using the characteristic impedance and at tenuation factor of the
main line, corresponding distributed parameters are calculated at some frequency higher than
that of our interest. These values are then substituted for the line parameters of the three
conductor t ransmission line model. Hereitis as sumed t hat t he model i s i mmersed in a
homogenous medium whose parameters are fixed to particular predefined values. The three
conductor transmission line is assumed to be of same length as that of the main distribution
line of the network. This helps in the analysis of electromagnetic compatibility problems with
ease. The main fact that attributes to the hostility of the Powerline Channel is the numerous
impedance mismatches and multipaths t hat exi st i n t he n etwork t opology. The proposed
method includes the effects of such factors in the values of the mutual components, keeping
other parameters constant. Then using an one di mensional search algorithm, the value of the
mutual inductance is varied until the frequency response of the model matches with that of
the measured one. The variation in the mutual inductance automatically leads to the variation
in the other mutual component values through the basic relation between them [8]. The
important feature of the proposed method lies in the fact that the channel is modeled using
very few parameters and by varying only one of them. Hence a simple one dimensional
search algorithm can be used for the purpose.

RESULTS:

For verification of the method through simulation, frequency response of the channel
given in [ 7] is used. The aforementioned frequency response is claimed to be valid from 500
KHz to 20 MHz. The main distribution line in that topology is identified as type NAVY 150
cable with characteristic impedance (Z) of 45 Q with a length of 200 m. Using the above
values along with its attenuation profile (o = 7.8 x 10" x f) and a zero conductance per unit
length, as given in [ 7], inductance (L) per unit length is calculated using the relation shown
below as in [9], at a frequency of 35 MHz.

L=2Z/V. (1
C=L/Z% 2
r=(Q20* + ’LC)* - 0'L’C?) / o’CH" SEARCH

In the above relations, V is the phase velocity, C is the capacitance per unit length, r is
the resistance per unit length and o is the angular frequency. The same values of per unit
lenoth narameters are used for each of the corresponding elements in the lines of the medal

.

e iiiiy o (5). These values are tabulated in Table 1.
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=TIy =I1;=T. 4)
L,=L,=L. (5)
Parameters (Ref Fig. 1.) Value
Conductivity of the Medium 1 X 10 siemens
Relative Permeability 1
Relative Permittivity 1
Lg 0.150 micro henries
Lr 0.150 micro henries
Iy 1.3491 X 10*° ohms
I 1.3491 X 10’ ohms
o 1.3491 X 10’ ohms

Table 1. Parameters for the Proposed Model

The three conductor line model is 200m in length. The basic one dimensional linear
search w as us ed and t he final frequency r esponse obtained is as shown in Figure 2. T he
model cl osely follows the frequency r esponse from a f requency of 5.537 MHzupt o the
higher limit of 20 M Hz. The mutual inductance per unit length for the proposed model was
found to be 1.3604 micro henries.

Frequency response
1

T I
: : i — - — - Madel [7]
D_g_ .............. ................. ' .............

Proposed [

t
; 5 i —-—--20 MHz
o8F----c--eeeeen \._ .................................. ................. —

B o e R R .................
: : i : ]
= B Bromsnmeenn A, =
: : | : :
|
|

(] LE————— ................. .................

Amplitude [H{f)|

| e ................. ................. ................. _
i e _ .................................. ................. _
o2k ................. .................

0.1

Freguency

Fig 2. Comparison of the Frequency Responses of the Proposed Model 5.537 MHz.
with that of in [7].

FUTURE SCOPE:

A lot of variables can be u sed for opt imizing t he model 1 eading to a be tter
precision. These parameters are the values of distributed elements and medium properties of
the model. One can use advanced multidimensional search algorithms [ 10], with the initially

obtained values from the main distribution line as a starting point, to achieve a more pre=:a=
model. One can extend the idea of three conductor line model to four or more conductor SARCH

model for a higher precision.
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CONCLUSION:

A novel method of modeling Powerline channel is proposed here. The development of
the model requires only the measured frequency response of the channel along with some
details about the main distribution line of the network. The versatility of the model lies in the
fact that it can be readily deployed for Electromagnetic Compatibility as well as Performance
Analysis. The paper also points out further ways of improving the precision of the model
using multidimensional search algorithms.
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ABSTRACT:

Line, s urface and vol ume integrations ar ¢ the i ntegral pa rt of e lectronics,
particular for the E lectromagnetic problems. N eural net work i s capabl e of
solving the ODE and partial differential equations. Here trials have been made
to use the ANN techniques for integration from the deferential equation point
of vi ew. So me 1 ine, s urface and vol ume i ntegrations ar e usedtotestthe
accuracy of t he m ethod and ar ein good agreement w itht he es tablished
numerical methods used for the engineering problems.

INTRODUCTION:

Integration p lays a m ajor r ole i n el ectronics pr oblem. A nalytical and N umerical
methods are the most common to find the value of integration. Numerical method is gaining
importance to its analytical counter part due to its capability to implement in the computer.

The Maxwell’s equation can be in integral or differential form. The line, surface and
volume integration is very frequently used in electromagnetics particularly in antenna
problems. The radiation field produced by a transmitting antenna system having any known
arbitrary cur rent di stribution can be f ound b y addi ng t he s eparate f ields pr oduced b y
elementary lengths of thin conductors with each elementary length treated as a very small
radiating doublet antenna. In adding the contributions to the total field that are made by the
individual doublets that can be considered as making up the actual current distribution of an
antenna it is necessary to take into account the phase and t he plane of polarization of each
contributing ¢ omponent f ield. T hose f ield s trength s ummations can be doneb y ei ther
graphical or mathematical integration. The moment method of far field radiation calculation
is a mathematical i ntegration method bas ed in principle upon t he fundamental concept of
summing fields from many small elemental sections of thin antenna conductors that compose
an antenna system. In this paper some fundamental work is done for the line, surface and
volume integration using neural network.

Solution of ODE and partial differential equations can be computed using ANN [1-2].
Artificial Neural Network [3-4] is being used f or high-level design, providing fast and
accurate solutions to the task it has learned. The use of neural networks provides advantages
like good gene ralization p roperties, 1 ess model par ameters t han ot her methods, co mpact
solution models and low demand on memory. Hence it has the capability to tackle differential
equations of many engineering problems. Here for the first time the value of integration is
calculated using ANN from the differential equation point of view.

In t his paper 1 ine, s urface an d vol ume i ntegration i s cal culated us ing A NN | SEARCH

compared with the established numerical methods. The results are encouraging and in good
agreement with each other.
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PROBLEM FORMULATION

The total numbers of treated problems are six, two from each category.

1-6 gives the treated problems; the RHS shows the results using established

Analytical/Numerical methods.
/2

[ sin(x)dx =1

0
2
juu?—zx—ﬁdx=—04aﬁ
0

2r 7w/2

[ sin(x) + x cos(y)drdy = —9.8696
T 0
27 7wl2

e’ sin(x) + x cos(y)dxdy = —44.2814
[ xe” sin(z)dxdydz = 3.6945

0

3

I J x* ye” dxdydz = 8.8556
11

III. PROPOSED ANN TECHNIQUE FOR INTEGRATION
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(1)

(2)

(3)

(4)

(5)

(6)

The general method for computing the line, surface and volume integration using

ANN is illustrated below.

For Line integration using ANN we propose an ANN network with input x and P is

the weight vector of the network.

Tf(x)dx = N(x,P)

The network is to be trained to minimize and the cost function is given by (8).

iN(x,P)—f(x) =0
dx

(7)

(8)

Surface and volume integral is calculated in the similar manner with a network with
two and three inputs respectively. The cost function for the surface and volume integrals is

given by (10) and (12) respectively.
RoR)

[ ] 7Gey)dxdy=N(x,,P)

XN

0 0
N(xay,P)_f(X,y):O
ox Oy

Xy ¥y Zy

[[] £Gy.2ydxdydz= N(x, .z P)

X0z
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17719 _
ﬂ.”_yEN(x,y,z,P) f(xy,z)=0 (12)

IV. TRAINING THE NETWORK

The net work used for training is a normal feed-forward neural network [5-7] with
number of inputs equal to the number of variables (i.e. for double integration the number of
inputs are two). Linear transfer function is used for the output layer and the transfer function
for the hidden layer is tanh (.) The network is trained upto 10 tolerance. Number of hidden
neurons are 8.

The network is trained according to the normal back-propagation algorithm [7].

For the double integration the equation for the ANN is given below.

N = Awz(r) (13)
= V;iX+V2iy+V0i (14)
z(r) = tanh(r) (15)

The error is calculated from the cost function for the surface integration and it is given
in equation (10).

Error :llN(x, y,P)- f(X,y) (16)
fix fly
E = (Error)’ (17)
k
Vvik+1 - \Nik _hE_i_a(Wik _ Wik—l) (18)
w;
k
v, =y —h111%+av(v”k —v“.k'l) (19)
1]
k
v, = _hgi"'a(vﬂk _sz'k_l) (20)
2j
k
Vojk+1 :VOJ-k —h:_[Tvi'i'a(Vojk —Vojk_l) (21)

0j
Where, k is the iteration number, Vv;are the weights from the input to hidden
neuron (except for i = 0); w;are the weights from hidden to output and v is the threshold.
h, a are the learning rate and momentum respectively. Selection of a value for the learning

rate parameter, A, has a significant effect on the network performance. Usually, /7 must be a
small to ensure that the network will settle to a s olution. A small value of /7 means a l arge
number of iterations. It is often possible to increase the size of /7 as learning proceeds. The
value of alpha should be positive but less than 1 and represent the momentum term. Similarly
the updated equations can be found for the line and volume integration.

V. RESULTS
Table I: compares the ANN results with the Analytical\Numerical result. SEARCH
The error is calculated using the formula (22).
C=(A-B)x100/A (22)
The results for the line, surface and volume integration in the treated case is fourd to
<< i oo —oreement with established methods used in engineering calculations.
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TABLE I:
Problem defined in | Analytical ANN | Percentage

the equation Or Numerical | Result of error

(A) (©)

B)

Equation 1 1 0.995 0.50
Equation 2 -0.4605 -0.473 -2.7144
Equation 3 -9.8696 -9.640 2.3263
Equation 4 -44.2814 -45.104 | -1.8577
Equation 5 3.6945 3.751 -1.5293
Equation 6 8.8556 8.521 3.7784

VI. CONCLUSION

In this paper for the first time ANN is used for integration from differential equation
point of view. The results are encouraging in the treated cases and can be used for the
applications of electromagnetics and antenna problems. Training the ANN for a low tolerance
value can reduce the error.
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DIELECTRIC RELAXATION MEASUREMENTS OF FMD AND PLG
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ABSTRACT:

The di electric relaxation s tudies of F MD ( formamide) and PLG ( propylene
glycol) binary mixture ar e carried out by using TDR & F DR method. T he
static dielectric permittivity (g9) andr elaxationt ime (t) with exces s
parameters are r eported through T DR technique for 20°C, 30°C, 40°C. T he
dielectric par ameters have been obtained by fitting experimental data with
Harviliak-Negami equat ion. Observation s hows t hatt he s tatic di electric
permittivity and relaxation time decreases with increasing temperature as well
as the dielectric permittivity decreases and relaxation time increases with
increasing percentage volume of PLG in FMD. The permittivity (&) and loss
(¢”) with tan 8 are reported through FDR technique for 9-12GHz frequency
ranges using X-band set up. It gives the dielectric permittivity decreases and
dielectric loss increases for increasing concentration as well as the dielectric
permittivity and dielectric loss decreases for increasing frequencies.

INTRODUCTION:

A great interest has been evinced in the study of dielectric r elaxation be havior in
FMD with a view of understanding the role of hydrogen bonding and rotation of NH;, group
inthe PLG. T he FMD is an interesting class of solvents. A great variation in liquid state
properties and di electric r elaxation i s f ound bet ween uns ubstituted FM D. I n t he pr esent
paper, a co mparative dielectric study of FM D with increasing percent volume of PL G has
been made.

Dielectric techniques have b een used to observe the well-known a or s tructural
relaxation process over a broad frequency and temperature range. Recently, special interest in
the dynamic at high frequencies, in the microwaves and sub millimeter range has risen due to
the prediction of some theoretical and scaling approaches elaborated in the past. The static
permittivity of bipolar liquid is closely related to its molecular structure. In former theories
this relation finds an obvious expression in the orientation correlation factor which has regard
to the fact that, under certain condition, the dipole orientation an en semble of neighbored
molecules is not randomly distributed but may be object to molecular order.

Dielectric relaxation of | iquid mixture gives information about molecular
interaction. The FM D is an a ssociative liquid with C = O group. The FM D represent an

important characteristic of amides of organic solvents due t o high polarity, strong solvg SEARCH

power. FMD is the excellent proton donors as well as proton acceptor and hence i s strongly
associated through intermolecular H-bonds.

The aggociation pattern and level of hydrogen bonding in liquids like monoalcoh~!s
rveeer e ouXture of these has been a s ubject of intense research. These studies have bec
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extended t o d ialcohol ( diol), w hich have t he pos sibility to f orm bot h 1 ntra and inter -
molecular hy drogen bonds. The interest in diol is further emphasized by the fact that these
molecules play an important role in many chemical and biological processes.

MEASUREMENTS TECHNIQUES:

The exper imental techniques used to measure di electric par ameters ar e as follows,
TDR and FDR are the t wo method w hich ar e us ed in this paper to s tudy t he di electrics

parameters,
Experimental approach

il
I v

Time domain Frequency domain
! i } ! ' }
Transmission Reflection Fixed frequency General measured
Method Method (Concentration variation) (At all frequency)

The time depe ndent data w as processed to obtain a co mplex r eflection c oefficient
spectra r*(w) over t he f requency r ange f rom 10 MHz to 20 G Hz. U sing Fo urier
transformation as

r*(w) = (c/jwd) [p(w)/a(w)]

Where p (W) and q (W) are Fourier transforms of R (t) — Rx (t) and R (t) + Rx (t)
respectively,  C is the speed of light, w is the angular velocity, d is the effective pin length
and  j= O-1.The com plex per mittivity s pectra e*(W) were obt ained f rom r eflection
coefficient spectra r *(w) by applying calibration method. The experimental values of e* are
fitted with Debye equation

e*(w) =ex + (eo - ex) / (1+jwt)

where € (, € ¥ and t as fitting parameters. A non-linear least squares fit method was
used to determine the values dielectric parameters.

An alternating electric field of appropriate frequency gives rise to dielectric
dispersion. W hen t he di rection of the field changes s ufficiently fast, t he m olecular force
impending the dipole orientation dominates and dipoles becomes unable to flow the charges;
at these frequencies t he or ientation o fthe p ermanent d ipoles no 1 onger c ontributes to the
dielectric constant. In a cer tain frequency band a phas e lag between the field and the dipole
orientation develops and energy is drawn from the electric source is dissipated as heat. This
phenomena is described by a complex representation of dielectric constant, e* (W) gives as,

e*(w)=¢e'—je"

The imaginary part €", is known as dielectric loss and the real part €' is constant of the
medium that measure the efficiency of transfer of electric charge and it is called as dielectric
constant of the medium. The expressions are useful for evaluating €' and €" are,

e= 12,{1/VPc+(b’;-a’;) / 4p*} and e"={1’b,a;}/ 2p°
where ¢ is the cutoff wavelength given by,

Ic =2 X a, a is the border side of the rectangular waveguide.
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RESULTS AND DISCUSSION:

For TDR;

Tablel: Static permittivity (eg) and relaxation time (t) of FMD + PLG mixture

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

% Volume of T=20°C T=30°C T=40°C

PLG in FMD (e0) (t) (e0) (t) (e0) (t)
00 110.08 44.24 101.08 37.52 97.52 29.45
10 101.12 64.34 90.31 50.53 83.02 41.23
20 86.22 81.65 82.24 73.62 7217 63.54
30 80.42 94.61 75.30 89.85 64.29 83.39
40 43.80 101.13 38.48 96.59 3471 90.41
50 35.77 120.73 31.95 103.45 28.96 95.56
60 33.02 191.45 29.64 175.84 26.80 133.39
70 32.92 239.63 28.56 219.36 25.63 200.26
80 32.52 269.54 27.32 239.56 24.52 225.85
90 31.32 312.02 27.21 268.97 24.39 262.97
100 31.10 335.74 27.00 298.67 23.39 285.95

Graph 1: Static dielectric permittivity of FMD + PLG mixture

Graph 2: Relaxation time of FMD + PLG mixture
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Table 2: Excess permittivity (€) and excess inverse relaxation time (1/t)© of FMD + PLG mixture

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

X2 T=20°C T=30°C T=40°C
(€%) (/1" (€% (1/t° (€9 (1/t)°
0 0 0 0 0 0 0
0.0577 -51.94 -13.88 -48.38 -14.85 -48.65 -21.76
0.1212 -74.07 -18.48 -69.48 -21.2 -68.99 -28.72
0.1912 -73.78 -16.66 -69.68 -20.7 -68.28 -25.76
0.2688 -59.5 -11.63 -56.35 -15.6 -54.76 -18.3
0.3555 -39.3 -6.477 -36.74 -8.667 -36.35 -11.29
0.4527 -18.55 -3.166 -16 -2.878 -18.3 -7.543
0.5627 2.8639 -1.34 5.1247 -0.584 -0.377 -5.558
0.6881 30.446 2.2948 30.288 2.159 23.407 1.2683
0.8323 59.342 9.9117 54.25 12.124 50.448 16.75
1 0 0 0 0 0 0

Graph 3: Excess dielectric constant of FMD + PLG mixture

Graph 4: Excess inverse relaxation time of FMD + PLG mixture
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Note: X2 is mole fraction of PLG in FMD binary mixture
The results are recorded in above tables, show that the static permittivity is going to

decrease for increasing range of temperature and per centage volume of PLG in FMD. The
relaxation time is going increasing for increasing range of volume of PLG in FMD but

relaxation time decreases for increasing temperature ranges. [ nformation related to solute—

solvent interaction might be obtained by excess properties related to the permittivity and

relaxation time in the mixture. The excess permittivity e* is defined as,
= (€0 - €x)m —[€0-€x)a Xa + (B0 - x)s Xg]

Where X is mole fraction and, A, B represents mixture, solvent and solute
respectively. T he exces s per mittivity m ay provide qualitative i nformation about multimer
formation in the mixture as fallows:

e

E

1. €= 0: Indicates the solute and solvent do not interact.
2. e"< 0: Indicates the solute-solvent interaction is in such a way that the effective dipole
moment gets reduced. May form multimers leading to the less effective dipoles
3. e"> 0: Indicates the solute-solvent interact in such a way that the effective dipole moment
increases.

The excess inverse relaxation time is defined as,

(1/0)° = (1/t) m— [(1/t) A Xa+ (1/t) & Xs]

Where (1/t)" is the excess inverse relaxationt ime which represents the average
broadening of dielectric spectra.

The exces s 1 nverse r elaxation t ime gi ves 1 nformation r egarding t he dy namics of
mixture interaction is as fallows:
1. (1/t)" = 0: There is no change in solute — solvent interaction.
2. (1/£)" < 0: The interaction produces a field such that the effective dipoles rotate slowly.
3. (1/t)" > 0: The solute—solvent interaction produces a field such that the effective dipoles

1.e. the field will co-operate in rotation of dipoles.

Centre for Research in Electromagnetics and Antennas CREMA

147




Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

The experimental values of both the excess parameters were fitted to the Redlich-

Kister equation
Y5 = (Xa Xa) 3 Bx (Xa- Xe)

Where Y® is either e® or (1/t)". The coefficient Bk was then calculated. The excess
permittivity of FMD+PLG and their excess inverse relaxation time values are given in table
respectively, following conclusion can be drawn from the tables:

1. T he exces s per mittivity v alues of mixture ar e negat ive for 0.05t 0 0 .45 mole
fractions. T his indicates the antiparallel alignment of the dipoles in FMD rich region. This
also indicates that the solute and solvent may form multimers leading to the less effective
dipoles in FM D rich region for the systems. The excess permittivity values are positive in
PLG rich region. This indicates the parallel alignment of the dipoles and increase in effective
dipole moment in PLG rich region.

2. The excess inverse relaxation time values of mixture are negative for 0.05 to 0.56
mole fractions. This indicates the slower rotation of the dipoles of the system in FMD rich
region. The ex cess inverse relaxation time value of mixture is positive in PLG rich region.
This indicates the faster rotation of the dipoles of the system and the field will co-operate in
rotation of dipoles in PLG rich region. This may be due to the higher dipole moment of FMD
(3.8) than of PLG (2.4)

For FDR;
Table 3: Dielectric permittivity (e') and Dielectric loss (e")
% Volume of 9GHz 10GHz 11GHz 12GHz
PLG in FMD (e') (e") (e') (e") (e') (e") (e') (e")
0.0 2.4314 0.0610 2.4131 0.0451 2.3112 0.0334 2.2136 0.0237
0.2 2.3978 0.0902 2.3646 0.0598 2.2456 0.0414 2.1784 0.0341
0.4 2.2345 0.1024 2.3045 0.0894 2.1464 0.0623 2.1132 0.0536
0.6 1.9456 0.1232 1.9025 0.0996 1.8932 0.0845 1.8435 0.0799
0.8 1.6635 0.1325 1.4365 0.1006 1.3214 0.0998 1.2304 0.0974
1.0 1.1001 0.1423 1.0964 0.1212 1.0745 0.1121 1.0654 0.1025
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Graph 5: Dielectric permittivity of FMD and PLG mixture Graph 6: Dielectric loss of FMD and PLG mixture
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Percentage volume of PLGin FMD 12GHz — 4 /
" 0.4 0.0458 0.0387 0.0290 0.0125
0.6 0.0633 0.0523 0.0446 0.0433
0.8 0.0796 0.0700 0.0755 0.0791
0 0.2 04 06 08 1 1.0 0.1293 0.1105 0.1043 0.0962
Volume of PLG in FMD

Dielectric permittivity, dielectric loss and tand for the interaction between FMD with
PLG are given in above tables.

It is observed that the dielectric permittivity decreases and dielectric loss increases for
increasing concentration. It is also observed that the dielectric permittivity and dielectric loss
decreases for increasing frequencies. Such type of investigation and similar behavior of
dielectric constant has been reported by S.M Puranik and M Malathi.

The dielectric permittivity of this binary solutions decreases with increasing
volume percent of PLG in FMD. The decrease in dielectric permittivity of the FMD with
increasing volume percent of PLG in FMD indicates the formation of hydrogen bonding with
oxygen’s of neighboring molecules, the molecules are under the influence of ions resulting in
lowering of the values of dielectric permittivity of the binary mixture. Also the rotation of
molecules due to dynamics of hydrogen bonds formed between carboxyl oxygen’s of an
acceptor molecules and formal proton of donor hindered intermolecular rotation around C-N
bond. This would be another region for faster relaxation and decrease in dielectric
permittivity in FMD with increasing volume of PLG.

Another reason in decrease in dielectric permittivity of this binary mixture due
to the bigger molecular dimensions of PLG are greater than FMD, when these higher
dimension PLG are added to FMD the resultant dipole moment of the binary mixture get
increases which will reduce its mobility in the mixture and hence decrease in permittivity.
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Dielectric spectrum of FMD Dielectric spectrum of PLG Cole-Cole model of FMD Cole-Cole model of PLG

Cole-Cole plot of FMD Cole-Cole plot of PLG
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ABSTRACT:

Smart antenna system attracts a lot attention now and believably more in the
future. The system of antennas include a large number of technique that
attempt t o enh ance the received signal, and suppress all i nterfering s ignals,
and 1 ncrease capacity in general. The final phase in the development of
cellular r adio s ystems w ill be s pace di vision m ultiple acces s (SDMA). It’s
advanced s patial-processing capability ena blesi tt ol ocate many us ers,
creating a different sector for each user.

This new approach is based upon a r ecent patent by Carl Elam. In this
new method adaptation is not necessary and tracking is not performed, while
excellent results are achieved. This technique essentially works by designing
the array weights to be time-varying random phase functions. The weights act
to m odulate each array el ementou tput. T her eceiveri ss uperior in
performance b ecause cont iguous bea ms can be f ormedin any r egions of
interest without the need f or hardware phase shifters. The beams are created
by correlation. The main purpose of this article is to provide a concep t of a
novel digital beam former (DBF) receiver.

INTRODUCTION:

Many research and devel opment activities have been pour ed into devel oping s mart
antennas for wireless communications systems. Interest in this technology is increasing since
spatial processing is considered as a ° last frontier’ in the battle o f cellular system capacity
with a limited amount of the radio spectrum. SDMA means that more than one user can be
allocated simultaneously to the some physical communications channel in the same cell with
only an angul ars eparation. T his technology dr amatically i mproves the i nterference-
suppression ca pability w hile 1 t gr eatly 1 ncreases f requency r euse, r esulting 1 n i ncreased
capacity and reduced infrastructure cost [1].

This new D BF receiver is based upon ar ecent paten by Carl Elam [ 2] and a
radical shift in traditional DBF methods. This approach blends the virtues of switched beam
and adaptive array technologies w hile avoiding many of their respective w eaknesses. T his

falls under t he gener al t opic of w aveform diversity. T his w orks b y des igning t he arr2
SEARCH

weights to be time-varying random phase functions. The weights act to modulate each a
element out put. Speci fically, the ar ray out puts ar ¢ w eighted or modulated w ith a set of
statistically 1 ndependent pol y phas e chi pping s equences. A di fferent and i ndependent
P raveform is used for each an tenna out put. T he phas e modulation w avefi
puipusciy sured the phase of each antenna output by chipping at rates much higher than tne
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base band frequency of the message signal. This shredding process breaks up the phase
relationship between all array elements and thus purposely eliminates array phase coherence
(opposite of t het raditional goal ). T her eceivert hen cans eeal 11 ncoming signals
simultaneously without the necessity of steering or adapting because the array elements, for
the moment, b ecome s tatistically 1 ndependent f rom one a nother. T he chi pped 1 ncoming
waveforms are processed in a quadrature receiver and are subsequently compared to similar
chipped w aveforms s tored i n m emory. T he m emory waveforms ar e ¢ reated bas ed upon

expected angl es of arrival. T he theoretical s patial capac ity is simply the angular s pace o f
interest divided by the antenna beam solid angle [3].

DESCRIPTION OF THE NEW SDMA RECEIVER:

The novel digital beamformer is depicted in fig. 1. This new SDMA DBF can be used
with any arbitrary N-element antenna array. It can be l inear array but should preferably be a
two di mensional r andom ar ray s uch t hat t he ant enna geom etry and el ement phasingisa
unique for each incoming angle-of-arrival.

For pur pose of 1 llustration, consider N -element | inear ar ray. T he i ncoming
signals arrive at angles 0; where 1=1, 2...L. Each different angle of arrival produces a unique
array element output with a unique phase relationship between each element. These phase
relationship will be used in conjunction with the modulations B(t) to p roduce a uni que
summed signal y'(t).

Corresponding to the actual N-element antenna array is a s econd virtual array
modeled in memory. The virtual array is modeled after the actual physical array used. The
memory array has K possible virtual outputs for each expected directions 0k (k= 1, 2, ..., K).
The total number of expected directions K should be | ess than or equal to the number of
antenna of antenna elements N. These memory signals are generated based upon knowledge
of the antenna array geometry and the calculated phase delays for each s pecific direction of
interest. The expected directions are generally chosen by the user to be n o closer than the
angular resolution allowed by the array.

The N-element array outputs and the N-antenna array memory outputs are both
phase modulated (PM) by the same set of N pseudo-noise (pn) phase modulating sequences.
The n™ phase modulating sequence will be designated as Bu(t). Pn(t)is c omposed of M
polyphase chips. Each chip is of length 1. and the entire sequence is of length T=Mrt.. The
chip rate is chosen to be much greater than the Nyquist rate of the incoming baseband signal
modulation. The purpose for this over sampling is so that the phase modulation of the
incoming signal is nearly constant over the entire group of M chips. In general, the goal
should be such that T<1/(4B,,) where By, is the message signal bandwidth.

Each phase modulating waveform B,(t) is used to modulate or tag each a rray
output with a unique marking or identifying waveform- f,(t) deliberately shreds or scrambles
the phase of the signal at array element n. This shredding process temporarily scrambles the
phase relationship between all other array elements. The desired element phasing is restored
in the correlator if the incoming signal correlates with one of the memory signals.
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Fig. 1. SDMA quadrature receiver.
MATHEMATICAL DESCRIPTION:

Each baseband output of the receive array will have a complex voltage waveform
whose phase will consists of each emitter’s message signal m(t) and the unique receive
antenna element phase contributions. Ignoring the space loss and polarization mismatches,
the received baseband array output is given in vector form as
o L 1 Jem®

ejkd sin(@;) ejkd sin(@,)

x"(r)= . S . =A"s"(t)

ej(nfl)kdsin(ﬁl) ej(n—l)kdsin(HL) ejm"(t)

where my(t)=Ith emitter’s phase modulation,  d= array element spacing
k= wave number, 0= angle of arrival of the Ith incoming

signal
a/ = [1, g/dsn) i1k “i"(y’)]T = steering vector for direction 0,

A" =matrix of steering vectors for all angles of arrival 6,
S" =vector of arriving signal baseband phasors

The received signals, for each array output, are phase modulated with thg SEARCH
chipping sequences. the chipping waveforms can be viewed as phase-only array weights.

These array weights can be depicted as the vector (t) The total weighted or chipped array
C 1e received signal vector and is given by
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These array weights can be depicted as the vector (l‘) The total weighted or chipped array
output is called the received signal vector and is given by
y ()= Ble) 5 ()
In a similar way, the array signal memory steering vectors are created based
upon M expected angles-arrival 0,,,.

1 A 1
e Jjkd sin(8,) o e Jkd sin(6y )
= . o . —|a..a:]
ej(n—l)kd sin(6)) ej(nfl)kd sin(6y )

where a; is the steering vector for expected direction 0 and A¢is the matrix of

steering vectors for expected direction 6.

The memory has k outputs, one for each expected direction 6,. Each memory

output, for the expected angle 0, is given by
vie)=p0) a;

The signal correlator is designed to correlate the actual received signal with the
conjugate of the various expected direction memory signals. The best correlation occurs
when the actual AOA matches the expected AOA. The correlation can be used as a
discriminant for detection. Since the arriving signals have a random arrival phase delay, a
quadrature correlation receiver should be employed such that the random carrier phase does
not affect the detection. The general complex correlation output, for the kth expected

direction, is given as R, = rTy’(t).y,f *(t)dt =|R,[e’™

where R, is the correlation magnitude at expected angle 0, and ¢ | is the correlation
phase at expected angle 6,.

The new SDMA receiver doesnot process the incoming signals with phase
shifters or beam steering. The correlation magnitude |R,| is used as the discriminant to
determine if a signal is present at the expected angle 6. If the discriminant exceeds a
predetermined threshold, a signal is deemed present and the phase is calculated. Since it is

assumed that the emitter PM is nearly constant over the code length M1, the correlator outpt
phase is approximately the average of the emitter PM. Thus

¢ = arg(Rk ) = my,
—~ 1 +T
where m, = T I m, (t)dt =average of emitter’s modulation at angle 6y

The average phase 7, retrieved for each quarter cycle of the m(t) can be used to
reconstruct the user’s phase modulation using an FIR filter.

ADVANTAGES:

1. It can process multiple angles of arrival simultaneously.
2. TItis not limited by acquisition or tracking speeds.
3. Interfering signals are minimized because the shredded waveforms at interferer ang _SE ARCH
not correlate well with expected direction waveforms stored in memory. _
4. Any arbitrary and/or random antenna array geometry can be incorporated into this as long
as the expected memory signals are based upon the array geometry.
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CONCLUSION:

In this article we discussed the concept of a SDMA and a new approach for SDMA
receiver with a mathematical description. Advantages of this approach are also discussed.
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ABSTRACT:

The most prominent parameter affecting the accuracy of GPS Aided Geo
Augmented Navigation (GAGAN) is ionospheric delay which is a function of
Total Electron Content (TEC). The ionospheric time delay of the propagating
radio wave is subjected to ge ographical, seasonal, diurnal and solar activity
variations. Prediction o f this time delay is particularly difficult in equatorial
and low latitude regions. In these regions the ionosphere o ften caus es more
problems for navigation, surveying and communication systems. In this paper
analysis i s car ried out by investigating da ta f rom s everal T EC s tations of
GAGAN network comprising dual frequency Global Positioning System
(GPS) receiver. The observations of measured TEC values over Indian region
due to GAGAN TEC stations show large variations, which can adversely
affect the Required Navigation Parameters (RNP) requirements. The hourly
and s easonal t ime del ay s tatistics of i onospheic r egion over i ndia gi ves
interesting features.

INTRODUCTION:

Navigation is a process of directing a vehicle from one known position to another,
which can be done by several systems. GPS is one s uch satellite bas ed na vigation s ystem
designed and developed by Department o f D efense (DOD), U SA. It pr ovides r easonably
accurate, all weather three dimensional position of user on or near the surface of the earth.
But, t he reliability of s ystem is not guar anteed due t o various s ources of errors such as
satellite based errors, atmospheric errors and receiver based errors. T he most predominant
error among these is the ionospheric time delay. Because of the errors, the standalone GPS
cannot pr ovide the pos itional accur acy r equired for ci vil a viation applications i.e., CAT I
precision appr oach. T herefore, var ious s atellite bas ed a ugmentation s ystem ar ¢ being
developed all over the world (Hofmann et al, 2008). GAGAN is one s uch system in India.
Several near r ealt ime gr id bas ed i onospheric models are i nvestigated f or G AGAN
applications (Sarma et al, 2006). However, significant work has not been reported as far as
statistical behavior of the ionosphere is concerned. Therefore, an at tempt has been made to
investigate the ionosphere time delay statistics for GAGAN application using GPS data.

DATA ACQUISITION AND PROCESSING:

The data from various T EC stations of G AGAN net work is obt ained from Space
Applications C enter ( SAC), I SRO, A hmedabad, I ndia. In the G AGAN n etwork 20 T
stations are installed to monitor the ionospheric behavior. The processed GPS data contains
23 parameters. Out of these only seven parameters, namely user position, PRN number of
satellite, GPS week number, GPS seconds of the week, elevation angle, azimuth angle and

in the analysis.
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HOURLY VARIATIONS OF THE VERTICAL DELAY AT IPPS:

For better understanding of the ionospheric delay variations, the TEC data of storm
(6<Kp<9) day (27th July 2004) is considered. Vertical delays are calculated at IPPs for all the
visible Satellite Vehicles (SVs). However, SVs visible for more than 3 hours in each time slot
are only preferred for analyzing the hourly TEC variations. T he analysis is carried out by
dividing the day into four slots, that is 0000-0600 hours, 0600-1200 hours, 1200-1800 and
1800-2400 hours. In a particular time slot, an SV which is visible in more number of stations
is only considered for the analysis.

DATA DURATION 0000-0600 HRS:

(i) During this time slot, the PRN 24 data is available for 4 to 6 Hrs from 9 TEC
stations. M aximum delays of 1.86 m (Bagdogra), 1.172 m (Bangalore), 4.92 m (Bhopal),
2.23 m (Delhi), 3.9 m (Hyderabad), 2.22 m (Jodhpur), 3.68 m (Mumbai), 1.42 m (Raipur)
and 1.97 m (Visakhapatnam) are observed at these stations. Elevations at these points are
observed to be above 53 °. All stations experienced maximum delay during early hours of
the pass between 0000 to 0130 Hrs. These delays are observed when satellite is in between
180" to 270° azimuthally. Even though the elevation angles are decreasing during 0130 Hrs
to 0500 Hrs, the ionospheric delays at each station found to be gradually decreasing instead
of increase correspond to this period. During this time period azimuths are observed to be in
between 320° to 60°. The least delay (0.3 m) was experienced at Bangalore at an elevation
of 15.5° In some of the stations where the satellites pass is more than 5 hours (Bagdogra,
Raipur and V isakhapatnam), t he del ays ar e obs erved t o be i ncreasing w ith t ime ( after
0005HTrs).

(ii) Data duration 0600-1200-1800 hours: The significance of this time slot is that,
due to gradual increase o f solar ultraviolet light with time the ionosphere is heated and 1 ts
electron cont ent changes gradually. As ar esult more del ay is expected. Si nce s ufficient
number of satellites are visible for more than 6 Hrs, complete 0600 to 1800 Hrs timeslot is
considered instead of 0600 — 1200 Hrs and 1200 — 1800 Hrs. During this time slot the PRN14
data 1s available for 6 to 8 hours from 11 TEC stations. Maximum delays of 9.7 m (Aizwal),
9.93 m ( Bagdogra), 6.21 m ( Bangalore), 8.59 m ( Bhopal), 7.28 m ( Delhi), 9.2 m
(Guwabhathi), 8.3 m (Hyderabad), 6.3 m (Jodhpur), 7.18 m (Lucknow), 6.74 m (Mumbai), 7.7
m (Raipur), and 7.7 m (Visakhapatnam) are observed at these stations. E levations at these
points are observed to be less than 26°. All stations experienced maximum delay during the
pass between 1400 to 1500 Hrs. During this time period azimuths are observed to be in
between 70 © to 120 °. A s expect ed, t he de lays r eached t o peak val ues and gr acefully
decreased. O n s torm day B agdogra (9.9 m)and A izwal ( 9.7 m) exper ienced m aximum
delays.

(iii) Data dur ation 1800 -2400 hours : During this time s lot, the PR N 31 dat a is
available for 4 to 5 hours from 11 TEC stations. Maximum delays of 7.85 m (Aizwal), 6.64 m
(Bagdogra), 5.57 m (Bangalore), 9.32m (Bhopal), 7.73 m (Delhi), 5.61 (Guwahathi), 7.80 m
(Hyderabad), 7.79 m (Jodhpur), 8 m (Mumbai), 6 m (Raipur), and 6.47 m (Visakhapatnam)
are observed at these stations. Elevations at these points is observed to be varying from a

minimum of 15.36° (Jodhpur) to a maximum of 55.99° (Mumbai). During this time pe riod
azimuths are observed to be between 70° to 120°. hSEARCH
CUMULATIVE PROBABILITY OF RANGE DELAY:

For < tudying the effect of seasons on 1 onosphere, the calendar year is divided into
... _depending on t he ionospheric c onditions. T hey ar e w inter ( Nov-Feb), ve. .....
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Equinox (Mar-Apr), summer (May-Aug) and autumn equinox (Sept-Oct). The delay statistics
are based on satellite elevation angle. The delays that fall within + 0.5 of each integer degree
of elevation angle are grouped together. The delay values at 10°, 20°, 30°, 40°, 50°, 60°, 70°,
80° and 90° are considered. Using statistical probability (Bendat et al, 1986), the cumulative
distribution o f1 onospheric time del ay at t hese el evations is s tudied f or four s tations o
GAGAN network namely Ahmedabad, Hyderabad, Kolkata and Trivandrum.

AUTUMN EQUINOX:

The TEC data for the year 2004 is processed and anal yzed. As the mask angle has
been set at 15°, the investigation of elevation angles beyond 10 are considered and presented
in Table 1. From Table 1, it is clear that, maximum vertical delay (17.48m) for an elevation
of 60° is occurred at Hyderabad station. It is interesting to know that the delay at Trivandrum
is lower among all the stations considered. This could be due t o equatorial anomaly effect.
However at crest regions the delay is expected to be more. Fur ther, it is also observed the
slant and ver tical delay values are nearly same at 80° and 90° elevations for the stations in
consideration indicating the minimum effect of the mapping function. A mong the s tations
considered the delay is large at higher elevations for Kolkata station. The maximum vertical
delay is same for all elevations at Ahmedabad and Trivandrum that is around 13 m and 9 m
respectively. The cumulative probability (in percentage) of slant delay at these stations is
shown in Table 2. The delay observations at all elevations for each station are considered in
calculating per centage of cumulative probability. T he cumulative distribution of delays for
elevations (20° — 50°) at kolkatta station is shown in Fig.1.

CONCLUSIONS:

Worldwide Satellite B ased A ugmentation Systems for precision approach are being
considered for deployment. I onopsheric s tatistics will he Ip i n opt imizing t he I ocations of
ionospheric reference stations. Large TEC variations can be observed at all stations for storm
day during 1800 to 2400 Hrs. Seasonal variations of TEC with respect to elevation angle for
four stations for autumn equinox shows that maximum vertical delay (17.48 m) was found at
Hyderabad for an el evation of 50 °. T his pr eliminary anal ysis can be f urther ex tended t o
various stations as well as seasons, which help in characterizing Indian ionosphere. This type
of statistics would be useful for developing and modifying the proposed algorithms for GPS
applications at low latitude stations. And also useful in developing an ionospheric time delay
model for low latitude regions such as India.
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Table 1. Maximum slant and vertical delay for autumn equinox (Sept. - Oct., 2004)
(Elevations 20° t060°)

Elevation (in Degrees) / VTEC/STEC (meters)
Station 200 300 400 500 600
Name
Ahmedabad 13.5m/ 30.93m 13.49m/23.88m | 13.26m/19.62m | 13.03m/16.53m | 13.22m/15m
Hyderabad 15.43m/34m 16.19m/27.95m 1641m/23.81m | 16.73m/21.18m | 17.48m/20.08m
Kolkata 13.51m/30.77m | 14.07 m/25.02m 15.08 m/21.98m | 15.66 m/19.86m | 154 m/17.62m
Trivandrum 9.49m/21.52 m 9.46m/16.59m 9.55m/14.15m 9.55m/12.19 m 9.71/11.01m

Table 2. Cumulative probability of slant delay at all elevations (autumn equinox)

Probability of slant delay Station Name/ Delay (meters)
exceeds (%) Ahmedabad Hyderabad Kolkata Trivandrum
50% 5m 8m 8m 8m
40% 7m 10 m 11m 9m
20% 13 m 16m 17 m 13 m
10% 17 m 19m 20m 15m
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ABSTRACT:

Orthogonal Frequency Division Multiple Access (OFDMA) basestations allow
multiple users to transmit simultaneously on different subcarriers during the
same symbol period. This paper considers basestation allocation of subcarriers
and pow er to each user to maximize the sum of user data rates, subject to
constraints on total power, bit error rate, and proportionality among user data
rates. Pr evious al location methods have beeni terative nonl inear methods
suitable f or o ffline opt imization. A non -iterative method i s pr oposed b y
relaxing us er rate pr oportionality cons traints. C ompared t ot he pr evious
methods, t he proposed method w aives t he r estriction of hi gh s ubchannel
SNR, has significantly lower complexity, and yields higher user data rates.

1. INTRODUCTION

OFDMA is an extension of Orthogonal Frequency Division Multiplexing (OFDM)),
which is currently the modulation of choice for high speed data access systems, also referred
to as Multiuser OFDM. In the current OFDM systems, only a single user can transmit on all
of the subcarriers at any given time, and time division or frequency division multiple access
is e mployed to support multiple us ers. OFDMA a llows m ultiple u sers to transmit
simultaneously on the different subcarriers per OFDM symbol. Since the probability that all
users experience a deep fade in a pa rticular subcarrier is very low, it can be as sured that
subcarriers are assigned to the users who see good channel gains on them.

The problem of assigning subcarriers and power to the different users in an OFDMA
system has recently been an area of active research. In [ 1], the m argin-adaptive r esource
allocation pr oblem w as tackled, w herein ani terative subcarrier and pow er al location
algorithm was proposed to minimize the total transmit power given a set of fixed user data
rates and B it E rror Rate ( BER) r equirements. I n [ 2], t he rate-adaptive p roblem was
investigated, w herein t he obj ective w as t o maximize the total data rate over all the users
subjectt o power and BER constraints. This problem was partially addressed in [3] by
ensuring t hat e ach us er would be abl e to transmit at a minimum rate, and also in [ 4] by
incorporating anot ion of f airnessi nt he r esource al location t hrough m aximizing t he
minimum user's data rate. In [5], the fairness was extended to incorporate varying priorities.
Instead of maximizing the minimum user's capacity, the total capacity was maximized subject
to user rate proportionality constraints.

A s ubcarrier a llocati h is devel oped t hat | 1 izes t h 1 locat:
s ubcarrier a llocation s cheme 1s devel oped t hat | inearizes t he pow er al locaggammem

problem while achieving approximate rate proportionality. The resulting power alloca
problem is thus reduced to a solution of simultaneous linear equations. In simulation, the
proposed al gorithm ach ieves a total capacity that is cons istently hi gher than t he pr evious

' ‘res significantly less computation, while achieving acceptable
proportionality.
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2. SYSTEM MODEL

The block diagram for the downlink of a typical OFDMA system is shown in Fig.1.
At the base station transmitter, the bits for each of the different K users are allocated to the N
subcarriers, and each subcarrier n (1 <n <N) of user k (1 <k <K) is assigned a power py ,,. It
is assumed that subcarriers are not shared by different users. Each of the user's bits are then
modulated into N M-level QAM symbols, which are subsequently combined using the IFFT
into an OFDMA symbol. This is then transmitted through a slowly time-varying, frequency-
selective Rayleigh channel with a bandwidth B. The subcarrier allocation is made known to
all the users through a control channel beforehand; therefore, each user needs only to decode
the bits on their respective assigned subcarriers.

Fig.1 OFDMA system block diagram for K users

{Xu}

{bi}
Resource IFFT/ K User’s
—»| Allocation P Cyclic > FFT/
" {H:} >
Block Prefix Decoder

t |

It is assumed that each user experiences independent fading and the channel gain of
user k in subcarrier n is denoted as gy ,, with Additive White Gaussian Noise (AWGN) o2 =
No(B/N) where No is the noise power spectral density. The corresponding subchannel-to-
noise ratio is thus denoted as Hy , = g%.,/o* and the k™ user's received Signal-to-Noise Ratio
(SNR) on subcarrier n is Yy , = pi.n Hi . In order that the BER constraints be met, the effective
SNR has to be adjusted accordingly. The BER of a square M-level QAM with Gray bit
mapping as a function of received SNR vy, and number of bits r;, can be approximated to
within 1 dB for r; ;>4 and BER<10-,

BER ~ 0.2 ~ (1)
MQAM 7k ) = D2SXP|
2

Solving for yn

(Vi) = 1025 (1 . 7’;”} 2)

where I' = —ln(SBER) /1.6. The objective of the resource allocation is formulated as

B K N Hy ,
max ﬁkél nél kon log, [l+ Pl,n r (3)
Ck,n’pk,n
Subjected to
K
Clicy , € {01} Vk,n, C2ipy, 20V ki, C3: X ¢\ =1V ke,

K N
Cc4 :kEO néock’" pk’n < FBo CS:RZ. :Rj :¢i :¢j Vi, j € {1,...K},z # ] SEARCH

where ¢, is the subcarrier allocation indicator such that ¢, = 1 if and only if
subcarrier n is assigned to user k, and P, is the transmit power constraint.
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is the total data rate for user kand #.7....7, are the normalized proportionality

K

constants where & 7 =1. It ensures the correct values for the subcarrier allocation indicator
k=1

and the power.

3. RELATED METHODS

The approach in [ 5] was to first determine the subcarrier allocation, followed by the
power allocation. The subcarrier allocation was determined by allowing each user to take
turns choosing the best subcarrier for him. In each turn, the user with the least proportional
capacity gets the priority to choose his best subcarrier. A fter the subcarrier al location, the
maximization over continuous variables px, given by

B K | &1 Hen 0
max & & ngg tPn
Pi.n N k=1 nIW, G 5
(5)
. . N
where W, refers to the set of subcarriers assigned to user k and Ry =5 'Ié\}v M n 18
niw,

the total data rate for user k. The set of total power assigned for each user k, denoted as Py for 1 <k <
K, can be solved using L agrangian multiplier t echniques. Although these can be solved with less
computation, iterative methods are still needed.

4. PROPOSED METHOD

Stepl: Determination of the number of subcarriers Ny to be initially m assigned
to each u ser; This initial step is based on the reasonable assumption that the proportion o f
subcarriers assigned to each user is approximately the same as their eventual rates after power
allocation.

Step2: Assigning the subcarriers to each userinaw ay that ensures r ough
proportionality; T his s tep a llocates t he per u ser al lotment o f s ubcarriers N and then t he
remaining N * subcarriers in a w ay t hat m aximizes the overall capaci ty w hile maintaining
rough proportionality. The first step of the algorithm initializes all the variables. Ry keeps
track of the capacity for each us er. T he s econd s tep as signs to each us er t he unal located
subcarrier t hat has t he m aximum gai n for t hat us er. T he t hird s tep pr oceeds t o as sign
subcarriers to each user according to the greedy policy that the user that needs a subcarrier in
each iteration gets to choose the best subcarrier for it. The fourth step assigns the remaining
N'subcarriers to the best users for them, wherein each us er can get at most one unas signed
subcarrier.

Step3: The total power Py is assigned for user k to maximize the capacity while
enforcing the proportionality; The output of the first two steps is a s ubcarrier allocation for
each user, which reduces the resource allocation problem to an optimal power allocation as in

(5).

2 Kboa K 10
Bh=¢Pp-—a—:/¢l-a —:= , for k=1 SEARCH
gmt k=2 Bk g g k=2 Ak g (6)
= (bk_Pl) / akk ,fOI‘ k:2,K
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Step4: Assigning the powers pk .., for each user's subcarriers subject to the total power
constraint Py_Step 3 gives the total power Py for each user k, which are then used in this final
step to perform waterfilling across the subcarriers for each user as

H, -H P v

Prn = Prr © %, where - kN k (7)

kn okl k
The under lying pr emise be hind t hese s tepsi st hati n pr actical s ystems,
adherence to the proportionality constraints need not be strictly enforced. The proportionality
constraints ar e us ed t o di fferentiate var ious s ervices, w herein t he s ervice pr ovider may
choose t o pr ioritize t heir cu stomers bas ed on di fferent billing mechanisms. Si nce the
proportion of rates is more of a soft guarantee than a hard one, a rough proportionality is

acceptable as long as the capacity is maximized and the algorithm complexity is low.
5. RESULTS

In this section, the performance of the proposed subcarrier and power allocation for
proposed method is compared to the approach of [5].

The f requency selective multipath channel is modeled as consisting of six
independent Rayleigh multipaths, with an exp onentially decaying profile. A maximum delay
spread of 5 ps and maximum Doppler of 30 Hz is assumed. The channel information is
sampled every 0.5 ms to update the subchannel and pow er allocation. The total power was
assumed to be 1 W, the total bandwidth as 1 MHz, and total subcarriers as 64. T he average
sub channel SNR is assumed to be 38 dB. The number of users for the system varies from 6-
12, shown in Fig.2.

Fig.3 shows the comparison of total capacities between the proposed method
and other methods. Notice that the capacities increase as the number of users increases. This
is the e ffect o f m ultiuser d iversity gain, w hich is more prominent in s ystems w ith larger
number of users. The proposed method has a consistently higher total capacity than the other
methods for all the numbers of users for this set of simulation parameters. This advantage can
be attributed to the relaxation of the proportionality constraints, and the added freedom of
assigning the N" subcarriers.

Average CPU time comparison

107

——©— proposed i —©— proposed
4.9 | —— other

—+—— other |
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4.4
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Ave CPU time (s)

capacity (bit/s/Hz)

4.3

4.24

10"

4.1
6 7 8 9 10 11 12 > 3 4 5 3 7 8
number of users

number of users
Fig.2 Average CPU time versus number of users Fig.3 Total capacity versus number of user
g g g pactty SEARCH
. CONCLUSIONS

This paper pr esents anew methodto solvet he r ate-adaptive r esource al location
“" proportional rate constraints for OFDMA systems. It improves on the prev’
wuik 1 uus area [ 5] by dev eloping a nove 1 s ubcarrier a llocation s cheme t hat ach ieves

9]
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approximate rate proportionality while maximizing the total capacity. This scheme was also
able to exploit the linear case, thus allowing the optimal power allocation to be per formed
using a direct algorithm with a much lower complexity versus an iterative algorithm. It is
shown through simulation that the proposed method performs better than the previous work
in terms of significantly decreasing the computational complexity, and yet achieving higher
total capacities, while being applicable to a more general class of systems.
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ABSTRACT:

HDPE/CeO, composites (0-0.5 vol ume f raction) w ere pr epared b y m elt
mixing technique. The effect of filler content on the dielectric properties was
studiedat 1 M Hzand 7 G Hz. T he di electric cons tant and di electric 1 oss
increased with increase in CeO; content. For 0.5 vol ume fraction loading of
the cer amic t he com posite has e, of 6.85andt an d of 0.0085at 7G Hz.
Different theoretical approaches have been employed to predict the effective
permittivity of composite systems and the results were compared with that of
experimental data. The models were fitted for low filler content.

INTRODUCTION:

The miniaturization and high speed operation have become the predominant
technology f or el ectronic co mponents w ith t he devel opment of e lectronic i nformation
technology. C eramic-polymer co mposites form a pot ential material gr oup s uitable f or
producing de manding and f unctional packa ges t hat co mbine t he el ectrical pr operties o
ceramic and t he mechanical flexibility, che mical s tability and 1 ow t emperature p rocessing
possibilities of polymers. Fluoropolymeric materials are the most desirable pol ymer matrix
for flexible substrate fabrication due to their superior high frequency electrical properties and
excellent temperature and solvent resistance. Polyethylene is a non-polar polymer with a
melting temperature of approximately 160°C. Due to its excellent characteristics such as very
low dielectric constant (g = 2.3), low dielectric loss (tan & = 10™ at 1 MHz) better chemical
resistance and insulating properties, HDPE is well known for applications as an engineering
material. Ceria possess good dielectric and thermal properties. It has a dielectric constant of
23, dielectric loss less than 0.0001 at 7 G Hz and thermal conductivity of 12 W/m/K. In the
present work, an attempt has been made to explore the possibility of using CeO,-filled HDPE
as a substrate material for high frequency applications.

EXPERIMENTAL:

Ce0; (99.9%, IRE) and HDPE (Kerala Plastics) were used as the starting materials to
prepare the composites. CeO, powder is heated at 1000°C to remove any volatile impurities.
The starting materials, polyethylene and CeO, were mixed thoroughly in a kneading machine.
The kneading machine consists of variable speed mixer having two counter rotating sigma
blades with a gear ratio of 1:1.2 and heating facility up to 350°C. The counter rotating sigma
blades ensure fine mixing by applying high shear force on the dough-like mixture. Different
volume fractions (Vi =0 to 0.5) of CeO, ceramics were added to the melted polyethylene
blended at 170°C for 30 minutes. Thus obtained composite were thermo laminated und
pressure of 200 M Pa and 17 0°C for 15 m in. A fter thermolamination, the com posites w ith
desired shapes were polished and their densities were measured using Archimedes method.
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The s urface morphology of t he co mposites was s tudied b y s canning el ectron
microscope (JEOL-JSM 5600 LV, Japan). The low frequency dielectric properties (silver
electroded samples having dimension 14x1 mm?) were measured by LCR meter (Hioki 3532-
50, Japan). The microwave dielectric properties of the sample were measured by the cavity
perturbation technique us ing H P 8510 C N etwork A nalyzer ( Agilent T echnologies,
California).

RESULTS AND DISCUSSION:

The dens ity of a two-component mixture s hould depend on the densities of the
constituent components and also on their proportion by weight. Fig. 1. depicts the measured
and theoretical densities of HDPE/CeO, composites as a function of volume fraction. The
density is measured using Archimedes method and compared with the mixing rule

r-eff :Vf rf +erm (1)
where F ., I, I arethe densities of composite, filler and matrix respectively.

The exper imental va lues for all vo lume fractions ag ree w ell w ith t he theoretical val ues.
Fig.2. shows the surface morphology and filler distribution of the HDPE/CeO, composites. It
can be seen that CeO, particles are uniformly distributed throughout the HDPE matrix. For
higher volume fraction of the composites, there is aggregation of CeO, particles. With the
increase of filler content, the packing of particles grew denser (Fig. 2(b)).

4.0- —=— Theoretical
—&— Cylindrical Pellet

S o= w
N 1 N 1

-
W
1

-
>
1

T T T T T T
0.0 0.1 0.2 03 04 05

Volume fraction of CeO,
Fig. 1. Variation of density with V¢ Fig. 2. SEM micrographs of (a) 0.1 V; (b) 0.5 V
in HDPE/CeO, composites of HDPE/CeO, composites

Fig. 3(a) and 3 (b) show the v ariation of dielectric cons tant and dielectric loss at 1
MHz and 7 G Hz respectively. T he dielectric constant and dielectric loss increases with the
addition of CeO; content. The increase in dielectric constant is expected as the ceramics have
higher di electric cons tant co mpared t o t hat of H DPE m atrix. T he di electric cons tant
increases non linearly as the volume fraction increases from 0.1 to 0.5 for I MHz and 7 GHz.
Similar variations were reported earlier which confirms that the constituent filler particles are
not in parallel combination in the composite.® This may be due to the presence of voids in
the co mposite, w hich is evident from Fig.2. T he dipole-dipole interaction i ncreases a nd
contributes to higher dielectric constants as CeO; fillers come closer at higher filler loading
(Fig. 2(b)). When the CeO, particle is minor and forms a dispersed phase in a CeO,/HDPE
composite, the dielectric constants of composites were determined mainly by the continuous

matrix instead of the minor filler. The dielectric constant o f C eO,/HDPE com posites { SEARCH

GHz (2.8 — 6.9) is less than that at 1 MHz (3.2 — 7.3) (20.2). The dielectric loss of the CeO,/
PTFE com posites (0.1 - 0.6 VF) at 7 G Hz (0.0036-0.0085) is higher than thatat 1 M Hz
(00022 - 0.0076). (x1x10™*). There are some defects such as air gap and the interface phaca
ce-iio-.. 2 -)y and HDPE in the co mposite materials, w hich can i nfluence t he di elec...c
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constant and dielectric loss of composites.® In addition, the increase of CeO, content causes
the increase of interphase between CeO, and PTFE and hence the influence of interface
polarization on the dielectric loss becomes more significant.

87 —_— 7GHz - 0.009 109 —=— Experimental
Eur —®— Leitchnecker
4 —8—tand L 0.008 o 91 —a— Maxwell-Garnett
7 :: 8- —4— Effective Medium Theory
i L 0.007 =
6 £
. L 0.006 E o]
="
54 I0.005 © 54
= 0.004 E 44
= 0. <
O . ]
z 0.003
s 2
= 1 +0.002 T T T T T T
é © 0.0 0.1 0.2 0.3 04 0.5
5 2] (b) [ 0.001 Volume fraction of CeO,
=} -
%) . . .
,% 8 ——s, - 0.008 Fig. 4. Experimental and predicted ¢, of
£ —8—tns . 0,007 (a) HDPE/CeO, composites
=7
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= 70] 9904000000000 00000000000
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£ 45] 02V,
< 0000000000000 00000000000
5 (@ [0 € 40
T T T T T T 3.54 0.1V
0.0 0.1 0.2 0.3 0.4 0.5 T ————
Volume fraction of CeO, 301 . . . . . (b)
20 30 40 50 60 70
Temperature (°C)
Fig. 3. Variation of g;and tan & with Vyat 1 Fig. 5. Variation of &, with temperature for

MHz and 7 GHz of HDPE/CeQ, composites different V;of HDPE/CeO, composite

In the present study, following equations were used to calculate the effective
dielectric constant of low filler content composites:

. 6
L. LeichteneckerEquation: In &y =V, Ing, + (1 -f ) Ing f 2)
. geﬁ - gm gf - gm
I1. Maxwell-Garnett Equation: —= Vf —_— 3)
&y t+26, &r+2e,
: . fle, —¢,
III. Effective Medium Theory:® ¢, =¢,|1+ ( / ) 4)

g, +n(l- f)(gf - gm)

where ¢, ,¢,, ¢, are the dielectric constants of composite, filler and matrix respectively

m

and f is the volume fraction of the filler. The predicted values of dielectric constant are

compared with that of experimental results at 7 GHz and are shown in Fig. 4. It is seen that
for lower volume fractions (up to 0.2 V)) theoretical models hold good and thereafter it
deviates from the experimental values. EMT model fits well with the experimental values.
Generally all theoretical predictions are valid for low filler contents. This is due to the
imperfect dispersion of ceramic particles at higher filler contents and also to the air enclosed
by the composites.
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The variation in dielectric constant of the HDPE and HDPE/CeO, composites with
temperature is shown in Fig. 5. It should be noted that the variation in dielectric constant of
HDPE/CeO, composites is v ery s mall. T he s low decr ease 1 n di electric cons tant w ith
temperature is due to the large di fference i n t hermal expan sion coef ficient of H DPE and
CeO, filler, which would disturb the aggregation of polar components causing a decrease in
dielectric constant.’

CONCLUSIONS

The H DPE/CeO; composites were pr epared b y m elt mixing t echnique. SEM
micrographs show that with the increase of filler content, the packing of particles grew denser
and indicated the excellent compatibility between HDPE and CeO; particles. T he dielectric
constant and dielectric loss increased with the increase in CeO, content at 1 MHz and 7 GHz.
Theoretical model approaches have been employed to predict the effective dielectric constant
of t he co mposite s ystems. T he var iation of di electric cons tant w ith t emperature 1 n
HDPE/CeO, composites is very small. For 0.5 volume fraction loading of the ceramic, the
composite has & of 6.9 and tan d of 0.0085 at 7 GHz. Hence the HDPE/CeO, composite (0.5
V) can be considered as a possible candidate for microwave substrate applications.
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NETWORK

P. Goswami(”, S. K. Ghosh'® , and D. Datta®
(1) Computer & Informatics Centre
(2) School of Information Technology
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ABSTRACT:

This paper provides a brief overview of point-to-point IP-over-WDM network
along w ith a wavelength-routed 1 mpairment-aware pat h-protected 1 ightpath
provisioning scheme for [P-over-WDM network. This scheme will be used to
study the impact of physical impairment parameter and other WDM network
settings over the I P ne twork per formance metric s uch as conges tion,
scalability, average hop, and average delay.

INTRODUCTION:

In today’s net working infrastructure, the ev er-increasing I nternet traffic has already
superceded t he existing voi ce traffic. The large volume of Internet traffic, with its
connections having much wider geographical reach and longer durations than voice traffic,
has enhanced t he need f or hi gh-speed wide-area backbone net work more than ever before.
While responding to this de mand, national n etworking back bones all over the world have
gone t hrough w ide depl oyment of opt ical n etworking s etup, m ostly us ing poi nt-to-point
wavelength-division multiplexing ( WDM) t echnology (as shown in Fig.1). The I P traffic
comes into the POP today typically through 10-Gbps SONET/SDH OC-192/STM-64 circuits,
which are composed of ITU-T specified wavelengths (Currently recommends 81 channels in
the C band s tarting from 1528.77 nm and incrementing in multiples of 50 GHz to 1560.61
nm.) mul tiplexed through WDM on to a physical fiber. This fiberis fedintoa W DM
demultiplexer, which splits out the individual wavelengths. These individual wavelengths are
then fed into t ransponders, w hich conver t t hem from op tical t o el ectrical and thento a
standard short-reach w avelength ( 1310 n m). T his op tical-to-electrical-to-optical ( OEO)
conversion is used because historically short-reach optics is used for connectivity inside the
POP environment. The short-reach light is then typically fed into a short-reach interface of a
SONET/SDH cr oss-connect, which r ecoverst he SO NET/SDH cl ocking, per forms any
grooming necessary, checks for errors, and monitors for loss of signal (LOS) so that it can
perform SONET/SDH-level restoration if needed. The SONET/SDH cross-connect also
connects IP core router with 10 Gbps interface which per forms pe rformance monitoring at
Layer-1 through L ayer-3, monitors for L OS so it can per form M PLS Fast R eroute (FRR)
restoration, and performs a L ayer-3 and abov e lookup to route the packet to its destination.
On the aggregation side the core router is typically aggregating multiple lower-speed links

and grooming the IP traffic core transport network through 10Gbps interface. SEARCH
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There ar e two t ypes of
path followed by IP traffic while
entering and exi tingat ypical
service pr  ovider poi nt of
presence ( POP) as shown in
Fig.1. The first scenario is IP
traffic riding over specific time-
slot of a wavelength and needs a
Layer-3 lookup at the POP
(whichw ill terminate on a
router)t ermedas “r outer-
terminated-traffic”. T he s econd
iscal led “p ass-through” ( or
transient) t raffic, w hich s tays in
thet ransportdom aina nd
bypasses router to travel on to an

adjacent POP in the service provider’s core network. In case of pass-through traffic today, no
grooming is ac tually needed becaus e the full 10 G bps is being connected bet ween routers
bypassing the POP routers shown in Fig.1. As a r esult from a connect ivity perspective the
SONET/ SDH cross-connect is serving essentially as a patch panel. The Pass-Through Traffic
volume in the POP has tended to increase and can sometimes is as high as 70 to 80 percent of
the overall traffic that the POP handles. Presently, router performs the grooming function by
aggregating IP traffic and presenting it to the core transport layer within well-used 10-Gbps
links. The router and its associated interfaces can measure errors at layers 1 through 3, collect
performance statistics, generate appropriate alarms etc. A gain using MPLS FRR, the router
can provide 50-ms protection or better and do so much more efficiently than the traditional
SONET/SDH protection schemes which waste up to 50 percent of the bandwidth for
protection purposes. For these reasons, service providers have already started using manual
patching in place of the cross-connect (as shown in Fig.2) to save costs.

' . Sonet /SDH
IP traffic Aggregation 5 E— B \I
B . A TM Switch
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R .
Transponders Transponders M Wavelength
h ™ P Router . \\ > Routing Mode
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Short reach 10 Gbps Interface

Figure 2 Manual patching in place of the cross-connect
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Figure 3 Wavelength-routed optical WDM network
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The rest of the paper is organized as follows. In Sec. II, we describe the fundamentals
wavelength r outing, w hile S ec. I Il w e have pr oposed t he I mpairment aw are d ynamic
lightpath provisioning/protection mechanism for IP over WDM network. Finally, Sec. IV
concludes the paper.

II. WAVELENGTH ROUTED NETWORK:

The above mentioned co mmercially depl oyed I P-over-WDM t echnology 1 s not
suitable for d ynamic I P traffic demand [ 1]. T he burden of routers in el ectronic domainis
significantly r educed by utilizing s ome e merging opt ical t echnologies, w hich enabl es t he
intermediate nodes in a network to carry out some of the routing functionalities in optical
domain itself. Such networks, generally known as wavelength-routed networks, which
employ wavelength routing with the use of wavelength add-drop multiplexers (W ADM) for
ring-based fiber connectivity, typically used in metropolitan net works (MAN), and opt ical
cross-connects (OXC) for mesh-based fiber connectivity, generally preferred for wide-area
backbone networks [ 1], wherein the transit traffic at intermediate nodes can be b ypassed in
optical do main i tself. T hus, t he pr oblem of hop -by-hop packet forwarding (in e lectrical
domain) by IP routers at intermediate nodes can be al leviated in this process, thanks to the
ongoing devel opments in optical multiplexing, dem ultiplexing and s witching t echnologies.
However, the electronic networking devices, such as, IP routers, ATM (asynchronous transfer
mode) s witches, SD H ( synchronous di gital hi erarchy) or SO NET ( synchronous opt ical
network) terminals would remain connected to the WADMs/OXCs to provide the desired
networking services. A typical mesh-connected physical topology of wavelength-routed
networks consisting of O XCs[1,2]is shown in Fig. 3. T he end-to-end optical connectivity
between var ious node pai rs1n w avelength-routed ne tworks needs to be es tablished b y
choosing as etof lightpaths, w ith I ightpaths i mplying a s pecific w avelength of light
propagating over a given route between a node pair. The topology formed by these lightpaths,
referred to as logical topology in the literature, might turn out to be s ignificantly di fferent
from its underlying physical topology (fiber connectivity).

III. IMPAIRMENT AWARE DYNAMIC LIGHTPATH
PROVISIONING/PROTECTION MECHANISM FOR IP OVER WDM NETWORK:

We assume a h ybrid node, w hich consists of electrical I P router and opt ical cross-
connect (OXC) (see Fig. 4). The constituent optical components in this network include a pair
of EDFA’s and optical power taps, on either side of the OXC at each port, for monitoring
purposes apar t from t he ¢ rossconnect s witch (OXC). T he E DFA on t he 1 nput s ide ( with
small-signal gain, compensates exactly for the signal attenuation along the input fiber and the
tap losses. The EDFA on the output side (with small-signal gain, compensates exactly for the
losses at the crossconnect switch (OXC). Each hybrid node also contains a transmitter array
(Tx) and a r eceiver array (Rx), enabling local add/drop of any of the wavelengths at any of
the nodes. Every port of electrical IP router is connected to the OXC port via internal fiber.
All traffic between nodes is carried over theWDM link. Some of the incoming wavelength
will terminate at the electrical IP router after it goes through O XC, other will pass-through
the node. A lightpath is established between nodes by setting up the crossconnects along
route between nodes. The lightpath is terminated at the transceiver of electrical IP router
of end nodes.
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In this work, the hybrid
nodes are connected through
single mode fibers, which
employ in- line optical amplifiers
for long-distance connectivity.
The number of wavelengths per
) link and the number of

M,Azy R\ }‘.-IM transceiver port per node is a
Tep ’ T limited resource in determining
For E oxc the Lightpath topology (LT). Let
= N denote the number of nodes,
— Np the number of transceiver
opTICAL ports per node and W denote the
Transponder number of wavelengths in WDM
== i links. The LT should be designed
e in such a way that a set of traffic
demand is efficiently carried.
The adequate LT is determined
for a given traffic demand matrix under the constraint of the number of wavelengths, the
number of transceiver ports and physical impairment parameter. In the proposed method, the
network uses impairment aware path-protected lightpath provisioning scheme (See Fig. 5),
which dynamically reconfigure the lightpath topology (LT) based on the dynamic traffic
demand [1] and estimated signal quality [2] of the lightpath. Each node (Source node s)
generate flow request f; (k) to different destination node (Destination node d) at different
instant (at time #) where k, node pair ID =5 « N + d. On arrival of new flow request scheme
shown in Fig 5.will be followed. In case of distributed approach each node will periodically
measures the traffic carried over the lightpath originating from the node and physical-layer
information. For this aim, two main challenges needs to be addressed within the considered
distributed scenario: an on-line monitoring system and GMPLS link-state routing protocol
extension to include the traffic demand as well as physical-layer information. If the traffic
flow over a lightpath or lightpath link quality reaches the threshold limit each node need to
initiates a LT reconfiguration procedure. Each node calculates a better LT to reduce the
congestion and increase the future scalability of the network.

IV. CONCLUSION:

Dynamically provisioned wavelength-routed backbone networks can potentially
transport several Gbps of data on each lightpath over the fiber-optic physical topology.
However, the high capacity of each lightpath in a fiber link has the associated problem that a
link failure can potentially lead to the loss of a large amount of data and revenue. All such
failures must be dealt with promptly and efficiently. A key requirement for such networks is
to develop of a common control plane for both optical and electronic networks with the
features of signaling, routing, and link management protocols to enable intelligent fault
management. This paper provides a brief overview of a comprehensive impairment aware
path-protected lightpath provisioning scheme for IP-over-WDM network. The impa
physical impairment parameter and other network settings over the network performance
metric such as congestion, scalability, average hop, and average delay can be studied.

DEMUX Optical
ALA2A3 Switch MUX

—(j— [ 7z~ 7-|A1,,\2,A3
M A2,A3 :

__;-ln,)\z,)a

i

)

IP traffic Aggregation

Figure 4: Hybrid IP Over WDM node architecture

177

Centre for Research in Electromagnetics and Antennas CREMA



mAPSYM 2008

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.
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Figure 5: Impairment aware dynamic Lightpath provisioning/protection scheme for IP over WDM
Network
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ABSTRACT:

Polymer ceramic composites offer excellent material systems to fulfill the increasing
demands in microwave communication applications. Ceramic filled Poly
tetrafluroethylene (PTFE) is widely used for the fabrication of printed circuit board in
the microwave region because of its low dielectric constant, low loss, high service
temperature etc. In the present work PTFE/Ceramic composites have been prepared
through SMECH process, a proprietary processing technique developed by C-MET. A
wide spectrum of dimensionally stable composite substrates having dielectric constant

(&, ) ranging from 2.94 to 13.1 with loss tangent (tan 6) from 0.0018 to 0.0055 was

realized. The dielectric properties of the composites were evaluated at X-band
frequency region by waveguide cavity perturbation technique using Vector Network
Analyzer.

INTRODUCTION

Microwave devices such as low noise oscillators, filters, patch antennas etc. use
planar substrates as the basic building block. Most common substrates are 99.6% pure
alumina, fiber reinforced or ceramic filled thermoset and thermoplastic materials. Filled
thermoplastic materials with superior electrical properties seize the major share of the high
frequency circuit materials. Among thermoplastics, poly (tetrafluroethylene) (PTFE) based
materials are the front runner for very high frequency applications. PTFE exhibits excellent
dielectric properties which are stable over a wide range of frequency together with high
service temperature. Open literature regarding the fabrication of such materials are very
limited since most of the work in this area is protected by patent [1,2].

oo 00
oo o oo e Copper foil

C A R R G
PTFE/Ceramic/glassfiber

FigurelSchematic of ceramic filled PTFE substrate with Cu cladding

Although PTFE has excellent microwave dielectric properties, as such it can not be
used for circuit fabrication due poor dimensional stability as a result of its high coefficient of
thermal expansion (CTE ~109 ppm/°C). Often this problem is tackled by incorporating eitl
glass fiber or ceramic particulates in to it [2]. Ceramic filled PTFE substrates have
advantageous over glass fiber filled PTFE composites due to its nearly isotropic dielectric
properties. A schematic representation of ceramic filled PTFE composite is shown in figurel.

179

Centre for Research in Electromagnetics and Antennas CREMA



Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

advantageous over glass fiber filled PTFE composites due to its nearly isotropic dielectric
properties. A schematic representation of ceramic filled PTFE composite is shown in figurel.
In order to obtain nearly isotropic dielectric properties in the composite systems, the ceramic
particulates have to be uniformly distributed throughout the polymer matrix. It is difficult to
make uniformly filled PTFE composites due to its high melt viscosity (10''Ps) through
conventional polymer processing techniques like melt extrusion, injection molding etc. [2].
Hence i mproved pr ocessing techniques needs to be evol ved to fabricate isotropic flexible
laminates in the PTFE composite system.

The avai lability of com mercial cer amic f illed PT FE | aminates ar e | imited to
€;=2.94+0.04, e;=3.0+0.04 &;=6.15+0.15 and €; =10.2+0.25 which are known under the trade
name R T/Duroid 6 002, 3 003, 6 006 and 6010 respectively. H owever this s everely r estricts the
design flexibility of microwave circuits. Moreover, further circuit miniaturization necessitates
substrates having dielectric c onstant >10.2. In order to accom plish the above obj ectives, a
range of ceramic filled PT FE composite substrates having dielectric cons tant between 2.94
and 13.1 have been fabricated through SMECH process [3]. The surface of the dimensionally
stable co mposite 1 aminates o btained through SM ECH pr ocess w as che mically et ched t o
obtain better adhesion with copper conducting layer. The conducting copper layer was then
laminated over the bare substrate through vacuum lamination.

EXPERIMENTAL

The ceramic filler materials were prepared through conventional solid state ceramic
route us ing co rresponding ox ides and car bonates w ith p urity > 99%. C alcined cer amic
powders w ere treated with Phenyl Trimethoxy silane (M/s. Sigma A ldrich, USA) coupling
agent to preclude moisture absorption characteristics. The laminates were prepared through
sigma mixing (SM), Extrusion (E), Calendering( C) followed by Hot pressing (H) (SMECH)
process using 50 mm size PTFE (H71 Grade, HFC India), silane coated ceramic powder and
short E -glass fiber ( M/s. B inani G lass, I ndia). T he appr opriate pr oportions of s tarting
materials were mixed using a Sigma Mixer comprising of two counter rotating sigma blades.
The well mixed dough is then subjected to extrusion to make preforms. The preforms were
calendered to less than 100 mm thickness by passing through the rollers of a cal endering
machine with rpm ratio of 1:1.2. During calendering process, the rollers imparts shear force
to t he pr eforms t hereby r educes t he t hickness and en sures uni form di stribution of filler
materials throughout the polymer matrix. 9 to 10 numbers of such calendered green sheets
were stacked one over the other and then hot pressed using a hydraulic laminating press. The
optimized processing p ressure and t emperature w ere 210 k g/cm® and 350 °C respectively.
Flexible laminates of dimension of 4x 4” (LxB) size with 625 mm thickness were obtained
after hot pressing.

The relative pe rmittivity and 1 oss tangent of the co mposites were m easured in the
microwave frequency r egion ( X-band) by w aveguide cavi ty per turbation technique u sing
Agilent make PNA E 8362B Vector N etwork A nalyzer [4]. T os tudy t he filler matrix
interaction, the co mposites w ere br oken in liquid nitrogen and SE M ( Philips X L-30, T he
Netherlands) pictures were taken at the fractured surfaces.
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RESULTS AND DISCUSSIONS

A wide spectrum of dimensionally stable ceramic filled PTFE composites have been
fabricated through SMECH process. The dielectric constant and loss tangent of the laminates
are measured at X-band (8.2 -12.4 GHz) frequency region by waveguide cavity perturbation
technique usinga Vector Network Analyzer and the results are plotted in figure 2. Our
studies reveal that the fused silica filled PTFE substrates have the lowest dielectric constant
whereas highest dielectric constant of 13.1 is obtained for SrTiO; filled PTFE composites. It
is also noted that the loss tangent of the composite s ystem largely depends on the filling
fraction and loss tangent of the ceramic particulates. We obtained loss tangent in the range
0.0018 t0 0.00 5 for the composites under study. All the dielectric p roperties reported ar e
obtained f or o ptimum filler loaded co mposite s ystems. A t opt imum f iller I oading, t he
substrates exhibit maximum dielectric constant, better homogeneity, low CTE and acceptable
thermal conduct ivity. The op timum f illing f raction i n PT FE com posites depends ont he
particle s ize, s ize di stribution, m orphology e tc. of the filler. In t he present w ork, s pecial
emphasis has been given to control the particle size of the particulate fillers in the range 2-10
mm with wide particle size distribution.

Composite e’

filler e’

Flgure 2. Dielectric constant of partlculate fillers and correspondlng PTFE comp05|tes

c e .\ 3
Acc.V Magn Det wn I—| 10 um
25.0 kv 3000x SE 94 53-C
i AL

.

Figure 3. SEM picture of ceramic filler and ceramic filled PTFE composites.

m™

norphology of the filler and that of filled composites were studied v °
scaunng croctron microscopic studies. The composites were freeze fractured using liquia
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nitrogen before taking cross sectional SEM pictures. The SEM picture of typical alumina
filler and PT FE/alumina co mposites a re s hown i n figure 3 . T he uni form di stribution o f
ceramic par ticulates ar e cl early obs ervable from the figure. T he cr oss s ection micrograph
does not show any sign of delamination al though multilayers of composite green tapes are
stacked one ov er the other to obtain a f inal thickness of 625 mm. T his cl early s hows the
efficacy oft he processing methodology employed for the fabrication of planar PTFE
substrates. A photograph of ceramic filled PTFE substrate with copper conducting pattern on
both surfaces is shown in figure 4.

Figure 4. Copper cladded 4x4size PTFE/ceramic substrates
CONCLUSIONS

Dimensionally stable substrates with dielectric constant ranges from 2.94 to 13.1 were
realized in the PT FE/ceramic co mposite system through S MECH pr ocess. T he di electric
properties were evaluated using waveguide cavity perturbation technique. The uniform filler
distribution of the ceramic particulates in the PT FE matrix are achieved through SM ECH
process. 35 mm oxygen free copper foils are cladded on t he bare substrate through vacuum
lamination.
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ABSTRACT:

An entirely new technique has been designed to couple the advantages of both
the microstrip pat ch ant enna and r ectangular w aveguide. Pat ch ant enna
consists of two patches, one radiator patch which faces outside, and the other
faces mouth of the rectangular waveguide. This tool is called effective fringing
area method. F irst w e cons idered her e w aveguide coupl ed microstrip pat ch
antenna as t he par allel load com prising of four el ements .Along w ith t his
observed return loss graph and radiation pattern graph with observation table
is provided.

INTRODUCTION:

In this paper, a new design of waveguide coupled microstrip patch antennais
proposed, w hich 1s us eful in designing co llision avoi dance s ystem becaus e her e r adiation
pattern can be steered so that it falls in the next lane thus enabling s tracking of the objects.
The radiating patch in the proposed design is a simple circular patch. The proposed patch
antenna has two patterns on either side. One is radiating patch which is circular which faces
outside and t he other w hich faces mouth of the w aveguide plays an i mportant role in the
designing of the patch antenna.

CONSTRUCTION:

Patch di mensionsi s 40. 785mm x 40.73 mm and cad p oints ar e
(10,10),(50.785,10),(10,50.73) and (50.78,50.73).Mounting hole co-ordinates is 30.90 mm x
32,70 mm and cad poi ntsar e( 14.94,46.715), ( 44.845,46.71), ( 14.94,14.013)
and(45.84,14.013).Waveguide di mension i s 22.82 mm x 10.016mm an d cad poi nts are
(18.84,25.36), (41.66,25.36), (18.84,35.36) and (41.66,35.36). Iristype rectangular ring
dimension is 7.60 mm x 7.32 mm and cad points are (26.69, 27.76), (33.01, 27.16),
(26.69,32.96) and ( 33.01,32.96).The ci rcular d isk an tenna mounting co -ordinates on
radiating side of the patch is (26.68,36.76).The radius of the circular disk patch antenna is
4.575mm.The feed point co-ordinates is (26.69,32.96). The distance from feed point to center
of circular disk is 1.4mm.P.T.Hole diameter is 0.8 mm. Preparation method is photo etching
method. Microstrip antenna was constructed for 10 GHz. For this frequency duroid material
was preferred, since this material is not freely available in India, double sided glass epoxy
with dielectric constant of 4.2 was used. Dimensions were taken from microwave hand-book.
Waveguide coupled microstrip patch antenna was prepared using PTH (plated through hole
method and bot h sides of the copper were tin coated. Thickness of the dielectric is 1.6

and copper thickness is 35 micron. Minimum line thickness possible is 0.25 mm.
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The study is performed for various geometry by varying feed point ,orientation of the
patch and location of the patch as shown in the below figure

& P10 A [

Upper Middle Right Middle Right Lower Lower Middle

EXPERIMENTAL SETUP:

10 G Hz m icrowave bench (  GUNN di ode os cillator)i sus ed f or thes tudy o f
waveguide-coupled microstrip patch antenna. The antenna is mounted on t he mouth of the
waveguide. Radiation pattern measurements were carried out with help of the horn antenna
mounted on ar m of the spectrometer. The readings were taken from the horizontal field for
every 5 degrees using detector diode .The results were plotted on the polar graph. For return
loss measurement, direction couplers of 3db each were used in reflectometer method. For the
entire measurement 0-20 micro ammeter used so that square law is obeyed. Totally 12
discrete frequencies were used

) :r: 1” g [ ..,
:ES;%le_ mauth 3 r%—l
ety o olle o
OBSERVATION:
Return loss graph of patch no 19 Radiation pattern graph
Radiation pattern of patch no. 19
Return loss graph of patch .
0 no.19 5 s
o E 2.4
% 20 10 11 12 ;Eoﬁi
§ -40 E ° 6 50 100 150 200
E Angles in degrees
5-60
& Frequency in GHz
patch | length | Rota | position Feed Return | Band | Polariza | Main
no. tion point Loss db | width | tion peak

19 7.6 0’ Left top corner | 3.8mm | -55.04 [2.72 | elliptical | 90°
ANALYZING USING PARALLEL LOAD MODELING:

Patch is modeled as parallel loads in the waveguide. The admittance of the iris type
rectangular patch, admittance of aperture and admittance of radiation patch are calcul,
using the formula .The rectangular ring pattern on the waveguide side is loaded as a resougé@
ring and the normalized susceptance Bf is given by the equation [3]and Y of aperture in[1].

Figure of equivalent circuit of waveguide coupled microstrip patch antenna
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inductive load of plated rectangular patych CIRCULAR DISC PATCH

through hole
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ANALYZING USING EFFECTIVE FRINGING AREA MODELING:

In t his modeling adm ittance of ci rcular p atch i s not ca lculated, instead near est
rectangle formed by the circular disc on the ground plane is considered for calculation. As
full circular patch was not overlapping on gr ound plane fringing takes place only on those
area of circular disk which is backed by ground plane. So fringing takes place by small area,
and this fringing is responsible for radiation. Fringing takes place between the lower area of
the circular patch and the ground plane. The calculation performed as in [2]

Nearest rectangle formed from effective fringing area

/Ground plane

Circular radiating patch on
_ / radiating side
\f\\"b\—_———_/ﬁeed point

Rectangular ring patch
facing the waveguide

Figure to indicate rectangle formed by considering the effective fringing area
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WALL ADMITTANCE.

Yoy =Yw =Gy * JBy, G,y =0.00836W / [, Bu :0.01668%'¥ee Ze, . & —IEle'hg" 0

" e, + 038 + 02642
== 0.4125#;
ole -0250f+08%
¢ eh gy

These formulas were used to calculate the return 1oss graph for all the 12 discrete

frequencies and graph is plotted .In patch no 19 it matches exactly and for other patches error
is less.

calculated return loss graph

Comparision return loss of patch no.19 for
Observed and Calulated values

— — LO0E+01 1
- 2= [ m= " "= g0-00E+00 T — J
= =]
= S 21.00E+01 95 0 10.5 11 115
= W ‘#2.00E+01
= —— 2
93.00E+01
ik £4.00E+01
S 85.00E+01
A -6.00E+01
Fram sy i BHr Frequency in GHz

Successfully tested t he new kind of antenna called waveguide coupled microstrip
patch antenna Effective fringing area method yields very good results .In patch no 19 bot h
results were 10.102GHz whereas for other three it is in 10% variation .So this method can be
used for analyzing of waveguide coupled microstrip patch antenna. More better modeling is
possible w ith the hel p of method of moments. H ere ci rcular di sc an tenna, al ong w ith
rectangular iris type patch, at the mouth of the waveguide is looked as metallic conducting
body with impedance attachment, embedded in dielectric. The TE;y wave from waveguide
incident on it is scattered by the conducting body.
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ABSTRACT

Int his pape r the des ign of a dual band s ingle f eed microstrip an tenna
supporting Wireless communication applications (DCS/PCS/IEEE 802.11b/g)
is pr esented. Genetic A Igorithm is us ed to opt imize t he multi-objective
problem of ob taining t he r equired ant enna geometry and the s ize of t he
antenna for the frequencies 1.8 GHz and 2.4 GHz. The designed antenna is
analyzed using the IE3D™ software and the return loss characteristics and the
radiation patterns are reported.

INTRODUCTION

Modern communication systems such as, Global Positioning System (GPS), Satellite
Digital Audio Radio Service (SDARS), W ireless Local A rea N etworks ( WLAN) and
Wireless Personal Area Networks (WPAN) usually require antennas with compactness and
low cost. They often require dual band operation to support multiple applications. In recent
years, the miniaturization of antennas has become more important especially due to the huge
demand of s mall ant ennas for cel lular mobile co mmunication s ystem appl ications w here
compact antennas are required to be integrated into very small handsets. Light-weight and
low-cost are other important specifications. Many configurations have been proposed till
date. Most of them suggest modifications of common well known geometries leading to the
reduction of the ant enna physical size. H owever al | t he pr oposed s tructures ar e bas ed on
intuitive solutions and their behavior can be des cribed int erms of known radiation
mechanisms. The technique based on Genetic Algorithm (GA), is increasingly applied to
electromagnetic des ign. G A opt imizationi sw ells uitedt ow orking w ith exi sting
electromagnetic ( EM) simulation technologies, of ten y ielding r esults that achi eve t he
performance targets w ith a uni que s tructure t hat i s non -intuitive t o t he a ntenna des igner.
Various multiband designs are proposed till date [1 — 6]. However these techniques usually
lead to an increase in antenna size or manufacturing cost. GA is used in this work to optimize
the multi-objective problem of obtaining the antenna geometry as well as optimize its size to
obtain the desired characteristics. The attractiveness of the GA design over the other methods
is its ability to achieve the desired performance by a unique patch shape with a single feed as
against dual fed and other slotted antennas.

GENETIC ALGORITHM (GA)

GA’s are search and opt imization al gorithms [ 7] based on t he mechanics of natural
selection and nat ural genetics. A simple flowchart showing the process of GA is shown in

Fig. 1
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CODING OF THE MICROSTRIP PATCH

A square patch is divided in to n x n cells. All cells have equal dimensions. Each cell
is assigned a binary random number ‘1’ or ‘0’ as shown in Fig. 2. A population (initial) with
N numbers of such patches is generated in the form of random binary strings. GA is then
applied. Each one in the population is analyzed and its resonant frequency is obtained using
Integral Equation method.

( Start )

A\ 4

Generate an initial 1

population of N binary :'|>

coded patches :> 0
* 1

Evaluate the resonant

frequency of each < Bln?ry - |1|1|O||0|1|1||1|0|1|
patch using IE Method string
Select the fit ones and
v apply cross- over, . . .
Check whether any one] [mutation and elitism Figure.2 A typical coding of a 3x3 patch

of the patch has 1.8 f

GHz and 2.4 GHz as

resonant frequency \O FITNESS FUNCTION
qves The f itness ofeachant ennai nt he
CStOD population is evaluated using a fitness function.
P The fitness function for the antennas whose

Figure.1 A simple flowchart for
microstrip antenna design using GA
frequencies do not fall in the range 1.7 to 1.8 and 2.3 to 2.5 GHz is defined by

fitness = L 94109 (1)
eerror g

and rest of the antennas are assigned a fitness given by

fitness = fE— 2+ dbfit2*100 (2)
ge error g g

abs(ftargetl - fevolved1)+ abs(ftargetz— fevolvedz)o

ft argetl ft arget2
> 3)

o

error =

MDOO O O vOB

frarget] =1.8 GHz and
ftarget = 2.4 GHz for this p articular work and dbfit isa small bonus value added t o the

fitness based on the return loss i.e., performance of the antenna. fgoeq; @nd foyoneqs are
the evolved frequencies corresponding to each antenna in the population. SEARCH

SELECTION PROCESS, CROSSOVER, MUTATION AND ELITISM

Based on the fitness assigned in the previous section the fittest of the population is
2 Roulette wheel selection. Single point cross over is used after mutation ... .
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elitism are introduced and the new population is obtained. The chromosomes are once again
checked f or f itness and t he ent ire pr ocess cont inues un til t he f it pa tch w ith co mpact
dimension satisfying the frequency requirements arrives.

RESULTS AND DISCUSSIONS

GA was implemented in MATLAB® 7.0. A population size of 20 antennas was
considered. Crossover rate is 0.7 and t he mutation rate is chosen as 0.1. The Ground plane
size of the antenna was 30 x 30 mm and the patch size was 20 x 20 mm. The patch was
divided in to 10 x 10 cells of dimension 2 x 2 mm. The microstrip antenna synthesized using
GA isshownin Fig. 3. T his antenna was obtained in the 5™ generation. The return loss

curves are shown in Fig. 4.

20 dB
V 24 6Hz

1 2 3 4
Frequency [GH]

wew gg
Retum Less (dB)

30 mom Figure.4 Return loss curves

Figure.3 Genetically Designed
antenna with f1=1.8GH7 and 2.4

The radiation patterns of the dual band antenna are shown in Fig. 5.

Figure.5 Radiation patterns of the genetic MSA for 1.8 GHz and 2.4 GHz
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CONCLUSION

A dual band g enetic microstrip antenna was s uccessfully d esigned for 1.8 and 2.4

GHz. Considerable compactness was achieved compared to the dual feed regular rectangular
microstrip antenna of dimensions: ground plane = 50 x 50 mm and patch size 28 x 39 mm.
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ABSTRACT:

Int his pape r, as mall dual -frequency r ectangular microstrip ant enna is
presented. T he proposed design consists of a rectangular microstrip antenna
with a pair of asymmetric IT slots close to the non-radiating edges of the patch
and vertically oriented rectangular slots. E xperimental study was carried out
by varying the number of rectangular slots. Using three identical rectangular
slots in addi tion t o as ymmetric II slots, a dual frequency operation with
significant r eduction of bot ht her esonant f requenciesi s obt ainedi n
comparison to conventional rectangular microstrip antenna without slots. The
proposed configuration was first simulated using IE3D simulation software
package and then verified experimentally. The simulated and experimental
results are found to be in good agreement.

INTRODUCTION:

In s ome app lications such a s mobile s atellite per sonal ¢ ommunication systems,
cellular network systems, global position system (GPS), vehicular communication, an
antenna needs to be ope rated at two frequencies w hich may be t oo far apart for a single
antenna element to operate efficiently at both these frequencies. Also, the antenna has to be
compact in s ize. For this pur pose various types of dual -frequency ant ennas in microstrip
configurations have been devised. In the literature survey, various microstrip antennas have
been proposed to reduce the size of the antenna or to be used for dual frequency operation.
But the combinations of these two objects are rare in literature. In the year 1997, Wong and
Yang proposed a s mall dual frequency microstrip antenna w ith cross-slot [ 1]. In the same
year, Wong and C hen proposed a com pact, dual frequency microstrip antenna. T he design
consists of rectangular microstrip patch loaded with shorting pin [2]. In the year 1998, Wong
and Y ang, dem onstrated C ompact dual frequency oper ation by cut ting microstrip ant enna
with a pai r of bent slots [ 3]. Other dual frequency oper ations achi eved using a cr oss-slot
loading & two shorting pins are reported by Zhong and C ui [4]. A gain in the year 2001, a
dual frequency operation was demonstrated by varying spacing between two arms of
symmetric II shaped slots [5]. Recently, Ravi et. al., proposed a compact dual frequency
microstrip antenna by varying the length of the arms of the asymmetric II slots and achieved
compact dual-frequency operation with compactness of 25% and 18% in the antenna size [6].

In this paper, we present small dual-frequency asymmetric P slots loaded rectangular
microstrip patch antenna. Using the proposed design, dual frequency operation a
significant lowering of both the resonant frequencies is obtained by varying the number of
rectangular slots in the radiating patch.
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ANTENNA DESIGN

First a r eference antenna (RA) which is a rectangular microstrip antenna (L, W) =
(30, 20) mm fed by a 50 Q co-axial feed was designed for 2.37 GHz (¢, = 4.3 andh =1.6
mm). Later, a pair of asymmetric II slots are etched in the rectangular patch close to its non-
radiating edges with a spacing S; = S, = 1 mm. The length of the asymmetric IT slots, 1,; =8
mm and their width wy; = 1 mm. The asymmetric 1T slots loaded rectangular patch is in turn
embedded using 3 identical rectangular slots in the antenna’s radiating patch. These vertically
embedded rectangular slots are narrow and have a fixed length of 15 mm. The feed point is
located at the centerline of the rectangular microstrip patch, with a distance of df from (X, Y)
= (0, 0) as shown in Fig.1.

Patch

Fig.1: G eometry of Compact dual -frequency r ectangular m icrostrip pat ch ant enna us ing

asymmetric IT shaped slots and rectangular slots (CDFRMSA-ATIR)

EXPERIMENTAL RESULTS AND DISCUSSION:

Initially the proposed prototype antennas were simulated using IE3D Zeland software
for different number of narrow rectangular slots of fixed length [7]. For the simulation of all
the microstrip antennas, an infinite ground plane has been assumed. However, for the
experiments, s ize of the g round pl ane i stakento be more than s ix timesthe s ubstrate
thickness in all directions with respect to the patch dimensions to reduce the effect of the
finite gr ound p lane. T hen t he pr oposed pr ototype ant ennas w ere fabricated and measured
experimentally using Rohde and Schwarz, Germany Make Vector Network Analyzer of ZVK
model (10 MHz to 40 GHz).

The par ametric s tudy i s car ried out by var ying t he num ber of ver tically or iented
rectangular s lots in the asymmetric II slots loaded rectangular patch of CDFRMSA-ATIR.
Several proposed antennas with different number of vertically oriented rectangular slots i.e.,
the cases of antennas with single rectangular slot, two rectangular, and three rectangular slots
have been implemented and studied. The corresponding simulated and experimental results
are shown in the Table 1. It is seen from the table that when a rectangular slot is inserted at
the center of asymmetric II slots loaded radiating patch, dual frequency operation is obtained.
f; gives a compactness of 34.82% while f, gives a compactness of 19.27%, when compared to
conventional RMSA and the obtained frequency ratio is 2.09.
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Table 1: Simulated and experimental results of COFRMSA-ATR

. Resonant Return . Frequency Reduction
ls\/llrél;slii‘ee(ii/ I!l\'llll’T; frequency, Loss (];;;gwm:/h ) Ratio, in size,
f, (GHz) (dB) ° f,/f; %
REFERENCE ANTENNA
Simulated 2.36 —16.40 95 4.03 -—- -—-
0
Measured 2.37 —24.80 60 2.53 --- -—-

CDFRMSA using a pair of asymmetric II shaped slots & single rectangular slot

. f,=1.73 ~1459 | 68 3.93 34.92

Simulated f,=3.65 ~-12.48 | 90 2.46 2.10 20.20
8

f,=18 -30.97 | 25 1.38 34.82

Measured f,=3.775 2231 | 75 1.99 2.09 19.27

CDFRMSA using a pair of asymmetric Il shaped slots & two rectangular slots

. f,=1.69 ~16.13 | 89 52 36.44

Simulated f,=3.58 2186 | 1467 40 2.1 21.78
8

f,=1.75 2252 | 4375 25 36.56

Measured f,=3.57 ~11.19 | 58.75 1.64 2.04 23.26

CDFRMSA using a pair of asymmetric Il shaped slots & three rectangular slots

. f,=1.63 ~17.13 | 92 5.64 38.74

Simulated f,=3235 1251 |72 215 2.05 26.85
8

f,=1.6825 | —27.85 | 30 1.78 38.92

Measured f, =3.4075 -16.17 | 60 1.76 2.03 26.88

Again for etching t wo vertically oriented rectangular s lots at the extreme radiating
edges of the patch, both the frequencies reduce still further giving a frequency ratio of 2.04.
Further, when three vertical slots are inserted as shown in the figure 1, both the frequencies
reduce still further. The variation of return loss with the frequency for the proposed antenna
CDFRMSA-AIIR is shown in the Fig.2 and it is seen from the figure that f; resonates at a
frequency, which is 0.61 t imes that o f the conventional antenna giving a size reduction of
38.92% and f, resonates at a frequency, which is 0.72 times the conventional antenna giving a
compactness of 26.88% in the antenna size. Again, it is seen from the table that f, h
bandwidth of 1.78% and f, has a bandwidth of 1.76%.

The r adiation p attern of th e p roposed an tenna r emains in th e b roadside d irection at fi =1.68 GHz.
wdiation pattern at f, = 3.40 GHz splits into two equal halves, which can find applicatic
synthetic aperture radar (SAR).
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Fig. 2: Variation of return loss Vs frequency for CDFMSA-AIIR

A pair of asymmetric I1 shaped slots in the radiating patch of the microstrip antenna
can introduce dual-frequency behavi or. A tunable frequency ratio between the two
frequencies in the r ange of 2.03 to 2.09 can be obtained by increasing the number of
rectangular slots. Moreover, with proposed design, a com pactness of 38.92% and 26.88% is
obtained by 1 ntroducing t hree r ectangular slots, w hen co mpared t o standard r ectangular
microstrip antenna without slots (reference antenna).

CONCLUSIONS:

A compact dual frequency asymmetric P slots loaded microstrip patch antenna using
vertically oriented rectangular slots was designed, fabricated and studied in detail. With the
proposed design, a size reduction of 38.92% and 26.88% for the two resonant frequencies is
obtained, when compared to standard rectangular microstrip antenna without slots (Reference
antenna). A tunable ratio of in the range of 2.03 — 2.09 can be obt ained by increasing the
number of rectangular slots.
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ABSTRACT

Broad wall longitudinal slot coupled hemispherical DRA being analyzed using
method of moments(MoM) . The s lot e lectric field i s des cribed us ing ent ire
domain s inusoidal bas is function and t he co ntinuity of t angential magnetic
field at the slot aperture is enforced to determine the actual electric field.
Thickness of the s loti s an alyzed us ing cavi ty G reen’s Funct ions. T he
computed data are compared with commercial FEM code.

INTRODUCTION:

It has been shown that dielectric resonator antennas can be used as effective radiators
at microwave frequencies w here oh mic 1osses become a s erious problem for conventional
metallic antennas [ 1]. DRAs offer several advantages such as small size, low cost, light
weight, eas e of exci tation and eas e of integration w ith act ive circuitry. They of fer w ider
bandwidth than the microstrip antennas used at the same frequency [2]. Many different
feeding mechanisms can be used with DRA, such as the co-axial probe , direct microstrip line
feed , aperture coupled by microstripline or coplanar waveguide and conformal strip feed [3].
However, feed line losses of these excitation methods are considerable at millimeter-wave
frequencies. Today, the waveguide still plays an important role in microwave and millimeter-
wave appl ications; s ince the w aveguide has m etallic w alls, i t has an exc ellent shielding
between the exterior and interior regions, thus avoiding radiation loss even in the millimeter—
wave band. R ecently, anew and 1 ow | oss e xcitation scheme t hat e mploys a r ectangular
waveguide broad wall slot fed is reported [4], in which analysis is given for the broad wall
slot coupl ed cy lindrical dielectric resonator only. M oreover, the DR is analyzed using the
body of revolution, which is applicable only for rotational symmetrical structures.

Waveguide s lot ant ennas ar e w idely us ed as convent ional ar ray ant ennas [5-7];
however, the b and width o f waveguide s lot i s nar row. Su ch nar row ban dwidth I imits t he
frequency scanning range for the array. In order to increase the frequency scanning range, the
bandwidth should be increased. To increase the bandwidth, the slot is loaded with a dielectric
resonator that has very hi gh radiation efficiency. Such a com bination cr eates t wo coup led
resonators that can be designed properly to increase the over all bandwidth and consequently
improve the frequency s canning. M oreover antenna miniaturization is the hot topic today.
The slot loaded D RA will reduce the ef fective 1ength of the slot a s well as the spacing
between the slots, which will bring down the total length of array.

The analysis presented in this paper, the electric field at the slot is assumed to be sum
of several sinusoidal functions (basis functions) defined over the entire slot region, weighted
by cer tain com plex coef ficients. O n the basis of this distribution, the transverse magnetic

lot aper ture due to the field radiated into the DRA and thatduet o the"
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scattered inside the waveguide and cavi ty are determined. At the boundary of the slot, the
magnetic fields must match. On imposing this boundary condition, an eq uation is obtained
with the coefficients of basis functions as unknowns which are solved by using MoM.

THEORY:

The geometry of the waveguide broad wall longitudinal slot coupled HDRA is shown
in Fig 1. The longitudinal cross sectional view of Fig.1 is given in Fig. 2. We assume that the
thickness o f waveguide is 2t on w hich HDRA sitting. T he considered slot is narrow in X
direction to eliminate any possible cross-polarization, only variation along z is considered for
magnetic field, i.e., the electric field E, injthe aperture varies only in the z-direction and is

non-varying in the x direction.

Fig. 1: Broad wall longitudinal slot coupled hemispherical DRA

DRA

2t

Fig. 2: Cross sectional view of Fig. 1 along the slot

At the region of the slot, the tangential component of the magnetic fields both inside
the w aveguide and out side ( withint he D R) s hould be i dentical. I nvoking t he s urface
equivalence principle, the slot can be closed by a perfect electric conductor which divides the
problem into two equivalent problems: the slotted waveguide part and the DRA placed on the
infinite ground plane. By applying magnetic boundary conditions at the apertures of
waveguide and slot, and slot and DRA, the magnetic field H(M) can be expressed as:

HY®(M))+H* (M) -HX(M])=H)° (1) SEARCH

HE“ (M) = H3“ (M) - HP™ (W) = 0 @)
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HS (M)~ H (M)~ HP™ (M) =0 (2)

Where H; (M ; ) (=1,2 and a=WG,SL,DRA) is the magnetic fields due the magnetic
currents at the aperture 7, any of the two faces of the thick slot, 1 and 2.
RESULTS AND DISCUSSION:

The longitudinal shunt slot milled on the broad wall of X-band rectangular waveguide
coupled to hemispherical DRA has been studied. To implement the theory presented in this
paper, a general MATLAB code was written capable of analyzing hemispherical DRA

excited by a thick slot, kept at the offset x, in x direction at the broad wall. The DRA is kept

centrally to the slot to couple maximum power from the slot. Convergence checks for the
moment method solution were performed. It was found that convergence is very stable, and
results using number of basis function, N=1 were very close to those using larger N. In this
chapter, however, N = 5 is used in all the calculations.

A hemispherical DRA of radius a, = 7.5 mm, & =10 and the standard WR90

waveguide with dimensions 22.86 mm x 10.16 mm was used in the computations and the
simulations. Fig. 3 and 4 shows the computed and simulated values of reflection and
transmission coefficients in dB for a slot dimension of 9.2 mm X 0.8 mm with a thickness of
1.27 mm. The slot is kept at a distance of 8 mm from the center of the waveguide in order to
cut the maximum current. Both sides of the broad wall, where slot is milled, additional
ground plates are attached to have sufficient space for sitting DRA. The numerically
computed results are further compared with the commercial FEM software ( Ansoft HFSS)
and CST Microwave Studio [8-9]. The computed resonant frequency is found to be 8.95GHZ.

The S,, for a single slot is found to be too low and it can increase further by increasing the
number of slots in the broad wall, like in an array operation
0

104 Theory

S11in dB

Frequency in Ghz

Fig. 3: Comparing computed return loss with HFSS and CST simulations. The parameters of
antenna considered are: DRA radius = 7.5 mm; &, = 10; Slot length = 9.2 mm; slot width =

0.8 mm; position of slot from center of waveguide = 8 mm; slot thickness = 1.27 mm. WR90
. . . . _ SEARCH
waveguide, dimensions 22.86 mm X 10.16 mm, width extended ground plane =30 mm.
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Theory
———-HFSS
------- CST-Freq

S21in dB

Frequency in GHz

Fig. 4: Comparing computed S,, with HFSS and CST simulations The parameters of antenna
considered are: DRA radius = 7.5 mm; ¢, = 10; Slot length = 9.2 mm; slot width = 0.8 mm;

position of slot from center of waveguide = 8 mm; slot thickness = 1.27 mm. WR90
waveguide, dimensions 22.86 mm ™~ 10.16 mm, width extended ground plane =30 mm.
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ABSTRACT:

A novel microstrip antenna with reconfigurable resonant frequency capability
is pr oposed. The ant enna cons ists of t wo r adiating r ectangular pat ches,
connected by thin metallic strip incorporating a PIN diode in between. By
controlling the PIN diode bias voltage, the antenna can be switched between
two different frequencies. B oth simulation and experimental results indicate
that w ithout any additional matching elements, the proposed ant enna
demonstrates very good input match at both the resonant frequencies.

I. INTRODUCTION

RECONFIGURABLE microstrip ant ennas have r eceived cons iderable at tention i n t he
recent y ears [ 1-6] for t heir p roperties of adapting w ith change in the env ironmental and
system requirements. To achieve reconfigurability in an antenna RF switching devices, such
as PIN diodes, photoconductive switches, micro-electromechanical system (MEMS) switches
and FETs are required. Among the available RF switches, PIN diode switch is very popular
in microwave circuit applications due to its fast switching speeds, reasonably high current
handling capabilities, reliability and eas e of modeling. Using PIN diodes for switching, it is
natural to investigate frequencies at which a single antenna can resonate under different bias
voltages. In principle, there may be ver y large number o f states (resonant frequencies), but
the circuit complexity puts a limit for any antenna with more than around 7-8 states. To keep
the circuit complexity to bare minimum, with two diodes one may achieve a maximum of 4
states using 2 bias lines. With a single bias line, one can achieve 3 states (positive, negative
and 0 bias levels) without introducing any additional circuit elements. This is the motivation
behind developing a reconfigurable dual-band antenna.

Full-wave simulations were carried out using the 3D Electromagnetic simulator CST
Microwave Studio (Version 8) with good matching for both frequency bands. In the
simulations, diode was modeled as metal strips in ON state and was ignored in the OFF state.
Although this introduces significant errors, the principle of operation is easily verified. In this
paper, we have omitted simulated radiation patterns results due to space constraints.

II. ANTENNA DESIGN FOR DUAL-BAND FREQUENCY OPERATION

The geometry of a reference patch antenna and the proposed dual-band frequency
reconfigurable antenna are shown in Figs. 1 and 2, respectively. T he proposed antenna is
printed on 0.508 mm (h) thick GML substrate having relative dielectric constant £=3.2. The
ground plane dimensions are 38.1 x 38.1 mm®. The dimensions of dual-band antenna are \
1.2 mm, W,=0.15 mm, Lpl = 7.93 mm, Wp=10.3 mm, Lp2=2 mm and G=8 mm. The input-
impedance matching transformer has di mensions of |} =4.8 mm and w;=0.18 mm. For the
design of frequency reconfigurable antenna, we start with conventional microstrip patch

n as reference antenna in Fig. 1 and calculate the length and width of the
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and A/4 matching transformer using standard rectangular microstrip antenna design equations
for 10 G Hz resonance. T o get second resonance, we connect an addi tional patch of same
width as reference antenna but different length using thin metallic strip of length G as shown
in Fig. 2. By connecting and disconnecting the metallic strip to the reference patch, we can
achieve r esonance at t he frequency of r eference ant enna or bel ow t hat of t he r eference
antenna.

Patch 1 Patch Patch 2

Feed line Feed line

b st
4 le—>! Conducting

:l |‘T‘g s +l|‘—’| oy pad |

i
. * T‘ T* ORIES
Wi )\/4 W1W2*‘A/4 Matchlng PIN dlodﬁ‘ bC §ND|
Matchinb Lp1 .1I— line ias ling
(+) Lp1 Lp2
\% d(\:{block capacitor
Iz, :
X Substrate v X Substrate v
) X1 " < X1 >
Fig.1. Reference patch antenna Fig. 2. Proposed reconfigurable antenna

To convert reference antenna into an actual reconfigurable antenna, the metallic strip
is connected to reference patch through a diode. In this arrangement, we get resonance at 9.9
GHz and 9.48 GHz by applying reverse bias and forward bias to diode switch. The reason
behind this phenomenon is that if we connect an additional element to the reference patch, the
antenna will resonate at a frequency that is dependent on the combination of two resonators.
The resulting resonant frequency will be di fferent from the resonant frequency of individual
antenna elements.

III. RESULTS AND DISCUSSION

The prototype of the proposed two-state reconfigurable antenna was fabricated using
conventional p hotolithography technique. Fig.3 shows the simulated antenna geo metry and
the photograph of the fabricated antenna structure mounted in a brass test jig. The antenna
structure was tested on an aut omatic vector network analyzer (VNA). Figures 4 and 5 s how
the simulated as well as measured return 1 oss char acteristics of the antenna for dual -band
operation under two bias states. It is observed that the antenna exhibits -10dB return loss over
two frequency bands at 9.9 GHz, 9.48 GHz. The slight difference in the resonance frequency
between measured and simulated results is due to fabrication tolerances and ideal ON-OFF
switching method used in the simulations.
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(a) (b)

Fig.3 (a) Simulated Geometry in EM Simulator (b) Photograph of the dual-band frequency

reconfigurable antenna mounted in the test jig.

Figure 6 shows the measured radiation patterns at 9.9 GHz and 9.48 G Hz for the two
switching states. The measurements of the radiation patterns of the antenna were carried out
in the anechoic chamber. Here, the y-z plane has been described as E-plane and the x-z plane

as H-plane. Polarization was parallel to the feed line in all cases.

S-Parameter Magnitude in dB
0 Tret dBMag 10dB/ Ref0dB  Cal

1 0f 1 (Max

R — he——] T T T
M1 9.902000 GHz -19.474 dB

—1

n b
\W

]

9 95 10 105 11

Ch1 Start 9 GHz Pwr 0dBm

Frequency / GHz

(a) (b)

Stop 11GHz

Fig.4. (a) Simulated return loss under ideal OFF state (b) Measured return loss under reveres

bias state.
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53,1 nd

]

Fig.5. (a) Simulated return loss under ideal ON state (b) Measured return loss under forward

bias state.

95 10

Frequency | GE

(a)

Fig.6. Measured E- and H-plane radiation patterns at (a) 9.9 GHz under reverse bias state (b)
9.48 GHz under forward bias state.
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IV. CONLUSION

A novel dual -band f requency r econfigurable microstrip ant enna with s witchable
frequency ban d capabilities at X-band has been proposed. Frequency reconfiguarbility is
achieved by controlling the bias voltage of the PIN diode. The fabricated antenna shows good
agreement be tween the simulated and measured return loss characteristics. T he return 1 oss
versus frequency characteristics indicates that the proposed antenna can be switched over two
frequency bands at 9.9 GHz, and 9.48 GHz with frequency tunability up to 414 MHz. Due to
its compactness and easy fabrication, the proposed antenna can be useful for commercial X-
band wireless communication applications.
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ABSTRACT:

A microstrip line fed dielectric resonator antenna with half split circular
cylindrical pr ofile i s expe rimentally i nvestigated. [t s hows t hat at opt imum
parameters, this low profile, small size antenna gives a wideband response
similar to that of its full cylindrical counter part with moderate gain but at
different f requency. T he r eturn I oss and r adiation pa ttern of t he pr oposed
antenna are measured and studied. The simulated and measured results verify
that the proposed antenna offers an impedance bandwidth of 36.7% (from
3.24GHz to 4.70 GHz) and shows a conical radiation patterns.

INTRODUCTION:

The di electric resonators ( DRs) w ere or iginally pr oposed as ant ennas in t he ear ly
1980s [ 1] and various configurations, geo metrical s hapes and feed m echanisms have bee n
investigated in the following years. I't provides an ef ficient radiating structure in t he upper
microwave and lower millimeter wave frequency bands, where its minimal ohmic loss gives
it an inherent advantage over more conventional antennas. It has been shown that a dielectric
resonator antenna (DRA) canbeexci tedb yei thera coaxial pr obe or am icrostrip
transmission line [ 1, 2]. But the bandw idth of a co mmon DRA is typically bel ow 10% .
Investigations of t he D RA initially concent rated on I ow per mittivity m aterials ( dielectric
constant & - 5..30) to enhance the radiation capability and antenna bandwidth. Simple and easy
excitation arrangements had been reported for various antenna configurations to provide wide
bandwidth, flexible polarization adjustment and high radiation efficiency which make DRAs
by f ar s uperior t o convent ional microstrip pat ch ant ennas [ 3]. In or der t o enhance t he
bandwidth, various techniques have been de veloped for D RAs, such as coplanar par asitic
DRAs [4], stacked DRASs [5], [6] or various shaped DRAs [7].

It is shown here that by selecting optimum parameters like height and breadth of
vertical feed-strip and its offset distance from the open end of the microstrip feed line, a
wideband response with a moderate gain could be achieved for a half split dielectric resonator
antenna which is co mparable t o the r esult obtained in its full cy lindrical count erpart a s
reported in [8].

ANTENNA CONFIGURATION:

The pr oposed ant enna conf igurationus ed f ort he s tudyi ss howninFi g.1. A
cylindrical circular sector dielectric resonator antenna of radius 2a = 24mm, and thickness d
=7.3mm having a dielectric constant of &,4= 20.8 is used and is fed by a 3mm wide microstrip

transmission line which is fabricated on a microwave substrate of g,,= 4 with a size of 11 SEARCH
JSEARCH]

X 115mm X 1.6mm. DRA is mounted with its curved surface on the substrate symmetr

with the feed line which is directed along Y -axis. Surface area of the antenna from which

radiation is emerged is increased due to this configuration. A vertical metallic strip is adhered
half circular flat surface of the DRA and is connected with the microstrip li
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a length L from its open end. The width w and height h of the vertical strip line and the offset
length L are the key factors that are varied for obtaining the optimum condition for a good
result.

Hzlf Split Cylindricel DR Vertical Strip
W

AN z
,f”’f tﬁg L=
P P P ) / /

SM2 Connector

Substrate with
bottom ground plane

50 chm Microstrip &
transmission line |
1
1

Hzlf Split Cylindrical DRA
Fig.1 Geometry of the proposed antenna.

RESULTS AND DISCUSSION:

The ant enna characteristics are m easured using an HP 8510C vector network
analyzer. Ansoft HFSS is used for computer simulation. |S1 l| is measured for different values

of L for a particular width w and height h of vertical strip. It is found that for an offset length
L =13mm, the maximum band width is obtained. Keeping this value unchanged, h is varied
for a cons tant value of w and agai nthe maximum B W is f ound out . Finally, for t hese
optimum values of L and h, the best possible value of w is achieved. Thus it is established
that for a combination of L = 13mm, h = 4mm and w = 6mm, a maximum impedance
bandwidth of 36.7% is obtained from 3.24 to 4.70 GHz. T he broadband response is due to
multiple radiating modes having similar radiating properties like TM;;5 mode that are merged
together when excited by this arrangement.

Measured and simulated plot of |S,|, of the DRA are compared in Fig. 2 and

shows t hat they ar e i n good agr eement. T he f ar f ield r adiation pa ttern oft his ant enna
configuration is shown in Fig. 3. 1 tis apparent that the pattern is conical in shape. Since
antenna is placed symmetrical to the feed, XZ plane pattern is seen symmetrical.
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Fig. 2 Return Loss (S11) at the optimum feed position.

Different orientations of the antenna with respect to the microstrip line feed is
also tried out for studies and verified that the proposed one gives the best result. The antenna
gain of this co nfiguration is also studied. I tis found that an aver age gainof 5.7dB iis
obtained. The result, however, is omitted here for brevity.
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Azimuthal (XY plane)

Fig. 3 Measured far field radiation
pattern of the Half Split Cylindrical
DRA at 4 GHz.
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CONCLUSION:

A compact wideband D RA has been exper imentally investigated. The results show
that the proposed antenna offers more than 36% impedance bandwidth from 3.24 to 4.70
GHz, which covers several important application bands in WiMAX standard. By optimizing
design, it can be used for vehicular and indoor mobile communications. The antenna radiates
stable con ical r adiations w ithin t he matching i mpedance bandw idth. Fur thermore, t his
antenna configuration is very easy to construct and is suitable for integration with MIC’s.
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ABSTRACT :

An Asymmetric Coplanar Strip (ACS) fed uniplanar antenna suitable for
broadband applications is presented. The proposed antenna offers a 2:1 VSWR
bandwidth greater than 80% from 2.72GHz to 6.57GHz covering the WiMAX,
IEEE 802.11a, HIPERLAN2,HiSWANa ban ds. The ant enna has an over all
dimension of 22m m X 18m m w hen pr inted on as ubstrate of di electric
constant 4.4 a nd hei ght 1.6m m. T he w ide band widthi s obt ained by
combining three individual resonances excited by various current paths. The
antenna exhibits good radiation characteristics and moderate gain in the entire
operating band.

INTRODUCTION:

The dem and for w ideband ant ennas has exper ienced a boom ing gr owthint he
wireless industry. Several interesting designs of wide band antennas have been dem onstrated
recently. A r esonant aper ture w ith s tacked pat ches of different di electric con stantsi s
employed for bandwidth enhancement in microstrip antenna[l1].The wideband E shape
microstrip patch antenna [2] incorporates two parallel slots in the patch to obtain a wide band.
This antenna is excited by a probe feed and is mounted on large ground plane. The microstrip
fed pl anar Q uasi-Yagi an tenna pr esented [ 3] has a band w idth of 48 %. These m ethods
typically enl arge t he vol ume and com plexity of t he ant enna s tructure. Unlike t he abo ve
mentioned microstrip configurations, uniplanar antennas are popular due to easy fabrication
and easy integration with MMIC’s. The coplanar wave guide fed T shaped antenna in [4] has
an overall dimension of 37.5 x 80 mm” having 61.5% band width. The ACS fed monopole
antenna in [5] has only a bandwidth of 16 %.

In this paper we present the optimized de sign of a simple and co mpact A CS fed
antenna for wideband applications. A very large bandwidth of 82% is obtained within an
overall area of 22 x 18 mm” on a substrate of dielectric constant 4.4 and thickness 1.6 mm.

ANTENNA GEOMETRY:

Figure.l shows the geometry of the proposed ACS fed antenna. The antenna is
designed on a substrate of dielectric constant 4.4 and height 1.6 mm. In the present design the
strip dimensions are taken as L;= 18mm and the width W;= 5mm.The ground plane
dimensions are L, =22 m m, W, = 6 mm consists a gap gof 1 m m. The antennais fed
between the points S| and S,.These dimensions are chosen after exhaustive simulation and
experimental studies for obtaining wide band width. The resulting antenna exhibits poor
impedance matching. To improve the matching a small triangular cut of dimensions Ax X SEARCH
(shown in dotted lines) is inserted in the ground plane. In a compact A symmetric Copl
Strip feed the lateral strip width (in this case W), the ground plane length (in this case L)
and the gap g determine the characteristic impedance [6].
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Fig.1. Antenna geometry of the proposed antenna (L;=18mm,L,=22mm,W;=5mm,W,=6mm,g=1mm,L,=12mm,
Ax=3mm, Ay=3mm)

Return loss,dB

Experiment

........... Simulation

-40

T T T T
2 3 4 5 6 7
Frequency,GHz

Fig. 2 Experimental and simulated Return loss characteristics of the proposed antenna

EXPERIMENTAL RESULTS:

The Experimental and Ansoft HFSS simulated return loss curves of the antenna are
shown in Figure.2. The proposed antenna exhibits a bandwidth of 82 % from 2.72GHz to
6.57 GHz with good impedance matching. This wide bandwidth is due to the merging of
three individual resonances centered at 3.12 GHz, 4.4 GHz and 5.9 GHz. The broad band
behavior of the antenna is confirmed by scaling the antenna for different frequencies.

DESIGN EQUATION:
To design a wide band antenna operating at a center frequency f, the dimensions L, and L, are taken as
Lh+L, = 0.59 A,
Lh = 0.36 A
L,=0.23 A

Where A, is the free space wave length corresponding to the center frequency f, and
L,=Lgt+As and L, =L+ Ay .

In the proposed antenna the ground plane width W, is optimized as 0.27 times
length L, for maximum bandwidth. Similarly the width W, is optimized as 0.28 timeSARCH
when the gap g is Imm. From the series of simulation and experimental studies it is found

that the first resonance is due to the total length L,+L,;, the second resonance is mainly due to
" " 'rd resonance is mainly due to L,

214
Centre for Research in Electromagnetics and Antennas CREMA



APSYM 2008
CTEmAPS Y1 2000

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

The gain of the antenna is measured and depicted in figure 4. The average gain of the
proposed antenna in the entire band is 3.52dBi.

90
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Ecross 3 180
Hco .

| Hcross

40 -35 -30 -25 -20 -15 -10] -5, 0

S

L

T L A
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(c)

Fig. 3 Measured radiation pattern of the proposed antenna (a) at 3.12GHz (b) at 4.4GHz (c) at 5.92GHz
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Gain dBi
N =

3 4 5 6
Frequency GHz
Fig. 4 Measured gain of the proposed antenna

CONCLUSION:

A simple, compact Asymmetric Coplanar Strip fed antenna operating from 2.72 GHz

to 6.57 GHz with 82 % bandwidth is presented. This wide band antenna is obtained from
exhaustive optimization studies on a simple ACS fed strip monopole. The antenna exhibits
good radiation characteristics with moderate gain in the entire operating band.
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ABSTRACT:

A novel design of a co mpact single-feed cross patch antenna with an X-slot
for polarization diversity is presented. The antenna generates two orthogonally
polarized r adiations w ith cen ter frequencies at 1.2GHz and 1.515G Hz. For
fixed dual frequency operation, the antenna has an area reduction of 78% and
64% for the respective frequencies compared to standard rectangular patches.
The antenna exhibits broadside radiation pattern and has moderate gain for the
two bands . U sing t wo PI N di odes at the centre of X slot, itis possible to
produce linear (horizontal or vertical) and circular polarization. The
polarization state can be s witched electrically by setting two diodes toonor
off.

INTRODUCTION:

Microstrip ant ennas ar e us ually des igned f or s ingle- mode i n 1 inear pol arization
(LP). However, in some app lications, such as satellite communications, circularly polarized
(CP) system is more suitable than a LP system because of its indifference to transmitter and
receiver or ientations. A pol arization di versity ant enna, w hich i s an exam ple of a multi-
function antenna, allows the user to roam any existing network and us e a s ingle handset to
access a g reater nu mber of s ervices. T herefore, t hese ant ennas can be utilized t o r ealize
frequency reuse. Additionally, polarization diversity of reception is important to counter the
effects of fading in communication, especially in mobile communication.

In this letter, we present a technique for obtaining a co mpact pol arization diversity
microstrip antenna. Initially, four square regions are cut off from the corners of a rectangular
patch resulting in a c ross shaped patch, giving a dual frequency dual polarized antenna. To
the above c ross shaped patch, an X shaped slot is inserted to obtain greater area reduction.
The X shape is chosen in order to induce symmetric current distributions for the two modes
of TMO1 and TM10. In this design, a s ingle proximity feed is us ed to obtain i mpedance
matching for the two frequencies with orthogonal polarization. T his antenna generates two
orthogonally polarized radiations with center frequencies at 1.2GHz and 1.515GHz providing
greater area reduction with good cross polarization levels and low frequency ratio. Two PIN
diodes ar e i nserted at t he ce ntre of t he X -slot t o ob tain the f inal po larization di versity
antenna. The polarization state can be switched electrically by setting two diodes to on or off.
The des ign ha s been s uccessfully 1 mplemented and t he ex perimental r esults ar e in goo d
agreement with the simulations.

ANTENNA DESIGN: SEARCH

The geom etry of t he pr oposed ant ennai ss howninFigure 1. T heantennais
fabricated on an Fr4 substrate of thickness ‘h’ (0.16cm) and dielectric constant ‘er’ (4.4). The
ign is obtained by removing four square regions of dimension ‘ls’ from
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corners of ar ectangular patch of size L x W. An X-slot of length ‘1x’ and width ‘wx’ is
inserted at the centre of the cross patch. Two PIN diodes are inserted at the centre of the X-
slot, to obtain the final antenna. T he ant enna is el ectromagnetically cou pled using a 50Q2

microstrip line. T he dimensions of the slot and feed 1 ocations are optimized us ing A nsoft
HFSS.

50Q microstrip
transmission line

. Ground plane

: i
' zg X, (a) Top view :

h= 0.16cm‘i

Lt Fr4 Epoxy substrate
e=4.4

(b) Side view
Figure 3 Geometry of the proposed antenna L=30mm, W=42mm, ls=5mm,
Ix=17.8mm, wx=2mm, h=1.6mm and &r=44.

RESULTS AND DISCUSSION:

The proposed antennas are tested using A gilent HP8510C network analyzer and t he
reflection coefficient (S11) of the cross patch antenna with X-slot is given in Figure 2. The
two resonant modes (TMo1 and T Mio) with orthogonal polarizations at 2GHz and 2.64G Hz
are obt ained w ithout X -slot. By pr operly s electing the s ize of the s lot t he t wo r esonant
frequencies are lowered to 1.2GHz and 1.515 GHz. The transmission coefficient (S21) of the

antenna is given in Figure 2. It can be seen that, high cross polar level is obtained for the two
resonances.

Reflection characteristics

Transmission characteristics

Reflection coefficient, dB

cross patch (Experiment)
{ ~ cross patch with x slot(Experiment)
- ++ cross patch (simulation )

Transmission Coefficients,dB

cross patch with x slot (simulation)

10 15 2.0 25 3.0 10 12 14 16 18

Frequency, GHz Frequency, GHz

Figure 4 Reflection and transmission characteristics of the cross patch antenna with X-slot

The antenna resonates at two frequencies with orthogonal polarization gives an z—l
reduction of 7 8%for the first frequency and 64% for the second frequency compare JSEARCH
standard rectangular patch. A frequency ratio of 1.26, w hich is slightly less than the aspect
ratio ( 1.4) of the rectangular patch, is obtained. The E plane and H plane patterns of the

he two resonant frequencies are given in Figure 3. G ood cross polar lev
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obtained f or b oth t he two frequencies. [ tis obs ervedt hat, as s lot length 1 ncreases, t he
operating frequencies are lowered.

Radiati e 1.2GH.
adiation pattern_ 2 Radiation pattern_ 1.515GHz

zzop

Figure 5 Radiation patterns of the cross patch antenna with X-slot at two resonant frequencies

In this study four di fferent s ets have been considered. T he PIN diode represents a
capacitance of 0.35pF in the reverse biased state and behaves almost as open impedance.
With applied forward bias, The PIN diode exhibited an ohmic resistance of 1.35Q and a
series inductance of 1.4nH.A dc bias circuit is required to control the on/off mode of diode.
Figure 4 shows the return loss of the proposed antenna for each state of the diodes.

Reflection characteristics

210 4

.15 4

Return loss, dB

-20 A
Antenna | (d1 & d2 off )

4 Antenna IV (d1 off d2 on )
-25 T e Antenna Il (d1 on d2 off )
) Antenna Il (d1 & d2 on)

-30

1.0 1.2 14 1.6 1.8 2.0 2.2 24
FRequency,GHz
Figure 6 Return losses for different states of diodes

The case of the proposed antenna with two diodes off (referred to as antenna I) is first
considered. When D1 and D2 are off, the antenna generates two linearly polarized radiations
which are orthogonal to each other at 1.2GHz and 1.515GHz respectively.

Reflection characteristics of antenna |

Return loss, dB
N
15

------ simulation
—— experiment

-20 4

-25

zgo

0.6 0.8 1.0 12 14 16 18 2.0

Frequency, GHz
Figure 7 Return loss and radiation patterns of antenna |
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When D1 is switched on while keeping D2 off (referred to as antenna II), the antenna
generates a circular polarized radiation from 1.5GHz to 1.572GHz. In this mode, the antenna
excites two orthogonally polarized modes with equal amplitude and 90° phase shift, results a
circularly polarized radiation. When D1 is off while D2 is kept on (referred to as antenna IV),
the antenna generates two linearly polarized radiations which are orthogonal to each other at
1.278GHz and 2.22 GHz respectively.

Reflection characteristics of antenna Il

Return loss, dB

—— experiment
------ Col 3 vs simulation

254

-30

FFry
xgeg

1.0 12 14 16 18 2.0 22 2.4

Frequency, GHz

2700

Figure 8 Return loss and radiation pattern of antennalll

14 4

12 4

10 1

Axial Ratio, dB

24

0 T T T
150 1.52 1.54 1.56

Frequency, GHz
Figure 9 Simulated Axial ratio for antenna Il

When D1 and D 2 are on ( referred t o as antenna I II), t he ant enna gener ates t wo

linearly polarized radiations which are orthogonal to each other at 1.572GHz and 2.07G Hz
respectively.

Reflection characteristics of antenna IIl

Radiation pattern_2.07GHz

Radiation pattern_1.57GHz

—— experiment
------ simulation

Return loss, dB

T T T
1.0 15 20 25 3.0

Frequency, GHz s
Figure 10 Return loss and radiation patterns of antenna lll
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CONCLUSION:

The high potentiality of a switchable microstrip antenna has been proposed for multi-
operation applications. Using PIN diodes, the proposed antenna can produce linear or circular
polarization. The ant enna ha s anar ea reduction of 78% and 64% f ort he r espective
frequencies co mpared t o s tandard r ectangular patches. T he ant enna exhi bits br oadside
radiation pat tern and has s ufficient gai n. T he pr oposed a ntenna i s s uitable f or s atellite
communications applications.

ACKNOWLEDGEMENT:

The aut hors acknowledge U niversity G rants C ommission (UGC), C ouncil o f
Scientific and Industrial R esearch ( CSIR), D epartment of S cience and T echnology (DST),
Government of India for financial assistance.

REFERENCES:

1. Youngje Sung, A corner fed microstrip circular antenna w ith s witchable polarization,
ETRI journal, Vol. 30, No. 5, October 2008

2. Kyunghochung,Y.Nam,T.YunandJ . Choi, A R econfigurable microstrip pat ch
antenna w ith switchable po larization, E TRI journal, Vol. 28, No. 3, pp. 7 18-722, pp.
379-382, June 2006

3. N.Jin, Fan Yangand Y Rahmat Samii, A Novel patch antenna w ith s witchable slot
(PASS) dual frequency operation with reversed circular polarizations, IEEE transactions
on Antennas and Propagation, Vol. 54, No. 3, pp. 1031-1034, March 2006

4. Y JSung, T UJangand Y S Kim, A Reconfigurable microstrip antenna for switchable
polarization, IEEE Microwave and w ireless communication letters, Vol. 14, No. 11, pp.
534-536, November 2004

5. Fan Yang and Y Rahmat Samii, A Reconfigurable patch antenna using switchable slots
for circular polarization diversity, I[EEE Microwave and wireless communication letters,
Vol. 12, No. 3, pp. 96-98, March 2002

221

Centre for Research in Electromagnetics and Antennas CREMA



Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

222

Centre for Research in Electromagnetics and Antennas CREMA



Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

RESEARCH SESSION VII
ANTENNAS I

223

Centre for Research in Electromagnetics and Antennas CREMA



Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

224

Centre for Research in Electromagnetics and Antennas CREMA



mAPSYM 2008

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

RESEARCH SESSION Vil
ANTENNAS II
Chair : Dr. K.J. Vinoy,lISc. Bangalore

No Title Page
7.1 Compact CPW fed antenna for multiband applications
Sujith Raman, Deepu V, K vasudevan , C.K Aanandan and P. Mohanan 227
CREMA, Dept of Electronics ,CUSAT, Cochin-22,drmohan@gmail.com
7.2 Simple printed antenna with reduced height for WLAN/WiMAX 231

lavfaglications

.Sreenivasan and K. George Thomas
Centre for Electromagnetics, C.I.T Campus, 2nd cross road, Taramani, Chennai-600
113,Sreeni_vm@yahoo.com

7.3 Broad band microstriB antenna for wireless applications 238

Sarin V.P, Nisha Nassar, Deepu V, , C.K Aanandan , P. Mohanan and K.
Vasudevan

Centre for Research in Electromagnetics and Antennas , Dept of Electronics
,CUSAT, Cochin-22.vasudevankdr@gmail.com

7.4 Effect of slot on ground plane for wide band operation 242
M. Veereshappa, *R.B Konda,*S.K Santoor,*S.N Mulgi and *P.V Hunagund
Dept. of Electronics, L.V..D College, Raichur-584 101, Karnataka, India
*Dept. of P.G studies & Research in Applied Electronics, Gulbarga University,
Gulbarga-585 106, Karnataka, India,s.mulgi@rediffmail.com

7.5 A novel Penta-frequency microstrip Antenna 246
Arindam Deb and *Bhaskar Gupta
KIIT University, Bhuvaneswar-751 024, India, arindamdeb2008 @rediffmail.com
*Jadavpur University, Kolkata-700 032,gupta_bh@yahoo.com

7.6 T- shaped monopole loaded with dielectric resonator antenna for 250

wide band communications
Saswati Ghosh and *Ajay Chakrabarthy

Kalpana Chawla Space technology Cell, IIT, Kharagpur, saswatikgp@gmail.com,
*Dept. of E& ECE ,IIT, Kharagpur, bassein@ece.iitkgp.ernet.in

7.7 Analyical and numerical evaluation of characteristic impedance 255

of non-planar fin-antenna.
Bavishna Balagopal and Raji S Nair

Dept.ofElectronics,Cochin University of Science And Technology, Cochin
bavishna.balagopal@gmail.com

7.8 Wideband aperture coupled rectangular microstrip array 259

antenna for radar applications
R.B. Konda, S.K.Satnoor, M.Veereshappa, S.N Mulgi and P.V. Hunahund

Department of P.G. studies and research in applied electronics, Gulberga
university, Gulberga. rajendrakonda@reddif mail.com

7.9 Dual frequency microstrip array antenna 263
S.L.Mallikarjun,R.B.Conda,R.G.Maduri and P.M.Haclalgi
Dept of P. G. Studies and research in applied electronics ,Gulberga University,
Gulberga. mslakshetty@rediffmail.com

7.10 Radar Cross Section of a novel RFID tag 268
Thomaskutty Mathew ', M. A. Ziai 2, and John Batchelor >
'School of Technology and Applied Sciences, M.G University, Regional Centre,

Edappally, Kochi, India. Dept of Electronics, University of Kent, Canterbury, UK
7.11 Analysis of multilayer patch antenna with two parasitic 2Tt SIEAIRE
elements

*J,A. Ansaril, Prabhakar Singhl, Nagendra P. Yadav' and B. R. Vishvakarma’
;Dept. of Electronics & Communication, University of Allahabad, Allahabad, India
Department of Electronics Engineering, |. T. BHU, Varanasi, 221005, India

E-mail: jaansari@rediffmail.com, E-mail : brvish@bhu.ac.in

225
Centre for Research in Electromagnetics and Antennas CREMA


mailto:s.mulgi@rediffmail.com�
mailto:gupta_bh@yahoo.com�
mailto:saswatikgp@gmail.com�
mailto:bassein@ece.iitkgp.ernet.in�
mailto:jaansari@rediffmail.com�
mailto:brvish@bhu.ac.in�

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

226

Centre for Research in Electromagnetics and Antennas CREMA



Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

COMPACT CPW FED ANTENNA FOR MULTIBAND APPLICATIONS
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ABSTRACT:

A compact, dual band coplanar waveguide fed modified T-shaped uniplanar antenna
is presented. The antenna has resonances at 1.77GHz and 5.54GHz with a wide band
from 1.47-1.97GHz and from 5.13-6.48GHz with an impedance bandwidth of 34%
and 26% respectively. Also the antenna has an average gain of 3dBi in lower band
and 3.5dBi in higher band

INTRODUCTION

In modern wireless communication system, compact multiband or wideband antennas
are in great demand. Various printed monopole antennas satisfying the requirements of low
profile and multiband with good impedance matching and omnidirectional radiation pattern
have been reported. The stacked T-shaped monopole presented in [1] uses microstrip line as
the feed and has a large ground plane. Various CPW fed uniplanar antennas for multiband
applications have been reported in [2-6].In this paper a compact modified T-Shaped CPW-
Fed monopole antenna is presented. The presented antenna has an overall dimension of 32 x
31 x 1.6 mm? including the ground plane on a substrate of dielectric constant 4.4. The
antenna resonates at 1.77GHz and 5.54GHz and has a wide band from 1.47-1.97 GHz and
from 5.13-6.48 GHz covering DCS 1800, DCS 1900/PCS, RFID(5.75-5.85GHz), ISM
WLAN 5.2(5.15-5.35GHz), HIPERLAN2(5.47-5.725GHz) and ISM WLAN 5.8(5.725-
5.825GHz) communication bands.

ANTENNA GEOMETRY

Figure 1(a) shows the schematic of the CPW fed optimized compact antenna.

Figure 1(a) Geometry of the proposed CPW-Fed antenna

L1=18mm, L2=11.5mm,L3=7mm,W=3mm,WI|=14mm,Wg=10mm,h=1.6mm,er=4.4
( 8 ) SEARCH

The antenna consists of a T-shaped monopole with two symmetrical vertical strips—o
both sides. The T monopole has a dimension 2Imm (L1+w) x 32mm (2*L2+3*W) while
each of the two symmetrical vertical strips has a length of 7 mm (L3). The dimensions of the

reguide feed are chosen from standard design equations for 50Q imped
matching. The lateral ground plane dimension of the antenna is optimized as 10 mm (Wg) x
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14 mm (WI]) for maximum compactness. The antenna is printed on a s ubstrate of dielectric
constant 4.4 and thickness 1.6mm.

ANTENNA GEOMETRY

Figure 1(b) (L1=18mm), L2=11.5mm, L3=7mm,W=3mm, WI=14mm,Wg=10mm,h=1.6mm,er=4.4)

Since a top-loaded monopole can excite resonances, the antenna shown in figure 1(b)
has two resonances but with poor matching. It is showing high capacitive reactance in the
desired resonating bands, so by adding an inductive stub (L2+L3) as in figure 1(a) we can
improve matching ef ficiently, r esulting in a M odified T -shaped s tructure. T he ant enna is
tested using HP 8510C Network Analyzer and the simulated and experimental return loss of
the final antenna is shown in figure 2(a). The lower band cent ered at 1.7 7GHz has a w ide
bandwidth from 1.47GHz-1.97GHz with a percentage bandwidth of about 34%.The measured
impedance ban dwidth of the upper band cent ered at 5.54 GHz with w ide bandw idth from
5.13GHz-6.48GHz .

5.13GHz \"' 6.45GHz

1 /

------ Simulation ¢
—— Experiment

Feturn LossidB)

__a 1775GHz

o 2 a e
Frequency(GHe)
Figure (2) Measured and simulated Return loss of the proposed dual frequency antenna

The current distribution for the centre frequencies of the designed antenna is shown in
figure 3. The current distribution on the horizontal arms is equal and opposite and cancels at
the far field. So the radiation is primarily due to the y-component and hen ce it is polarized
along y-direction in the two bands. It is also noted that the fundamental mode at 1.77GHz due
to the lengths L1+L2+L3 which is nearly equal to A/4. The second resonance at 5.55GHz is

due to the length L1 which is nearly equal to A/2. This aspect is reconfirmed by conduc
SEARCH

experiments with different lengths.
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Figure (3)
Simulated surface current distribution of antenna at (a) 1.77GHz and (b) 5.54GHz
The measured radiation patterns are shown in figure 4 and are nearly omnidirectional.
The average gain of the antenna is 3dBi in lower band (1.47-1.97GHz) and 3.5dB1 in higher
band (5.13-6.48GHz) .

CONCLUSION

A CPW fed planar monopole antenna built on a s ubstrate of thickness 1. 6mm and
dielectric constant 4.4 for multiband operation has been developed. It is shown that by
modifying a monopole additional resonances can be excited. Antenna is showing a 2:1
VSWR for the two bands centered at 1.77GHZ (1.47-1.97 GHz)and 5.54GHz(5.13-6.48GHz)
with a i mpedance bandw idth of 34.15% and 26.31% covering D CS,PCS and ISM W LAN
bands with an average gain of 3dBi and 3.5dBi respectively.
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Y-Z plane@5.5GHz

X-Z plane@5.5GHz

Figure 5. Measured radiation pattern of the proposed dual frequency antenna at (a) 1.77GHz and (b) 5.54GHz
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ABSTRACT:

A new microstrip-fed printed antenna with triple band operation is presented
for s imultaneously s atisfying w ireless 1 ocal ar ea net work ( WLAN) a nd
worldwide interoperability for microwave access (WiMAX) applications. The
antenna cons ists of a rectangular radiating e lement fed as ymmetrically by a
50Q microstrip line and a trapezoidal ground plane. Rectangular horizontal
strips are attached to the radiating element to form different current paths
which make the antenna resonates in WLAN and WiMAX frequency bands.
The antenna is simple in configuration outlining an overall dimension of 38 x
30 x 0.8 mm’. The measured 10dB bandwidth for return loss is from 2.23 to
2.65GHz and 3.24 to 6.95GHz, covering all the 2.4/5.2/5.8GHz WLAN bands
and 2.5/3.5/5.5 GHz WiMAX bands.

INTRODUCTION:

The i1 nterest i nr esearch and des ign of m ultiband and br oadband an tennas has
increased d ramatically in recent y ears, w ith the boos t in modern w ireless co mmunication
systems. Several multiband antenna designs for wireless local area ne twork have been
reported. T he r eported popul ar des ign configurations meeting t he dual band oper ation for
local area net work in the 2.4GHz (2.4-2.484GHz) and 5.2/ 5.8GHz (5.15-5.35GHz/5.725-
5.825GHz) bands include a microstrip-fed double-T monopole antenna[l], a CPW-fed
monopole antenna with two resonant paths [2], a C-shaped monopole antenna with a shorted
parasitic element [3], an inverted-L monopole with meandered wire and conducting triangular
section [4], a dual band WLAN dipole antenna [5], a branched monopole antenna with a
truncated ground plane [ 6] and a microstrip-fed dual band coplanar antenna [ 7]. T he dual
band slot antenna with double T-match stub generates resonance at 2.35-2.55 and 5 -6 GHz
[8]. However, none of the above available designs can support worldwide interoperability for
microwave ac cess ( WiMAX) appl ication. V arious ki nds of ant ennas uitable for
WLAN/WiMAX operation w ere r eported. T he microsrtrip line fed s lot a ntennas pos sess
advantages s uch as w ide i mpedance bandw idth, 1 ow pr ofile, | ight w eight and eas yt o
manufacture [9],[10]. These printed slot antennas have a disadvantage of being large in size.
In [ 11], authors presented a microstrip fed rectangular monopole w ith a metallic plate of
trapezoid shape pl aced benea th, t o gene rate t he r esonances. A Iso 1 ow pr ofile multiband
antennas have been reported. The compact slotted CPW-fed antenna [12], embedded by three
shape s lots pr oduces t riple r esonant modes at 2.27 -2.62, 5.11 -5.54 and 6.45 -7.64 '
respectively, with poor radiation pattern performance. In[13], the band-rejected design or 4
printed open slot antenna for WLAN/WiMAX operation has been investigated.

In this paper, a planar rectangular radiation element with horizontal strips, printed on

rate i s pr oposed t o ach ieve triple frequency band oper ation, cover ing
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WLAN/WiIMAX bands. The antenna is simple in structure with reduced height compared to
that of acon ventional p rinted m onopole. T he paper al so pr ovides detailed an tenna
dimensions and comparison between measured and simulated results.

ANTENNA CONFIGURATION:

Fig.1.(a) illustrates the evolution of the proposed triple band antenna printed onto a
FR4 substrate with thickness of 0.8mm and relative permittivity of 4.4. A rectangular
radiation element with horizontal strips of unequal lengths and a 50Q2 microstrip feed line are
printed on t he t op of the s ubstrate w hile a t rapezoidal gr ound pl ane pl aced under t he
microstrip feed | ine is printed on t he bot tom of t he substrate. T he r ectangular r adiation
element w as fed as ymmetrically in a di rection per pendicular to its length ‘I’. The antenna
performance w as anal yzed us ing H igh Fr equency St ructure Si mulator ( HFSS). Fi g.1.(b)
shows three different current paths formed in the proposed antenna configuration. The path
length of the current path AB, formed by 50Q2 feed line, rectangular element and the attached
strip with length I}, is equal to 0.5\ and provides the resonance in the 2.4GHz band. Current
path AD which is responsible for resonance at 3.5GHz band is formed by 50Q feed line,
rectangular el ement and t he a ttached s trip with 1ength |, and resonates at a pat h length o f
0.75\. Similarly resonance in the 5.8GHz band is created by an ef fective path CD of length
equal to 0.5% which combines the rectangular element (portion of horizontal length and
vertical 1 ength) and t he hor izontal s trip w ith 1 ength |,. T he gap ¢ g’ f ormed be tween t he
ground pl ane andr ectangular r adiation elements ignificantly af fectst he i mpedance
performance and was optimized by simulation. The upper width of the trapezoidal ground
plane wg has a significant effect in the 5.8GHz band resonance. On varying the width wg,,
the resonance shifts in frequency without affecting first and second resonances. The optimum
dimensions of the antenna are shown in fig.1.(a)

RESULTS AND DISCUSSION:

Fig.2. s hows t he s imulated and exper imental r esults o ft he r eturn | oss for t he
proposed triple band antenna. A good agreement is seen between the measured and simulated
return loss curves. The 10dB bandwidth for the measured return loss reaches 0.42GHz(2.23 -
2.65 GHz) and 3.71 GHz(3.24 - 6.95 GHz) respectively, and can cover the 2.4 - 2.484GHz,
5.15 - 5.35GHz, and 5.725 - 5.825GHz WLAN bands, and the 2.5 — 2.69GHz, 3.4 —
3.69GHz, and 5.25-5.85GHz WiMAX bands. It is to be noted that 3.24-6.95GHz 10dB return
loss bandwidth is due to the overlapping of second and third resonances. Fig.3. illustrates the
measured radiation pattern in H-plane (x-y plane). It is seen that the antenna possesses omni
directional r adiation pat terns with minimum di stortion inthe 2.5 and 3.5G Hz frequency
bands. H owever, instability seen in 5.5G Hz pattern can be attributed to t he as ymmetrical
feeding of the radiation element. E-plane patterns are demonstrated in fig.4. which resemble
to dipole patterns. It 1s worthwhile to mention thatat 2.4 and 3.5G Hz bands, the shaped
trapezoidal gr ound pl ane and t he rectangular el ement co nstitute t he r adiation structure.
Measured peak antenna gain against frequency in the frequency bands of 2-3GHz, 3-4GHz
and 5 -6 G Hz are pl otted in fig.5. (a),(b) and (c).[tis observedthat antenna exhi bits

reasonably stable gain over the band of frequencies. SEARCH

CONCLUSION:

A small printed antenna is presented for promising triple band operation. With the
"~ of horizontal strips attached to radiation element, the proposed antenna not
otters reduced hei ght bu t al so de monstrates s ufficient impedance bandw idth and s uitable
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radiation characteristics for the triple frequency band operation, required for WLAN/WiMAX
applications.
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Fig.1.(a) Configuration of the proposed triple band printed antenna, (b)
Different current paths in the proposed antenna
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I=16mm, /1= 18mm, L=4mm, s =1mm, H = 0.8mm

< |
Pt {
17} I
o ]
- ]
£ |
2 i
3 il

x il \\ /

30 IIII —— Measured (.

? - -= Simulated \l ,I

35 L

' '

li

-40 Il Il Il Il i Il
1 2 3 4 5 6 7 8
Frequency (GHz)
Fig. 2. Measured and Simulated return loss for the proposed triple band printed antenna
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Fig. 3. Measured radiation patterns of the proposed antenna in x-y plane (Etheta and Epp;
component )
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Fig. 4. Measured radiation patterns of the proposed antenna in z-x plane (Etheta and Epy,;
component)
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Fig. 5. Measured peak gains for the proposed antenna in the (a) 2.5GHz;
(b) 3.5GHz; (c) 5.5GHz bands.
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ABSTRACT:

A new electromagnetically coupled broad band printed microstrip antenna
covering the 5.2/5.8 GHz WLAN application is presented. The antenna has a
dimension of 42mmx55mmx3.2mm when printed on a substrate of &, =4.4 and
has a 2:1 VSWR bandwidth of 42% from 4.17 GHz to 6.4 GHz. Details of the
design, experimental and simulated results are discussed.

INTRODUCTION:

The new wireless communication era demand wide band high gain antennas.
Eventhough microstrip antennas have a lot of advantages like high gain, low profile ,ease of
fabrication etc, their perfomance is seriously limited by their inherent narrow band
width.Many techniques have been proposed to enhance the bandwidth of microstrip antennas.
[1] and [2] deal with stacked configurations for wide-band operation. A simple E-shaped
patch in [3] having a bandwidth of 30.3% and its derivative [4] with 49% area reduction has
been reported. Modifications of the E-shaped patch [5] and [6] has been reported recently.
Configurtations with modifications in the feed probe [7-9] are also good choices of wide-
band microstrip antennas.

In this paper we propose a simple wide-band printed microstrip antenna having a 2:1 VSWR
bandwidth of 42.19% from 4.17-6.4 GHz. It covers IEEE 802.11a (5.15-5.35,5.725-5.825 GHz)
and HIPERLAN2 (5.45-5.725 GHz) communication bands.

ANTENNA CONFIGURATION:

The final design is derived from an electromagnetically coupled square patch of
dimension L;xL; mm? fabricated on a substrate of dielectric constant &=4.4 and height
h=1.6mm. The width of the microstrip transmission line (W¢) is designed using standard
design equation for the same substrate. A 45° tilted square slot of dimension L,xL, mm? is
etched on the above patch. This strucure exhibits poor impedance matching characteristics as
shown in fig. 2. The impedance matching can be made better by incorporating a rectangular
strip of dimensions LsxW; mm* symmetrically on the top corner of the slot. The final antenna
is shown in fig. 1. The ground plane dimension LsxLs mm® is optimised after a set of
simulations.
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Fig. 1 Geometry of the proposed antenna

RESULTS AND DISCUSSION:

The s imulation and t he expe rimental w orks of the an tenna ar e done us ing A nsoft
HFSS and A gilent HP8510C Network analyser respectively. The simulated and experimental
return loss characteristics of the antenna with and without the metal strip are shown in fig. 2.
The l ength (L3) and t he width (W) of the s trip are t he major par ameters af fecting t he
optimum bandwidth of the antenna. Fig. 3 shows the simulated return loss variation with
respect to strip length Ls. It can be seen that the bandwidth enhancement is achieved by the
merging of five bands centered at 4.3 GHz4.56 GHz, 5 GHz,5.68 GHz and 6.14 GHz
respectively. The normalised XZ and Y Z plane radiation patterns of the antenna at 4.3 GHz,
5.2 GHz and 5.8 G Hz are shown in fig. 3. The patterns show broadside radiation with good
cross polar isolation throughout the band. The cross radiation patterns are conical in
shape.The antenna is linearly polarised along the Y -axis in the entire operating band. It can
be seen that the surface currents at 4.3 G Hz starts from the metal s trip;directed al ong the
upper patch surface symmetrically. This causes field cancellation along the boresight at the
far field yielding a reduced gain at lower operating frequencies. The antenna has a peak gain
of 6.73 dBi at 5.78 GHz and a least of 3.41 dBi at 4.3 GHz.
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CONCLUSION:

A wide-band electromagnetically coupled printed microstrip antenna suitable for
5.2/5.8 G Hz WLAN,HIPERLAN2 and HISWANa appl ications is pr esented. B andwidth
enhancement is achieved by the merging of bands caused by the add on metal strip on a
slotted microstrip structure. The presented antenna has a 2: 1 VSWR bandwidth of 42.19 %
from 4.17 GHz to 6.4 GHz; exhibiting good radiation characteristics.
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ABSTRACT:

A com plementary gr ound r ectangular microstrip ant enna (CGRMSA) is
proposed for dualband operation having wider upper operating band than the
lower. If the slots are introduced in the conducting patch of CGRMSA the
lower oper ating band beco mes w ider t han t he upper band and ove rall
impedance ban dwidth beco mes 8.6% more when com pared t o C GRMSA.
Further, r eplacing t he gr ound pl ane by pa rallel s lot pat ch, a 32.47% of
impedance ban dwidth i s achi eved w ithout a ffecting t he na ture of r adiation
characteristics. These antennas may find applications in W LAN. The design
concept of antennas is presented and experimental results are discussed.

INTRODUCTION:

The microstrip antennas are very popular because of their attractive features, such as
low profile, lightweight, and eas e in fabrication and can be deployed for a wide verity of
applications in microwave co mmunication. However, m icrostrip ant ennas i nherently have
narrow impedance bandwidth, which is one of the main drawback. A number of approaches
have been reported in the literature for dual band operation required for blue tooth, mobile,
wireless local area network (WLAN), global system for mobile communication (GSM) and
global position satellites (GPS) applications'. But in this study a simple technique has been
used to achieve the same.

DESCRIPTION OF ANTENNA GEOMETRY:

The art work of antennas are sketched by using computer software Auto-CAD 2004
and are fabricated on low cost glass epoxy substrate material of thickness h =1.66 mm and
permittivity & = 4.2.

Top view

Fig. 1 Geometry of CGRMSA
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The geometry of CGRMSA is shown in Fig. 1. In this antenna the copper area exactly
below t he patch of same di mension on the ground plane is removed. T he antenna is fed
through microstripline. T he q uarter w ave t ransformer 1s us ed bet ween pat ch el ement an d
microstripline for matching the impedance’. In the top-view, the length and width of patch
are 1.57 and 2.067 cm, length and width of quarter wave transformer are 0.858 and 0.053 cm
and | ength an d w idth of microstripline are 1.692 and 0.316c mr espectively. T he
complementary ground parallel slot rectangular microstrip antenna (CGPSRMSA) consists of
two equal parallel slots in the conduction patch. The length and width of slots are 1.11 and
0.277 cm respectively. These slots are kept at a distance of 0.23 cm from the width and 0.4
cm from the length of the patch. The geometry of this antenna is as shown in Fig. 2.

The geom etry of gr ound par allels lotr ectangular microstrip ant enna
(GPSRMSA) is shown in Fig. 3. In this antenna the ground plane is replaced by the top view
geometry shown in Fig. 2 but microstripline feed is replaced by a conni cting strip. The top
view geometry of Fig. 3 is same as that of Fig. 1.

Fig. 2 Geometry of CGPSRMSA

Bottom view
Top wew

Fig. 3 Geometry of GPSRMSA
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EXPERIMENTAL RESULTS:

The impedance bandwidth over return loss less than —10dB for the proposed antennas
is measured for 1 to 6 GHz. The measurement is taken on V ector Network Analyzer (Rohde
& Schwarz, Germany make Z VK model). The variation of return loss versus frequency of
CGRMSA and CGPSRMSA is as shown in Fig. 4. From this figure it is seen that the antenna
CGRMSA resonates for two bands of frequencies having magnitude (BW1)3.45% and (BW,)
4.85%. This dual band property is due to patch and com plementary ground makes the patch
resonates for two bands of frequencies. T he dual band oper ation of this antenna may find
applications in WL AN, w ere t wo bands ca n be us ed 1 ndependently f or t ransmit/receive
operations. Further from the same figure it is seen that, the antenna C GPSRMSA resonates
for two bands of frequencies. But in this case the lower resonating band be comes wider than
the upper band as against in case CGRMSA, this is due t o addition o f parallel slots in the
conducting patch. The overall bandwidth is (BW3+BW,) 9.98% which is 8.6% more when
compared to CGRMSA. The variation of returnloss versus frequency of

04
s} 7
=] a 32.47%
o 2
Q A BT e S R
2 9
& &
S S 154
m m
4 o
-204
25
~~~~~~ CGRMSA
o
-30 T T T T T T T T T -30 T T T
1 2 3 4 5 6 4 5
FREQUENCY, GHz FREQUENCY, GHz
Fig. 4 Variation of return loss versus Fig. 5 Variation of return loss versus
frequency frequency

B 3 6 -9 9 -6 -3 0dB

0dB - 9 6 3 0dB
| CGRMSA: ——3.1625 GHz -~ 5.55 GHz | | CGPSRMSA: ——3.1375GHz_ -+~ 5.4 GHz |

Fig. 6 Typical radiation pattern measured at Fig.7 Typical radiation pattern measured at

3.16 and 5.55 GHz 3.13 and 5.4GHz
SEARCH
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Fig. 8 Typical radiation pattern measured at 4.71 GHz

GPSRMSA is as shown in Fig. 5. From this figure it is seen that the antenna gives a
wide bandwidth of 32.47%. This band can be used single or dual as the case may be. Hence
it is quite clear that, the new technique proposed for the construction of GPSRMSA is very
much effective in enhancing the bandwidth of antenna.

The typical co-polar radiation patterns of C GRMSA, C GPSRMSA and G PSRMSA
measured for their resonate frequencies are shown in Fig. 6 to Fig. 8 respectively. From
these figures it is clear that the antenna shows broadside radiation pattern. Hence the nature
of radiation pattern remains the same in spite of enhancement in their impedance bandwidth.

CONCLUSION:

From the detailed experimental study it is concluded that, the dual band operation of
antenna may be achieved by placing a simple slot at the ground plane having dimension same
as that of radiating patch. T he inversion of operating band may be achi eved by inserting
parallel slot on the conducting patch. However, if ground plane is replaced by parallel slot
patch two operating bands merges and becomes single wideband. The proposed antennas are
simple in their design and fabrication and uses low cost substrate material. These antennas
may find applications in WLAN.
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ABSTRACT:

A new rectangular microstrip antenna is proposed that has five resonant
frequencies in the range 1-4 GHz, specifically at 1.092, 1. 98, 2.616, 3.144,
3.762 GHz. Simulation of the structure was done using IE3D. T he antenna
uses air substrate and two slots of equal dimensions are cut across each other
in the form of a Christ-cross.

INTRODUCTION:

Small size multifrequency patch antennas, which are easy to manufacture and cos t
effective, are in demand in the mobile communication industry. A large number of multi-
frequency antennas for this purpose were reported. All these antennas use some sort of slots
cut into the patch along with the probe feed at a certain optimally chosen point to achieve the
desired obj ective. A dual -frequency equi lateral triangular microstrip antenna with a slit is
reported in [1] with T, =4.4 . Similarly a small dual frequency microstrip antenna with cross-
slot is also reported in [2] that uses the substrate with same value of T,. Again a com pact
planar quad frequency microstrip antenna was reported in [3] that uses a substrate with T, =
2.22. In this paper, we present a novel design of a microstrip antenna that has five resonant
frequencies in the range 1-4 GHz. The antenna has two slots of equal dimensions cut across
each other perpendicularly in the form of a Christ-cross. It uses air as its substrate to simplify
fabrication and reduce cost.

ANTENNA DESIGN:

The antenna rectangular patch as shown in the fig. 1 has length L and width W. Two
slots are used. While the vertical one ha s length Ly and width W g, the horizontal one has
length W and width Lg The former is centered at the center of the patch while the other slot’s
center lies F mm above the center of the former as shown in the figure. The probe feed is
situated at distance x from the vertical bisector and distance y from the topmost edge of the
patch. The patch is at a height h above an infinite ground plane.
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Table 1. (Dimensions in mm)

L W Ls Ws F X Yy h

110 60 45 5 5 10 2 6

SIMULATION RESULTS:

The antenna shows five resonant frequencies as shown in figure 2.

—s— dB[S{1,1}]

-12

] ¥
-15 -145
-18 -18
-1 -
-24 24
27 -27
_a0 -3a

0.6 0.4 1.2 1.4 1.8 21 2.4 2.7 3 3.3 3.6 3.4 4.2

Frequency (GHz)

Figure 2.

The simulation results depict S;; of -16dB at 1.092 GHz, -11.88dB at 1.98 GHz, -26.2
sHz, -22.8 dB at 3.144 GHz and -27 dB at 3.762 GHz. The radiation patter
the above resonant frequencies are shown in figures 3, 4, 5, 6, and 7.
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At 1.092 GHz, it is nearly a single frequency operation because the bandwidth at this
frequency is negligible. For 1.98, 2.616, 3.144 and 3.762 GHz bandwidths obtained are 0.057
GHz ( percentage bandw idth: 2.88) ,0. 109G Hz ( percentage ban dwidth: 4.17)
0.096(percentage bandw idth: 3.05) G HZ and 0.1 G Hz ( percentage bandwidth: 2. 66)

respectively.
—&—[" [=1.092(GHz), E-total, phi=0 {deq) —&—[" [=1.98(GHz), E-total, phi=0 (deg)
—a—[ [=1.092{GHz), E-total, phi=90 {deq) —a—[ [=1.98(GHz}, E-total, phi=90 {deg)
i
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[ 8] E=3 o oo

=

'
(8]

-180 -150 -120 -90 -60 -30 O 30 B0 80 120 1&0 180
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Figure 7
Figures 3, 4 and 6 s how the regular radiation pattern. Figure 7 is almost close to the

regular shape. However for figure 5, there is a broadside null.
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CONCLUSION:

A new rectangular microstrip antenna is proposed with air as its substrate so that the
manufacturing costis s ubstantially r educed. T he ant enna us ed t wo r ectangular s lots cu t
perpendicularly across each other in form of Christ-cross.
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ABSTRACT:

The performance of a T -shaped m onopole loaded w ith di electric r esonator
antenna (DRA) is studied for wideband communications. The length of the
monopole and load arm is adjusted for a certain DRA dimension to achieve a
10 dB bandwidth of 110%. The return loss characteristics and radiation pattern
of t he ant enna i s pr esented. T he r esults are achi eved us ing M ethod of
Moment-based s oftware W IPL-D. T he s imulated r esults ar e com pared w ith
the measured result for a prototype antenna.

INTRODUCTION:

The m onopole 1 oaded w ith dielectric r esonator antenna (DRA) has f ound w ide
application as broadband antenna [1 - 2]. The guideline for the design of this antenna was
presented in recent literature [2]. Also the simple loaded wire antennas (e.g., inverted L, T, I
and C antennas) are used for wideband communication [3]. I n the present work, a h ybrid
antenna using T-shaped monopole loaded with DRA is presented. The design guidelines for
the DRA are followed from the literature [2]. The electromagnetic software WIPL-D Pro v5.1
is used for the simulation of return loss and radiation pattern [4]. The simulated results for
return loss are verified with the measured results from a prototype antenna.

ANTENNA GEOMETRY:

The antenna configuration is shown in Fig. 1. It consists of a thin T-shaped monopole
and an annular DRA, both sharing the same axial reference and mounted on a gr ound plane.
The T-shaped monopole is designed to have a resonance at the lower end of the frequency
band, w hile the D RA is designed to have a resonance near the upper end of the desired
spectrum range. The combined effect of the T antenna and D RA produces the intermediate
resonance and maintains the 10 dB return loss over a wide frequency range.

RESULTS:

For the simulation, the antenna is considered to be connected with a delta-gap source
of 1Volt. The result for the return loss versus frequency of the T-shaped monopole / DRA is
compared to a simple monopole in Fig. 2. T he dimensions of the antennas studied in this
section are presented in Table 1. The variation in return loss with the change in the main-arm
length of the T-antenna is presented in Fig. 3.
The prototype antenna is fabricated for experimental verification [5]. The dimens
of the prototype antenna are presented in Table 1. The design parameters of the prototype are
as follows: L =12mm; 2L1 =6 mm; s=0.84 mm; a=5 mm; b= 1.49 mm; r=0.65 mm; h =
6 mm - £ r=10. A circular finite ground plane of radius 50 mm is used for the measurement
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analyzer is presented in Fig. 4. The radiation patterns in the vertical plane of the antenna are
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presented in Fig. 5.

Monopole

DRA—*

< >
< T L
]

/

Ground plane

50 Q feed

X
Fig. 1 Cross section of a DRA loaded T-shaped monopole.

Table | Antenna Parameters of Different Antennas

Proceedings of APSYM 2008, Dec. 29-31, Department of Electronics, CUSAT, Cochin, INDIA.

Shown | Name Antenna Parameters (all dimensions in mm)
in (Refer Fig. 1)
L 2L, S a b r h &
T-monopole 12 |6 - - - 0.65 - -
Fig.2 [ T-monopole /[ 12 |6 084 |50 1.49 0.65 6 10
DRA
Monopole 15 10 - - - 0.65 - -
Design#1 11 |8 084 |50 149 0.65 6 10
Fig. 3 Design#2 12 |6 084 |50 149 0.65 6 10
Design#3 13 | 4 0.84 |50 149 0.65 6 10
Design#4 14 |2 0.84 |5.0 1.49 0.65 6 10
Fig.4 Prototype 12 |6 084 |5.0 1.49 0.65 6 10
Fig.5 T-monopole /|12 | 6 084 |50 1.49 0.65 6 10
DRA
DISCUSSIONS:

The D RA-loaded T -shaped m onopole ant enna s hows a wider bandw idth ( 10
bandwidth of 110%) compared to a monopole or T-shaped monopole and also to a DRA-
loaded monopole (Fig. 2). Fig. 3 shows that by suitably adjusting the load-arm and main-arm

sired bandwidth can be achieved. A good agreement between the measurec
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simulated result is obtained (Fig. 4). Also Fig. 5 shows a monopole-like radiation pattern over
the impedance bandwidth.

Fig. 2.
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Fig. 3 Return loss versus frequency of T-shaped monopole / DRA with varying
main arm and load arm length.
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Fig. 4. Return loss versus frequency of prototype antenna with dimensions given in Table 1.

Gain [dB] . OGHz
T | 4GHz

Fig. 5 Radiation pattern in the vertical plane at different frequencies.
CONCLUSION:

The wideband performance of a hybrid antenna consisting of a thin T-monopole and
an annular DRA is studied. This antenna may be used for wideband trans-receive system.
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ABSTRACT:

A t heoretical method o ff inding t he char acteristic 1 mpedance of anon -
coplanar fin antenna is presented. In this problem, the spherical geometry can
be mapped on a plane, thus reducing the problem to finding the solution of
Lap lace’s equation by using Conformal mapping techniques. V erification of
the method is provided by co mparing itw ith an al ternative numerical
technique namely Boundary Element Method.

An Infinitely long non-coplanar fin antenna belongs to the class of structures which
support spherical TEM waves. The problem of determining the electric and m agnetic fields
due t o a gi ven ant enna conf iguration is e ssentially one of s olving Maxwell’s equa tions
subject to the appropriate boundary conditions for the surface. A conical structure is one for

which the surface can be specified solely in terms of the spherical angles 4 and r , iIn which
case the excited wave in the structure is a TEM spherical wave. This means that by a suitable
choice of variables, M axwell’s equations may be reduced to the L aplace equation in two
dimensions given by

¢ NP
esmq: gsmq 29, ﬂ—fzuo(q,f)=0 .
€ e 7 (1), where O is the hertz potential. Thus the

non—zero component of the electric and magnetic fields corresponding to the TEM mode
excited in the structure are given by
1 ﬂzéer _ jwe dOgr
Eg=— Hg=—"
r rlg . rsing df

rsing ﬂrﬂf r- r ag

Efs——
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Non-Coplanar Fin Antenna

Figure 1:

In this way, the original 3-D problem of determining the electric or magnetic field due to a
given conical antenna structure can be reduced to one of solving Laplace’s equation for the

scalar function G(Q,f) in two dimensions, subjected to the appropriate boundary
conditions prescribed by the structure, which is given by

0(q.n=40
2k For any point P€ S1

For any point P € S2.

Thus conformal mapping technique may be applied to determine the solution of (1) in
the case of a non-coplanar fin antenna.

Thus by mapping the antenna onto a s uitable 2 -D s tructure, the i mpedance can be
obtained by c onsidering t he capaci tance of t he as sociated s tatic f ield distribution. T he

r= tang f=

required mapping relation is 2, C, this transform maps the surface o f any
. r. . .

sphere r = constant into the ( ’ fC) plane. For a non-coplanar fin antenna this transforms the

plane into a set of equations of a family of circles centered on the U-axis through points v +1
and family of circles centered on the v-axis as shown in figure 2: (a)

(a) . 1 V(} .

(b K-k K +iK
K%%ﬁmm I

Figure 2: (a) (b)
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Subjecting t his obtained result to a s eries o f t ransformations cons isting of bi linear
transformation, logarithmic mapping, Schwarz - Christoffel transformation along with elliptic
integrals of the first and third kind, we get our desired mapping as shown in figure 2: (b).

Thus the original, non-coplanar fin structure has been mapped onto a pair of parallel
plates as shown above. It follows that the electric field is uniform within the rectangle with
the potential being given by

. Sival vl
6 (g, 1) =205 -6,
2k ¢ K

The Characteristic Impedance of the configuration can be directly obtained from the

d
zo=h—
final transformation as 0 b | where ‘d’ is the distance between the plates and ‘b’ is the
width of t he pl ates. N ow t he s ame can be ver ified us ing the nu meric technique na mely
Boundary element method (BEM).

The finite element method (FEM) and M ethod of moments (MOM) have become the
two most popu lar methods of num erical anal ysis of el ectromagnetic p roblems. T he choice
between the two numerical techniques depends on the particular problem. A hybrid method
called BEM, have been proposed that allows the use of both MOM and FEM, with the aim of
exploiting the strong points in each m ethod. It basically involves obtaining the boundar y-
integral equation from the Green’s identity and solving this by a di scretization pr ocedure
similar to that us ed inregular FE M anal ysis. Since the BEM is based ont he bound ary
integral equivalent to the governing differential equation, only the surface of the problem
domain needs to be m odeled. Thus the dimension of the problem is reduced by one as in
MOM.

Figure 3:

The f undamental s olution f or pot ential is ! (X’X) and the f undamental
solution for flux is given by a (X’X). Hence the Green’s function is given by,

u’(x,x)= %ln|xi - x| = ;—;ln(r)

* -1 (X-X
q° (x.x) :—.,(—2)‘.ni -1
210 Q|Xi —)(|| Y =_-r:ini
€ u 2pr We obtain the boundary integral equation as,

!
c(x)u(x)+ g (xx)u(x)dG = ju"(x,x)q(x)dG _g_ae
G G ,wherec(X)_8 2pe for xTG
= 1 for xTW
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= 0 forx'G,x'W

An anal ytical solution of the integral in equation ( 12.9) 1s only pos sible for very
simple cases. Here, instead the boundary is divided into segments —the so called boundary
elements — and the boundary variables are interpolated by piecewise continuous functions,
e.g., pol ynomials, s o that an appr oximate c alculation of the boundar y i1 ntegrals beco mes
possible. This approach is called Discretization. The discretized form of boundary equation is

then given by
M _ (e) « 0
A € -
i i) ng

This can equivalently be represented as,

. AN L6
& H, H ... H 9 (?U 4 2G, G,.. Gy 6 ed g
Q 12 IN E‘E‘ ll:| QG G G +é lu
¢ A —e- U 21 220000 2N+ A
¢Hy H Howau g ¢ 7 ik
QM T I T g u ¢ A
¢ TéM u ¢ TgM l7|
¢ 28 Y 56y G Gupbg
SHNI H o HNngUNg N1 N2 NNfZléq'\‘lAJ

For the case of two unequal parallel slots of finite length arranged as shown

Assembling the known and unknowns we end up with the usual form of the matrix
equation, AX=B, in terms of the H and G matrix. The matrix X gives the charge distribution
of the system, which ultimately gives the capacitance of the system. This is substituted in the
basic equat ion of t he char acteristic impedance. T his r esult can be co mpared w ith t he
analytical value of characteristic impedance. T he characteristic impedance of the systemis
plotted in figure 4.

200
180 H B H : e
150 s
140 - 5 : ] B
120 T B
oo - — : : -

=0 [ : =

=0

ao - 5 i

zo H B B
Bl gl =

Figure 4:
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ARRAY ANTENNA FOR RADAR APPLICATIONS

R B Konda, S K Satnoor , M Veereshappa, S N Mulgi and P V Hunagund
Department of PG Studies and Research in Applied Electronics,

Gulbarga University, Gulbarga - 585 106, Karnataka, India.
E.mail: rajendrakonda@rediffmail.com

ABSTRACT:

An ei ght-element s lot r ectangular microstrip array antenna (ESRMA) us ing
corporate feed ar rangement i s pr oposed for t riple band o peration for r adar
applications where antenna is required to operate at two or more discrete band
of frequencies. If ESRMA is fed through aperture, the coupling enhances the
impedance bandwidth at each operating bands. The overall impedance
bandwidth is found to be 29.61%, with improved radiation characteristics. The
design concep tof ant ennasi spr esented and exper imental r esults are
discussed.

INTRODUCTION:

Dual or t riple band f requency oper ations have gai ned wide at tention i n r adar
communication particularly in s ynthetic aper ture r adar (SAR). T he appl ication of modern
radars w orking in C-band and X -band needs not only to achieve large-scale s canning and
early warning but also track targets exactly as soon as finding them. At the same time,
broader bandwidth is needed for anti-jamming. To fulfill these requirements, the antennas of
modern radars s hould pos sess both br oader bandwidth and beam s'. T hese canbe m etby
aperture-coupled microstrip patch array antenna based on 1 ow-permittivity, low-weight and
low-cost substrates. In this study a t riple band oper ation of ESRMA is achieved in X-band
(8.2to0 12.4 GHz) by using asimple e ight-element s lot a rray conf iguration. Fur ther the
bandwidth at each operating band is enhanced, by energizing the elements of ESRMA
through aperture coupling.

DESCRIPTION OF ANTENNA GEOMETRY:

The antennas are sketched by using computer software Auto-CAD 2002 and are
fabricated on commonly available glass epoxy substrate material of thickness h =1.66mm and
permittivity & = 4.2. The elements of ESRMA are fed by using corporate feed technique.
This t echnique has been s elected becaus e o fits s implicity and i t can be s imultaneously
fabricated along with the antenna element. At the center of radiating elements in ESRMA an
optimum slot is embedded which is parallel to the width of radiating element for enhancing
the impedance bandwidth. T he length L and width W, of slotis taken, as 1,/4 and 1,/16
respectively, were 1, is the free space wavelength in cm. This slot is considered as a wide
slot, as its width is comparable to its length. The wide slotis selected be cause itis more
effective in enhancing i mpedance bandw idth w hen com pare to a nar row s lot’. A mong the
various br oad banding t echniques t he aper ture coupl ed t echnique r eceives m uch n
attention; mainly due to the additional advantage that, separate substrate can be used for the
feed circuit which helps in designing desired feed network for energizing the antenna element
thronoh connling slots placed on the ground plane’. The slots, which are used in the radiatino
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elements of ESRMA, are used on the ground plane in the form of coupling slots to energizing
the elements of aperture coupled eight element rectangular microstrip antenna (AERMA).

Fig. 1 Geometry of ESRMA

Radiating elements S

Ground plane

Bottom feed line

T N5

Fig. 2 Geometry of AERMA

Figure 1 shows the geometry of ESRMA. The radiating elements are placed at a
distance of 3 1,/4 in order to add the radiated power in free space by individual elements.
However, the distance between two elements is taken in terms of multiple of half wavelength.
But in this case 31,/4 has been selected in order to accommodate corporate feed arrangements
between t he r adiating e lements. T he cor porate f eed ar rangement cons ists o f matching
transformer, qu arter w ave transformer, microstrip bend and power divider and is used for
better impedance matching between feed and radiating element which reduces the loss in the
feed line. At the tip of microstrip line feed a 50 W coaxial SMA co-axial connector is used for
feeding the microwave power.

The geometry of AERMA is as shown in Fig. 2. The radiating elements are etched on
the top surface of substrate S;. The corporate feed arrangement is etched below the substrate
S, having the same dielectric constant (&) and thickness (h) as that of S;. The coupling slots
are placed on the top of the substrate S, exactly at the tip of 50 W microstrip feed line of
corporate feed arrangement. The substrate S, is placed below the substrate S; The radiating
elements on the topside of substrate S; energizes through coupling slots placed on the topside
of substrate S, that is the ground plane. This arrangement forms aperture coupling.

EXPERIMENTAL RESULTS:

The impedance bandwidth over return loss less than —10dB for the proposed antel
is measured for X-band frequencies. The measurement is taken on Vector Network Analyzer
(Rohde & Schwarz, Germany make ZVK model). The variation of return loss versus
freanencv of ESRMA is shown in Fig. 3. The antenna resonates for triple bands BW,;, R\

e — -, .2 BW; s due to the fundamental resonance of the driven elements. The additic.....
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resonance BW, and BWj; are due to the effect of slot inserted in the driven elements which
acts as secondary resonance*°. The overall impedance bandwidth (BW,+BW,+BW5) is found
to be 6.53 % i.e. 590 MHz.

The variation of return loss versus frequency of AERMA is also shown in Fig. 3. It is
seen from this figure that, the antenna again resonates for triple band of frequencies BW,,
BW5 and BW,. The magnitude of BW, is 1.25, BWs is 1.99 and BWjis 16.27 times more when
compared to BW,, BW,, and BWj; respectively. This enhancement in impedance bandwidth is
due to the combined resonance effect of radiating element and the coupling slots that couples
energy from the feed line to the radiating elements. The coupling slot can be either resonant
or non-resonant. If it is resonant, the current along the edges of the slot introduces an
additional resonance, which adds to the fundamental resonance of radiating element, causes
enhancement in the impedance bandwidth*>. The overall impedance bandwidth (BW,+ BWs +
BWy) is found to be 29.61% i.e. 3030 MHz, which is 4.53 times more when compared to the
impedance bandwidth of ESRMAO.

RETURN LOSS, dB

FREQUENCY, GHz

Fig. 3 Variation of return loss versus frequency

In order to calculate the gain, the power received P, by the pyramidal horn antenna
and the power received P, by ESRMA and AERMA is measured independently. With the
help of these experimental data the gain of antenna under test Gy in dB is calculated using the
formula, (G1) ¢g = (Gy) g + 10 log (P/P,)where, G, is the gain of pyramidal horn antenna.
From this, the gain of ESRMA and AERMA is found to be — 0.27 dB and —-1.34 dB
respectively. Since the impedance bandwidth of AERMA increases the gain decreases. The
decrease of gain is mainly because the radiating patches in the aperture-coupled feeding are

not directly connected to the feed network.
00

-60°

[ \ [ i
-90° JL A y ,\900 -90° ( i - ! ) - JL 90°
0dB -10 -20 -30 -30 -20 -10 0dB 0dB -20 -40 -40 -20 0dB

Fig.4 !

Co-polar - Cross-polar]| [ — Co-polar - Cross-polar |

Fig.5

Fig. 4 Variation of relative power versus azimuth angle ESRMA

Fig. 5 Variation of relative power versus azimuth angle AERMA SEARCH

The co-polar and cross-polar radiation patterns of ESRMA measured at 8.32 GHz and
remrfto-qgured at 10.3GHz are shown respectively in Figs 4 and 5. From these figut
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is seen that patterns are broad sided with cross-polar level better than —10 dB indicating linear
polarization of radiation. It is seen from Fig. 5 t hat, the power level for the cross-polar of
AERMA is quite low when compared to the cross-polar power level of ESRMA as seen in
Fig. 4. This improvement in radiation pattern is due to aperture coupling.

Fig. 6 Input impedance of AFRMA

Since, AERMA gives wider impedance bandwidth when compared to ESRMA,
for the validation its input impedance is measured on Vector Network Analyzer, as shown in
Fig. 6. From this figure it is seen that the impedance loci has three central loops that accounts
for its wideband operation.

CONCLUSION:

From the detailed experimental study it is concluded that the triple band operation of
ESRMA can b e enhanced cons iderably through aper ture c oupling. T his o verall impedance
bandwidth is 4.53 times more than that of ESRMA. These proposed antennas are simple in
design and f abrication and us es 1 ow cos t s ubstrate material. T hese a ntennas may f ind
extensive use in radar communication particularly in SAR.
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ABSTRACT:

A new t ypeof dual -frequency r ectangular microstrip a rray ant enna is
presented, which is designed by using a simple corporate feed arrangement.
Comparing with the conventional rectangular patch antenna, the bandwidths
for dual -frequency both are extended to 6.3 and 1.6t imes and t he gain is
increased to 7. 40 dB with an -3dB beam w idth of 31°. T he exper imental
measurements are taken and are presented.

INTRODUCTION:

Patch antennas are popular for their well-known at tractive features, such as low
profile, light weight, and compatibility with monolithic microwave integrated circuits. Their
main disadvantage is an intrinsic limitation in bandwidth, which is due to the resonant nature
of the patch structure.

Patch antennas are well suitable for systems to be mounted on airborne platforms, like
Synthetic-aperture r adar (SAR). Fr om these appl ications, a new motivation is gi ven f or
research on innovative solutions that overcome the bandwidth limitations of patch antennas.
In appl ications i n w hich i ncreased bandw idth i s needed f or oper ating at t wo s eparate
sub-bands, a valid alternative to the broadening of total bandwidth is represented by
dual-frequency patch antennas. Indeed, the optimal antenna for a specific application is one
that ensures the matching of the bandwidth of the transmitted and/or the received signal.

When the system requires operation at two frequencies too far apart, dual-frequency
patch antennas may avoid the use of two different antennas; a typical case is that of SAR. As
is well-known, the present SAR antenna employs different arrays for each band. The trend of
SAR antennas of the future generation is to cover at least two of the three bands with a dual
frequency antenna. This would reduce weight and surface, thus improving the possibilities of
accommodation under the launcher fairing.

In principal, dual-frequency planar antennas should operate with similar features, both
in terms of radiation and impedance matching, at two separate frequencies. Obtaining these
features by using planer technologies is not a straightforward matter, particularly when the
intrinsic structural and technological simplicity of patch antennas is to be presented'.

In this paper, a new type of dual-frequency microstrip array antenna is proposed. The
dual-frequency behavi or i s obt ained by m eans of t wo r adiating el ements, each of t hem
supporting strong currents and radiation at the resonance.

ANTENNA CONFIGURATION:

The proposed antennas are d esigned using low cost glass epoxy s ubstrate mab_
. ) . i SEARCH
having dielectric constant & = 4.2 and thickness h = 0.16 cm. The artwork of these antel

is developed using computer software AutoCAD. The antennas are fabricated using
photolithographic process.
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Figure 1 shows the geometry of conventional rectangular microstrip antenna (RMSA)
designed for the resonant frequency of 9.4 GHz with dimensions (L, W) = (0.66, 0.98) cm.
The antenna is fed by microstrip line feeding. This feeding has been s elected because of its
simplicity and it can be s imultaneously fabricated al ong with the antenna el ement. Further
this pl aner f eed makes t he s tructure s uitable f or integration w ith a ssociated microwave
circuitry. A quarter w ave transformer of dimensions (L, W;) = (0.42,0.05) cmis used for
better impedance matching between microstrip feed line of dimensions (Ls, Ws) = (0.41, 0.32)
cm and radiating element. At the tip of microstrip line feed a S0W coaxial SMA connector is
used for feeding the microwave power.

ﬂWIL b

Fig. 1 Geometry of RMSA.

Figure 2 shows the geometry of two-element rectangular microstrip array antenna
(2RMSAA). The elements of this array antenna are exited through corporate feed
arrangement. This feed arrangement consists of tw o-way power divider made up of 70W
matching t ransformer of d imension ( L7g, W70) = ( 0.41,0. 16) ¢ m, us ed between 100 W
microstrip line of dimension (Ligo, Wigo) = (0.83, 0.07) cm and 50W microstrip line o f
dimension L and W;. The array elements are kept at a d istance of D =5 1¢/6 (i.e. 2.66 cm)
from their center point. This optimized distance is selected in order to achieve minimum side
lobes in the radiation pattern®.

h—

Fig. 2 Geometry of 2RMSAA.
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EXPERIMENTAL RESULTS:

The impedance bandwidths over return loss less than —10dB for the proposed
antennas are measured. The measurements are taken on V ector Network Analyzer (Rohde &
Schwarz, G erman make Z VK M odel). T he var iation of return loss ve rsus f requency o f
RMSA, and 2RMSAA is shown in Fig. 3 for the sake of comparison. From this graphs the
impedance bandwidth is calculated by using the equation

ef, - f u._
BW= gty ~100%
e c 0

where, fy and f_ are the higher and lower cut-off frequencies of the band respectively, when
its return loss becomes -10 dB and f; is the center frequency of band.

0

-10

Return Loss, dB
- w©
‘f’-‘é

;m

154

---- RMSA —— 2RMSAA

-20

8 I 9 I 10 11 12
Frequency, GHz

Fig. 3 Variation of return loss versus frequency.

From Fig. 3. It is clear that the experimental impedance bandwidth (BW;) of RMSA is
found to be 290 MHz i.e. 3.07 %. The overall impedance bandwidth of 2RMSAA which is
resonating for two bands (BW; + BWS3) is found to be 17920 MHz i.e. 24.23 %, which is 7.9
times more when compared to conventional RMSA in terms of percentage.

Further from Fig. 3 it is also clear that impedance bandwidth (BW,) of 2RMSAA is
found to be 17400 MHz i.e. 19.33 % and the impedance bandwidth (BW3) of 2RMSAA is
foundtobe 520M Hzi.e. 4.9 % w hich arerespectively 6.3 and 1.6t imes more w hen
compared to c onventional RMSA. The dual -band is due t o the array configuration of two
elements, which resonates at its own frequencies”.
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azimuth angle of 2RMSAA at 9.21 GHz. azimuth angle of 2RMSAA at 10.63 GHz.

Fig. 4 and Fig. 5 shows the co-polar and cross-polar radiation patterns o f the
proposed antenna, measured at the operating frequencies. From the figures it is clear that the
antenna is showing broad side radiation characteristics with cross-polar level less than -15 dB
at both the operating frequencies. The HPBW of the proposed antenna is cal culated and is
found to be 31° which is much lesser when compared to the conventional RMSA (70°).

In order to calculate the gain, the power received (Ps) by the pyramidal horn antenna
and the power received (P;) by RMSA and 2RMSAA are measured independently. With the
help of experimental data, the gain of antenna under test (Gt) in dB is calculated using the
formula,

(GT) dB = (Gs) ag+ 10 Iog (Pr/Ps)

where, Gs is the gain of pyramidal horn antenna. It is seen that the gains of RMSA and
2RMSAA are 4.78 dB and 7.40 dB respectively, which shows that the gain of 2RMSAA is
1.55 t imes more. T his indicates t hat t he ga in of pr oposed ant ennas is q uit h igh w hen
compared to the gain of conventional RMSA. This shows the use of array configuration also
improves the ant enna gain cons iderably’. The input i mpedance pr ofile of 2RMSAA isas
shown in Fig.6.

CONCLUSION:

From the detailed study it is clear that, the proposed antenna is quite, simple in design
and fabrication and quite good in enhancing the impedance bandwidth and gain at X-band
when compared to RMSA without changing the nature of radiation pattern. This antenna is
also s uperior as ituses | ow cost s ubstrate material. T his antenna is more s uitable w here
limited antenna real estate is available in phased array, in modern communication and may
find applications in SAR.
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ABSTRACT:

The development of a novel RFID tag operating at 869 MHz and its
performance evaluation using simulated Radar Cross Section (RCS) are
presented. The RCS of the tag antenna is evaluated over azimuth and elevation
angular ranges for three cases of load: short, matched load and open. The tag
exhibits appreciably good differential RCS between its switching states over
wide azimuth angular ranges and over the entire elevation angular ranges. The
measured read range variations over the azimuth and elevation angular ranges
are also presented to validate the simulated results

INTRODUCTION:

Radio frequency identification (RFID) is an automated wireless data collection
technology which is widely being used as a substitute for barcodes [1]. Recently there has
been intense research on RFID technology in the UHF band (860-960 MHz) and is widely
getting popular in the identification of objects in the various supply chains around the world.
Several papers have been published on UHF RFID tags and their performance evaluation in
terms of Read range in a particular reader [2] - [4]. This method of evaluation has a drawback
that read ranges may vary with different readers as the reader systems of different companies
have different sensitivities. A suitable method for evaluation of RFID tags is by method of
Radar Cross Section (RCS) evaluation and has been attempted by some researchers recently
[5] — [6]. In this paper we present a novel RFID tag operating at §69MHz and the evaluation
of its RCS over azimuth and elevation angular ranges using electromagnetic simulation with
CST microwave studio. The measured read range of the tag is also presented to validate the
simulated RCS results

RCS OF RFID TAGS: .

In an RFID system, the tag changes its reflectivity in order to convey its stored
identity and data to the reader. This is referred to as the differential RCS. The tag varies its
RCS by changing the impedance match of the antenna between two states, usually matched
load and short. The backscattering RCS of an RFID tag antenna is given by [5]

A2G*Ra?
o)
1,2 RLZ g+ Zoy 17 o (1)

Where A is the wavelength, G is the tag antenna gain and Za=Ra+jXa is the complex
antenna impedance. Zc; and Zc; are the complex RFID impedances.

The vector differential RCS of the tag is given by [6] as SEARCH

A°2G °?
Ao o= ST —p, = p, [ )
4

> p, and p, are the complex power reflection coefficients given by
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z +Za

Knowing the value of Ao, the read range may be calculated from the classical radar
range equation as
PG 212 4
R .. = — Ao | el (4)
(4 T ) Pr ,min

This shows the dependence of Read range on the differential RCS of the tag.

METHODOLOGY AND EXPERIMENTAL SET-UP:

The configuration of the RFID tag is shown in fig.1. The tag consists of an antenna
and a chip with terminal impedance of Z.=128-j577. The electromagnetic power from the
antenna is maximally delivered to the tag chip when antenna has a conjugate impedance of
the chip. The parameters L1, L2, L3, W1, W2, and W3 are properly tuned using CST
microwave studio simulations to get a conjugate match with the chip at resonant frequency
869MHz. The experimental model was made with optimised parameters L;=90mm,
L=29mm, L;=35mm, W;=1lmm, W,=7mm and W3=4mm on an FR-4 substrate with

dielectric constant €=4.9 and thickness h=3.44mm.The backscattered RCS of the tag for
different cases of load is computed over azimuth and elevation angular ranges using CST
microwave studio. The read range measurements of the RFID tag were performed inside an
anechoic chamber using a reader with 500mW of ERP operating at 869 MHz. The read range
is defined as the maximum distance from which a tag can be detected by the reader and it
depends on the differential RCS of the tag between the two switching states.

RESULTS AND DISCUSSIONS:

The simulated results for the variation of RCS of the RFID tag at 869 MHz over
azimuth and elevation angular ranges is illustrated in fig. 2(a) and 2(b) respectively. In each
case computed results are given for the antenna connected to different cases of the load:
short, matched load and open. It can be seen from fig.2(a) that RCS of the tag antenna is
maximum at 6=0 for all three cases of the load and falls off on either side of maximum. The
typical maximum values are -17.41 dBsm, -23.03 dBsm and -27.91 dBsm for load
impedances with short, matched load and open respectively. This gives a differential RCS of
5.62 dBsm between the short circuited and matched load cases. It is also evident that
differential RCS becomes negligibly small for azimuth angles above 70. The difference in
RCS between the short circuited and matched load cases is the main factor which determines
the read range of the RFID tag. It can be seen from fig. 2(b) that Backscattering RCS is
nearly constant over the elevation angular ranges in each case of load impedance. It is also
clear that the differential RCS between the two states of the tag antenna also remains constant
which should give almost constant read range over the elevation angular ranges. The
measured read range variations of the tag antenna at 869 MHz over azimuth and elevation

angular ranges are illustrated in figures 3 (a) and 3(b) for different cases of the load. gEaRCH
(SEARCH |

fig. 3(a) it is clear that the read range is maximum at 6=0, where the differential R

maximum. The tag read range becomes small with azimuth angles on either side and becomes

zero at the extremes. This is in agreement with the simulated results of fig. 2 (a). It may be
n fig.3 (b) that the read range remains almost constant over the elevation an;
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ranges with a maximum of 285cms at ®=0. This is in good agreement with the simulated
RCS results in Fig.2(b).

CONCLUSIONS:

The Radar Cross Section of a novel RFID tag at 869 M Hz is computed using CST
microwave studio for different cases of load impedance. The measured results for the read
range of the tag agree well with the variations in the RCS. The RCS simulation of the tag is
found to be a good technique in evaluating the performance of the RFID tag. The tag exhibits
good read range over the entire elevation angular range and over wide azimuth.
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Fig.1 Schematic diagram of the RFID tag antenna.
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ANALYSIS OF MULTILAYER PATCH ANTENNA WITH TWO
PARASITIC ELEMENTS
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2Department of Electronics Engineering, |. T. BHU, Varanasi, 221005, India
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ABSTRACT:

The analysis of stacked patch antenna with two parasitic elements is presented. The
antenna shows improved radiation and directivity by 6.57 dB as compared to single
layer patch antenna. The bandwi dth of the antennais found to depend on various
parameters such as h, h, and s. The proposed results are c ompared w ith the [E 3D
simulation and reported experimental results.

INTRODUCTION:

In the present paper an attempt has been made to improve the antenna bandwidth and
gain by stacking two parasitic elements over the fed patch in a multilayer planar structure.
Various ant enna par ameters s uch as i nput impedance, V SWR, r eturn | oss and r adiation
pattern are calculated for different value of air gap spacing and separation between two
parasitic el ements. T he entire i nvestigation is based on ci rcuit theory conc ept. T heoretical
results obtained from the analysis are compared with the IE3D simulation and experimental
results, the details of which are given in the following sections.

ANTENNA DESIGN AND EQUIVALENT CIRCUIT:

The side view of the proposed ant enna con figuration is shownin Fig. 1 with the
corresponding current distribution at centre frequency 3.011 GHz (Fig. 2).

]’aLust.ic clements

h -
= i »Fed patch
hy & ar
L| > (Ground plane
> Co-aanl feed

Fig.1  Side view of proposed antenna in two laver conliguration

Iig.2  Current distribution at centre frequency 3.011 Gllz (a) fed patch and (b) two parasitic elements SEARCH
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Parasitic elements

|
Ry LIE C—= -G ELp R T T CLir Gy é L, $ Ry

F 3

Fed patch > Ca

Ll P
Fig. 3 Coupled equivalent circuit of proposed antenna

Since the stacked parasitic patches are excited through electromagnetic coupling by fed
patch, the value of capacitance (C,), inductance (L) and resistance (R;) for identical stacked
parasitic elements canbe given as [2].

Thus the equivalent circuit of the stacked patch with two identical parasitic elements
can be given as shown in Fig. (3). The coupling inductance (L,) and capacitance (Cy,) are
calculated by [5]. Now using the equivalent circuit (Fig. 3) total input impedance of the
proposed antenna can be calculated.

RADIATION PATTERN:

The radiation pattern of the rectangular patch can be given as [6]. The radiation
pattern for the stacked patch antenna can be obtained with the assumptions

(a) the slot voltage of the parasitic elements are k. times the slot voltage of the driven
patch.

(b) the distance between two patches is very small compared to the wavelength and hence
the radiation from the two patches are in same phase.

Further the radiation pattern for the stacked two identical parasitic elements can be obtained
as

E,(0)=4F xE6) —(2)
E ()= AF x E,(p) ~(3)

where AF is array factor and calculated by [7] and E;(8) & Ej(p)can be obtained
by multiplying coupling coefficient (k;) in equation given by [6]. Hence the radiation pattern
for the proposed antenna can be given as

E©), = E(0)+ E,(6) ~(4)
E(g), = E(@)+E,(¢) —(5)
DESIGN SPECIFICATIONS FOR THE PROPOSED ANTENNA:

Substrate material used — air; Dielectric constant (&£rl ,&r2 )-1.0; Thickness of
substrate (h;)- 5 mm; Design frequency (f;)- 3.0 GHz; Length of the fed patch (L)- 50mm;

Width of the fed patch (W)- 30 mm; Thickness between fed and parasitic patch (hy)- 5 1 SEARCH
Length of the parasitic patch (Lp)- 36 mm; separation between parasitic elements (s) -52

; Width of the parasitic patch (W)- 30 mm; Feed point location-(24 mm,0).
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DISCUSSION OF RESULTS:

Variation of VSWR as a function of frequency is shown in Fig. 4 for different value
of' s for given value of h; and h, From Fig. 4 itis found that the bandwidth of the antenna
depends directly on the value of s. Both the theoretical and simulated results for a given value
ofh;,h; ands areshownin Fig. 5. [ tis observed that the theoretical results are in close
agreement with the simulated results using IE3D software [8].

The variation of VSWR for multilayer antenna is shown in Fig. 6 with frequency
along with simulated and reported experimental results [9] for a given value of antenna
dimensions. It is evidently clear that the proposed theoretical results are in close agreement
with t he r eported exper imental r esults how ever t here i s s light var iation i n t he s imulated
results.

The r adiation pattern for t he s tacked antennais gi ven inthe Fig. 7 f or di fferent
frequencies along with simulated results. It is found that the stacked antenna shows enhanced
radiation (6.57 dB higher) as compared to single layer patch antenna. However the stacked
patch ant enna s hows var iation i n m aximum pow er r adiation w ithin 1 dB w ith frequency.
Further it is noted that the stacked antenna shows improved directivity as compared to simple
patch.

—t Theortical
- Simlkated [

1 i ] 1 i i
1 1 I 1 I i
1 1 | 1 I
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24 26 28 3 37 ad 36 38
Frequency (GHz) Fraquency (GHz)
Fig. 4 Varaiion of VSWR with frequency for Fig. 5 Graph of VSWR verses frequency
different value of gap s, (h;= 35 mm, h»=5mm} (h;=4 mm, h=% mm, s=52 mm)
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A SUPER-RESOLUTION METHOD OF SOURCE RECONSTRUCTION
USING NEAR FIELD ANTENNA MEASUREMENTS
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ABSTRACT:

A computational technique based on near-field to far field transformation is
presented. This can be more versatile and accurate than the conventional
modal expan sions. The established method for near-field to far-field
transformation has been the modal expansion method. The primary drawback
of the technique is that when a Fourier transform is used, the fields outside the
measurement region area is assumed to be zero, particularly in the planar and
cylindrical cas e. C onsequently t he far-fields ar e accur ately det ermined only
over a particular angular sector which is dependent on the measurement
configuration. A's imple and accur atei ntegral equat ion s olution w hich
represents an alternate method for computing far-fields from measured near-
fields is p resented. The basicidea is to replace the radiating antenna by
equivalent el ectric and /or magnetic cur rents w hich r eside on a f ictitious
surface and encompasses the antenna. These equivalent currents are assumed
to r adiate i1 dentical fields as the or iginal ant enna i n t he r egion of i nterest.
Using the surface equivalence principle different types of the E-field integral
equation ( EFIE) have been devel oped. T he method of moments (MoM) has
been ut ilized t o t ransform t he i ntegral equa tion i nto a matrix one and the
conjugate gradient (CQG) procedure has been applied to solve it numerically.
Hence, this procedure is not limited by the Nyquist sampling criteria nor by
the pr esence o f evanes cent waves w hich m ay m ake source r econstruction
using current procedures unstable. Accurate far-fields over large elevation and
azimuthal ranges have been calculated from simple measurements based on
planar and spherical scanning.

INTRODUCTION:

Near field antenna measurements are widely used in antenna testing since they allow
for accur ate measurements of ant enna pat terns i n a cont rolled envi ronment. T he ear liest
works are based on t he modal expansion method in w hich the fields radiated by the test
antenna are expanded in terms of planar, cylindrical or spherical wave functions and the
measured near fields are used to determine the coefficients in the expansion [ 1-4]. Here, we
focus our attention primarily on planar near field measurements. A problem o f the planar
modal expansion technique is that the fields outside the measurement region are assumed to
be zero. T his as sumption results in a s ystematic error in the com putations involved in
planar modal expansion theory. If the measurement plane is of dimension LXL and the source
plane (the plane w hich encom passes the s ources) is of dimension DxD , then the planar

DRGNP PN |

~====5ion theory holdsuptoanangle 8 , whichis given by g= tan_l[(L -D)/2
wnere u 1s t he s eparation di stance bet ween t he two pl anes [ 5]. An al ternate method o t
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computing far-fields from measured nearfields has recently been expl ored [ 6,7] utilizing an
equivalent m agnetic current a pproach. This method utilizes the measured near field data
obtained on the L x L measurement plane to determine equivalent currents on the D x D
source plane w hich encompass all sources. These equi valent currents may then be us ed to
image the sources on the antenna if desired (for fault diagnosis) and al so to compute the far
fields. This is in distinction to the planar modal expansion method where the far fields are
computed first and then they are Fourier transformed to the source plane to image the sources
[8]. The objective of this paper is to demonstrate that the truncation error in the equivalent
current approach is smaller as one transfer the data from the measurement plane to the source
plane bef ore Four ier t ransforming it to com pute the far fields. Hence, the results for the
equivalent current approach should hold over a larger azimuth angle # than the planar modal
expansion method.

EQUIVALENT CURRENT APPROACH:

For the integral equation approach, a fictitious source plane is considered of the same
dimension as the measurement plane but translated a distance d towards the sources. So the
source plane is located at z =0 . As outlined in [7] an equivalent magnetic current of strength
2m is placed on the source plane at z =0 . The factor of 2 arises due to the application of the
equivalence p rinciple to a magnetic current radiating in the presence of a perfectly
conducting ground plane. On this source plane, we put fictitious magnetic currents. The basic
philosophy here is that if one knows the complex values of the magnetic currents on the
source plane, one can evaluate t he fields atthe measurement plane. Conversely, if the
measurement fields are known, then one can find the complex amplitudes of the magnetic
currents m put on the source plane mathematically.

Eeas,z = /fm 2m,, (', 4,2/ = 0) oG (r.r') dx'dy

oy o G (r, 1) kolF—7| 1
o 9G (r.v' oG (r,r') eIl NP
Emms.y — /f - 2m, (‘T"yf.zr — 0) w d;r'dy’ 52" - 4‘;’(‘? B _?,|2 (2 z ) Jko + |_F — T“’|

az'

where '|r — 1’| is the distance between the source point and t he field point. Observe
here, z=0 and z = d . Now if we take the two dimensional Fourier Transform of both sides,

[ Enea v,z = @) 949 dndy = 21, (k) G (0 )
thisresults in  //—ec where m’y
is the two dimensional Fourier Transform of the magnetic currents located at the source plane

and "¢ is two dimensional Fourier transform of the derivative of the Green’s function

= S AR I S Sy . . - . . _
G (ks ky,2,2') = ST el IVho ke =k g {./kotmkkyl} >0 Im{ koz—kﬁ—kyl} <0
w() .

In the transform domain, the derivative of the spectral Green’s function with respect
5 _
D Gk 5 ) = Ssgn (2 ) . .
to z yields: 92 2 where sgn(z) is the s ignum
0 (ko ky) = 2 emIdV/RoT—RT R
function. Since z=0and z=d 2 . Hence, it becomes clear

that

il VR K7k

’ . TN JE—
My (ke kyyz = d) = iy (kg yo2 = 0) e ?NVRETRT i G ke = d) = i (ke Ry, 2 = 0) e VR R

So i fthe i nformation on t he measurement p lane w ere avai lable, then t he i ntd SEARCH
equation approach is basically to transfer the measurement data to the source plane and then

take the Fourier transform to the far field. However, if the measurement plane is finite in size
thon tho teonsfer of the data from z = d plane to z = 0 plane utilizing the Fourier transfor==-
nue avvur awe 0€cause of the truncation error. Therefore we utilize an al ternate transformauon
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to go to the source plane. This alternate transformation is utilized in the integral equation
approach through the utilization of the Green’s function. Theoretically, this reduces the
truncation error problem introduced by the two dimensional Fourier transform.

When the measurement plane is finite in nature then the method of moments is
utilized to solved for m, and m, . The unknowns are replaced by elementary dipoles. This is a
good approximation as long as the source and the measurement planes are separated by a
wavelength (i.e. d = 1) [11]. Secondly, the use of dipoles eliminates the need for integration
of the matrix elements in the evaluation of the impedance matrix. The two decoupled

[Ermeas,z] = [Zyz] [my]
equations are then solved as matrix equations [6,7,11]: Ermcasy] = [Zel[ms] These
matrices can be very large. However the equations can be solved very efficiently utilizing the
FFT and the conjugate gradient method as outlined in [7]. Also the solution of the above two
equations are decoupled and the solution can be done simultaneously. Typically for 6400
unknowns for m, or m, the number of iterations taken to provide acceptable solution is about
10. Since per iteration, two two-dimensional FFT is computed, the integral equation method
is about 20 times slower than the modal expansion method for 6400 unknowns. Typically on
a PC this amounts to a few seconds of CPU time for the modal expansion method as
compared to several minutes of CPU time for the integral equation method to solve for the
unknown magnetic currents m, and m, at the source plane. Once these magnetic currents are
known, the far field can easily be computed utilizing the FFT.

APPLICATION TO EXPERIMENTAL DATA:

As an example, we consider experimental data for a microstrip array. This microstrip
array consists of 32x32 uniformly distributed dipoles over a 1.5mx1.5m surface. The
operating frequency is 3.3 GHz. The array is considered in the x — y plane. The x and y
components of the electric near fields are measured on a plane 3.24m x3.24m at a distance of
35cm from the array. There are 81x81 measured points at a distance of 4cm apart. This
planar near field data was provided by Dr. Carl Stubenrauch of NIST [10]. If the planar
modal expansion method is applied on the 81 x81 measured data points, the computed far

field will be accurate up to tan~'=(87/35)=68° [5]. The results obtained using modal

expansion method was compared with the integral equation method as outlined in [7]. In [7],
it was seen that the agreement between the two methods were good up to £60° and acceptable
in the rest of the elevation range.

Fig. 1 Amplitude of y component of Fig. 2 Amplitude of x component of meas‘__SEARCH
measured electric near-field for a 32 x 32 electric near-field for a 32 x 32 patch
patch microstrip array. microstrip array.
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To demonstrate that by transferring the measured data to a fictitious surface, we are
indeed reducing the truncation error, we take only 41x41 samples discarding 75% of the data.
Therefore, we are considering the data only over a 1.64m %1.64m measurement plane. By
observing the magnitudes of the two components of the electric field (namely Ey in Fig. 1
and Ex in Fig. 2. The amplitude of the normalization component for EX is 23.8 dB below that
for Ey ) it is clear that taking 41x41 points introduces significant truncation error if we were
to take the direct Fourier transform of the data in the conventional modal expansion method.
The Figs. 1 and 2 are for all the 81 %81 data points. Hence by considering only 41 %41 data
points in Figs. 1 and 2, one is incurring a large truncation error in the conventional modal
expansion method. If the modal expansion method is applied to the 41 x41 data points, the

calculated far fields would be accurate upto tan_1:(7/35): 11.3°. For the integral equation

approach, we consider a 41x41 m agnetic dipole array uniformly distributed over a
1.64mx1.64, surface at the z = 0 plane. From the 41x41 measured near-field sampled data,
we com pute the amplitudes o fthe 41 x41 magnetic d ipoles utilizing CGFFT [ 7]. The 2D
Fourier transform was then utilized to find the far fields. Fig. 3 provides E¢ (¢ = 0) utilizing
the m odal expansion m ethod with the original 81%81 points and the integral equation
approach with only 41 %41 data points. It is seen that for the two results agree till 40" and
beyond that the agreement is reasonable. Therefore, by reducing the data by as much as 75%
it is still possible to get reasonable results utilizing the integral equation technique. For this
case 41 x41 dat a points, the CGFFT m ethod t akes about 10-12 i terations t o pr ovide an
acceptable solution for the magnetic dipoles. Since the CGFFT method requires two 2D-FFT
per iteration, the CGFFT method is slower than the modal expansion method by a factor 20—
24 minutes as compared to seconds of the modal techniques. Fig. 4 provides Ey (¢ = 90°)
utilizing the modal expansion on the original 81%81 measured points whereas the integral
equation has been applied to the central 41 %41 points only. Again, the two curves agree till
+40° and the agreement is reasonable outside that region. These are the two principal planes
co-polar pattern. Next we look at the cross-polar pattern. Fig. 5 provides E, (¢ = 0") utilizing
the modal expansion on the 81%81 points and the integral equation approach utilizing 41x41
data points. Even though the cross-polar pattern is 40 db down, reasonable agreement is seen
upto +40°. Fig. 6 provides Ey (¢ = 90") utilizing the modal expansion and the integral equation
approach. Because this pattern is 60 dB down, the accuracy of both the methods are being
compared at a level which corresponds to the noise level. Even then, agreement is reasonable!

Limited experimentation utilizing experimental data illustrates that it is possible to go
beyond t he t runcation er ror i ntroduced by the m easurement pr ocess, by t ransferring t he
measurement plane to a source plane containing equivalent sources on a plane closer to the
source. I t is 1 mportant to p oint ou t thatt he i ntegral eq uation method is not cr eating
information that is not there in the measured data. The integral equation method has less
truncation error as the processing is different from the conventional modal expansion method.
Since the integral equation method is a model-based-parameter-estimation technique, it will
always provide hi gher r esolution than the conventional modal expansion method w hich is
FFT based.
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CONCLUSION:

The integral equation approach can provide a reduction of the truncation error caul SEARCH

cut for a 32 x 32 patch microstrip array using
planar modal expansion method (81 x81data
points) and equivalent magnetic dipole array

approximation (41 x41 data points).

by performing measurements on a finite plane. This is achieved by transforming and shifting
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the measured datatoap lane w hich is much cl oser to t he s ources. O nce t he equi valent
magnetic cu rrents ar e found on t he s ource pl ane, t he Fou rier t echniques can be us ed to
compute the far fields from t he m agnetic c urrents. So t he price one pa ys in utilizing t he
integral equat ion appr oach over the modal expansion method is that the integral equation
approach takes about 20-25 times more CPU time to produce the far fields for the same
number of data points. T his e stimate has be en obtained from the limited cases run in this
paper. However, the integral equation approach requires fewer measured data points than the
conventional modal expansion method to provide comparable numerical accuracy in the far
fields when applied to the same near-field data. So the total measurement time in the integral
equation method is1ess to a chieve equi valent nu merical accuracy in the far field result
compared to the conventional modal expansion method.
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INTRODUCTION

Dielectric resonator Antenna (DRA) has been an act ive area of research for the last
two decades . T wo exclusive books on D RAs [ 1], [2] have been published and al most al
relevant topics are discussed. Although in many cases, DRA is regarded as an al ternative to
microstrip patch, although its resonance mechanism, resonant modes and radiation
characteristics are t otally di fferent. O peration over a |arge frequency bandi s a co mmon
requirement. In recent years, one major wing in DRA research has been focused to exploring
different techniques to enhance the impedance bandwidth. Some are similar to those used in
microstrip antennas. Some approaches are completely new. Some techniques are application
based and s ome are based on DRA geometries. However, each t echnique has an i ndividual
philosophy or reason behind. Such a d iscussion was provided in an article by one of the
present authorsi n connection with describing the band width widening techniques of

microstrip antennas [3].
In this article, we intend to describe the techniques which have already been explored and demonstrated in open literature to achieve
wideband operation of DRAs. The techniques vary with the nature of radiation (broadside/oblique/monopole-like), polarization
(linear/circular) and application (wireless/GPS/EMI/Satellite/Ultra-wideband). All possible types and examples will be discussed in
short.

THE TECHNIQUES

The basic approaches and the practical way to implement those are shown below:

Approach How to implement Example
Lowering Q Using low dielectric constant material
value .
Cutting slots [4]
Removing material by shaping a DR [5], [6]
Matching of Metal strip/tape on DR surface excited by a probe [4]
input impedance . . — . .
Feeding by microstrip line with matching network [71-[9]
Using shaped aperture/slot as feed [10]
Using parasitic metal strip or DR [11],12]
Multiple Using multiple DRs in stacked/embedded configuration [13], [14]
resonances
Using optimized shaping of single DR [15] @RCH
Using DR-metal hybrid structure [16]
Using DR-feed hybrid structure [17]
Using DR-DR composite structure [181,[19
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BROADBAND MONOPOLE-TYPE DRA

Monopole-like DRA was conceived using centre-fed ring resonator [20], [21]. A
hybrid geometry has been investigated recently as an ultra wideband antenna [22], [23]. This
is a combination of an electric monopole and a dielectric ring resonator as shown in Fig. 1. A
single antenna is demonstrated to operate over a frequency range covering GSM to UMTS or
PCS to WLAN. This hybrid DRA is of very sleek configuration and is ideal for desktop or
any hidden application.

One r ecent des ign us es f our-element pl anar ar ray of ¢ ylindrical D RA’s [ 18] and
exploits the symmetry of the dominant HEM ;4 mode in the composite structure to generate
symmetrical oblique radiation pattern, like a simple monopole. A prototype is shown in Fig.
2. N early 29% i mpedance ba ndwidth ( S;;<-10 dB ), w hich i s app roximately doubl e t he
normal bandw idth of ane lectrical monopole has been a chieved. T he optimum D RA
dimension appears to be approximately 0.6 1o by 0.1 lo. This new antenna designed for any
wireless band | ike, W LAN or PC S will be hi ghly suitable for hiding under al ow pr ofile
planar structure or for indoor ceiling mount applications.

Another composite DRA structure recently investigated as a wideband monopole-like
radiator is shown in Fig. 3 [24]. This employs newly introduced half-hemispherical shape of a
dielectric resonator. Two half-hemispherical DRA segments, one being directly excited by a
coaxial probe are apparent from the photograph. About 35% impedance bandwidth with 5
dBi peak gain and 99.08% radiation efficiency is achieved from an antenna measuring nearly
0.5 I by 0.2 I, I being the wavelength corresponding to the center of the operating band.
This high-efficiency is a significant factor that makes DRAs superior compared to metallic or
printed wireless antennas, commercially available at present.

BROADBAND DRA FOR WIRELESS APPLICATIONS

Inverted L-shaped triangular [5] and cylindrical [6] geometries are demonstrated to
operate over four w ireless b ands ( DCS, PC S, U MTS an d W LAN). T hey em ploy t he
dominant HEM mode with lower effective p ermittivity and radiates along the broadside of
the s tructure. The shaped cylindrical DRA investigated in [6] is shown in Fig. 4. Similar
results are also available for triangular DRA [5]. Although they are volume wise little bulky,
but from the efficiency point of view, about 20% improvement is apparent if compared with
the microstrip variants.

BROADBAND CIRCULARLY POLARIZED DRA

There is also some interest in using circularly polarized (CP) antennas for wireless
communication. A comb-shaped CP-DRA has recently been proposed with single probe
excitation [4]. This shows a simple as well as compact DRA geometry that can operate over
nearly 4% axial r atio bandw idth (<3dB) with about 3.5 d Bi peak ga in. The exper imental
investigation has been performed using a prototype with small size ground plane (~0.910).

CONCLUSIONS

We have t ried t o p rovide a very br ief s ketch of bandw idth w idening t echniques

explored s o far fort he D RAs. A few ex amples a re de scribed bas ed on t he firsth[SEARCH
experience of the present authors. Various geometries, related analysis and applications Wi

be presented in more details.
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ABSTRACT

Microwave T ubes came into prominence around W orld War — II, when Pulse
Magnetrons w ere s ubstantially us ed f or RADAR S ystems. T hereafter, ot her devi ces | ike
Klystrons, B ackward-wave O scillators, C rossed Fi eld A mplifiers; T raveling W ave T ubes
were invented and used in various systems. As the C onventional M icrowave T ubes have
limitations of fabrication at higher f requencies par ticularly be yond 100 G Hz due tothe
smaller geometries of components, another class of device known as Fast-wave Devices has
come into prominence, w hich can be us ed up t o very high frequencies and up t o very high
power 1l evels. I nt he ar ea of C onventional M icrowave T ubes ( Slow-wave D evices),
significant enhancement in their performance capabilities has taken place in terms of
achieving very high powers (1.0 MW CW) with very high efficiencies (~ 70%), extremely
large bandwidth (~ 3 octaves), reliable performance and long life (15 — 20 years). This has
mainly been po ssible due t o (i) advent of sophisticated 3-D CAD tools (ii) better anal ytical
concepts and design methodologies (iii) micro-fabrication t echniques and avai lability
sophisticated e quipment (iv) availability of high current de nsity cathodes and hi gh ener gy
magnets (v) av ailability of special materials, cer amics and their co mposits and ( vi) bet ter
thermal management of devi ces ( vii) gr owth of t echnologies. M erger of vacuu m an d
semiconductor technologies is the need of the future particularly for devices in THz range.

Apart from the convent ional appl ications o f't hese devi ces i n var ious sectors I ike
defence, space, atomic energy, industries, health etc., newer application areas requiring very
high power (1.0 MW CW)up to very high frequencies {70 GHz) are emerging. They
include ( 1) A ccelerator D riven Sub -critical S ystem ( ADSS) of D AE (ii) International
Thermonuclear Experimental Reactor (ITER) Programme with participation of seven
countries including India (iii) SST-II and National Fusion Programme of DAE (iv) Linear
Accelerator Pr ogramme o fD ICT ( SAMEER) f or B i0-medical A pplications ( v) Sp ace
Programme of ISRO requiring transponders at various frequencies.

All above programmes mentioned at (i) to (iv) require very high power (1.0 MW CW)
devices in the frequency range of 350 MHz to 170 GHz and all of them have very long-range
applications.

To cater to above National needs CEERI has undertaken a major programme with the
support of CSIR for design and development of very high power (~ 250 kW C W) and high
frequency ( 120 GHz) devices. While CEERI is the nodal agency, four other sister
laboratories of C SIR nam ely C GCRI, K olkata; C MERI, D urgapur; N PL, N ew D elhi; and
CSIO, Chandigarh are participating in this programme which has an outlay of Rs. 4.
crores. Another m ajor m ulti-institutional p roject w ith the s upporto f DST has been
undertaken by CEERI as the nodal laboratory. Other participating organizations are I'T, BHU,
Varanaqi- IIT(R), Roorkee; SAMEER, Mumbai; and IPR, Gandhinagar. The mandate of this
_____ign and development of 42 GHz, 200 kW (CW) Gyrotron, a fast-wave devic.. ...

r—"J°- "
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addition t o abo ve multi-institutional pr ogrammes C EERI ha s under taken n umber o f ot her
sponsored projects from DAE, DRDO, DICT and ISRO relating to conventional Microwave
Tubes. CEERI has also formal collaboration with international agencies as well as with other
academic agencies in the country.

In addi tion t o or ganizations m entioned ab ove, M TRDC, an R &D L aboratory o f
DRDO has been working on hi gh power Gyro Devices as well as on other HPM devices in
collaboration with B ARC, Mumbai; D AVV, Indore and o ther or ganizations. They are also
engaged i n des ign and devel opment of ot her C onventional M icrowave T ubes and hav e
developed them successfully particularly for Defence. BEL, Bangalore is the only prestigious
Public Sector Undertaking in the country for productionization of these devices. They have
close collaborations with CEERI and MTRDC in the area of Microwave Tubes.
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INTRODUCTION:

The wireless revolution led by the development in mobile communication has led to
the ever i ncreasing demand for capacity-enhancing techniques such as microcells and
adaptive antenna t echnology which call for realistic directional channel models. Most
wireless connectivity is via non-line-of-sight paths that experience multipath propagation.
Such wireless channels experience degradation from fading gains and changing phases.

Multipath pr opagation isa f undamental and capaci ty-limiting p roblem w hose
mechanism must be thoroughly understood in order to design efficient wireless systems. It is
now widely recognized that the (semi-) empirical propagation prediction models used for the
planning and opt imization o f convent ional, m acrocellular net works ar e not s uitable i f
microcells or adaptive antennas are deployed [1].

The com plex nature of ur ban microcellular and i ndoor pi cocellular envi ronments
makes it necessary to take into account the geometrical and electromagnetic properties of the
different obs tacles exi sting w ithint he propagation environment. After r eflection a nd
scattering, diffraction is an i mportant mechanism, and var ious di ffraction theories are often
used to explain multipath propagation phenomena in mobile environments [2].

Keller’sG TD[ 3]: 1 san
extension of GO that accounts for
diffraction p henomenon. L ike  1pcident ray
geometrical op tics it as sumes t hat

Curved surface

light t ravels al ong cer tain s traight — g Or
curved | ines ¢ alled rays. B utit

introduces various new ones, Diffracted rays

called diffracted rays, in addition to

the usual rays.

The bas ic “pos tulate”i n
Keller’s G TD and i ts ex tensions uni form as ymptotic t heory (UAT) of di ffraction [ 4] and
uniform theory of diffraction (UTD) [5] is that at high frequencies or short wavelengths
diffraction is a locally determined phenomenon, that is, the diffracted field is determined by
the local properties of the incident field and the diffracting obstacle at the point of diffract’
This postulate underlies the idea of “canonical” problems such as the problem of diffra
by a hal f-plane, an i nfinite w edge etc., that are, simpler problems (possibly per mitting an
exact solution) which have the same local features as the diffraction problem at hand.
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W
The H alf-plane pr oblem:
When the incident wave is normal to the
edge of t he s creen, t he di ffracted SCREEN
wave is cylindrical with the edge as its

axes. /<

When the incident ray is
oblique to the edge, the resulting
diffracted wave is conical.

Half plane diffraction: W

Incident

— . x

Figure : Field diffracted by half plane

Incident electric field is assumed to be an uniform plane wave with
phase referred to origin of the form given as below.

Einc — e—jk(ysinJ—XCOSJ)%
Eref — _e—jk(ysinJ+XcosJ)%
Ediff — DEinCr—l/2e—jkr

Where
e—Jp/4

D sec%(j—W)msec%(j+W)]

= _+[
2+/2pk sin b

e -sign when E"fc is parallel to edge or soft B.C. or Dirichlet B.C.
e +sign when H" is parallel to edge or hard B.C. or Neumann B.C.
* Here b is the angle between the incident ray and the edge which in this case is: p/2.
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However Keller's GTD fails at the incident and reflection shadow boundary transition
regions. The main variants of GTD overcoming this failure are the UTD and the UAT.

UNIFORM THEORY OF DIFFRACTION:

Observation Point
'z

6-«'_”:9 [

Plane of diffraction [ g, B ]

i)
é/ Source Point
Ray Fixed coordinate system

Consider a ray incident on the edge of a perfectly conducting wedge. The diffracted field in
matrix form can be written as
[E] = [D] [E A(r) exp(-jkr)

where [E'] and [E'] are column matrices consisting of the scalar components of the
diffracted and i ncident fields respectively. [ D] is a s quare matrix of the appropriate s calar
diffraction coefficients, and r is the distance from the wedge edge t o the observation point
and A(r) is a spreading factor. Now in general [E"] will have three scalar components E°r |
E‘f, E%2 when edge fixed coordinate system is used. [ D] in this case will be three by three
matrix. However, w hen ray-fixed coor dinate s ystem is used, there is no com ponent of the
diffracted field i n t he di rection of t he di ffracted r ay t ube s ince t he incident field is n ot
allowed to have a component in the direction of the incident ray tube. It follows that there are
only two possible components of the diffracted field, Edg and E*f, and on ly two components
of the incident field, E'y and E'F. Clearly [D]is a two by two matrix. In this case [ D] has
nonvanishing terms on the main diagonal. T hus for plane wave incidence in the ray-fixed
coordinate system:

6EZ (s)U
PN
eE, (9)

D, 0 (éE .«
0 ue (Q)u As)e"!

-D, 1¢E1 Q)

Thus t he r ay-fixed coor dinate s ystem 1is t he nat ural coor dinate
system to be used for wedge diffraction. A compact dyadic diffraction coefficient is used for
scattering of electromagnetic waves incident on edges formed by perfectly conducting curved

or planer surfaces
SEARCH
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Where (2-n)p,isthe wedge angle, n=2 for half p lane, ' and T arethe angleof
incident ray and diffracted ray with the plane respectively and

22npN* - (F+f)0

c ;

a*(f+jf)=2cos’ :
é 2 g

Where N7 are the integers, which most nearly satisfy the equations,

@QnpN")-(jxF)=p and (QnpN)-(F+xF)=-p
With

F(X) = szelx - EXP(- jit?) dt

where the spatial attenuatlon factor A(s) is defined as

il U
:—S for, plane, cylindrical :
AS) =T, 172 y
'|'e S u T
86— for,spherical,incidence..
Fés(s +9)q b

APPLICATION OF GTD TECHNIQUES:

GTD t echniques have been appl ied ext ensively t o pr oblems of r adiation a nd
scattering. Some examples of these are: horn antennas in [6-8], radar cross section in [9] and
propagation in [2]. In [6 — 8] the horn was modeled as a dihedral corner reflector with parallel
plate wave guide modes or with line source excitation to accurately predict the horn radiation
pattern. I n [9] it was shown proper application of GTD coul d be useful in predicting
scattering from curved plates. GTD and its extensions have proved to be a powerful tool in
solving radiation and scattering problems. Current developments in GTD is driven by the
requirements of mobile communication, leading to efficient urban environment ray tracing
algorithms and t owards di ffraction coef ficients t hat addr ess t he p roblem di ffraction b y

obstacles like imperfectly conducting buildings, vegetation etc.
SEARCH
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TO METAMATERIALS AND ACTIVE RCS REDUCTION

Dr.Rakesh Mohan Jha
Computational Electromagnetics Lab. (CEM Lab.)
Aerospace Electronics and Systems Division (ALD)

National Aerospace Laboratories (NAL-CSIR)

Bangalore 560017 India
Email: jha@nal.res.in

ABSTRACT:

The analysis of antennas and EM wave propagation for aerospace applications
is distinct from that of the classical antenna analysis which is often done in the
free-space envi ronment. I n t he cas e of aer ospace appl ications, el ectrically
large s catterers ar e f requently pr esent,a nd cannot bei gnored. T his
presentation starts with high-frequency scattering and di ffraction phenomena,
and the ray tracing approach to unifying the various EM performance
parameters such as the mutual coupling, radiation pattern and the radar cross
section (RCS) of aerospace bodies. The G eodesic Constant Method (GCM),
which is an anal ytical t hree-dimensional ray tracing t echnique, is di scussed
w.r.t. the evol utionary trends in advanced EM applications for aerospace
engineering. Further the examples of conformal arrays facilitated by the GCM
and airborne radomes are also discussed.

The emerging trends of metamaterials for radomes, and the active RCS
reduction for a erospace appl ications, a re di scussed. T his is enabl ed by the
extension of ray tracing app lications. This talk is primarily based on the
author’s work reported in open literature. Y et another motivation for this talk
is to de scribe the current activities of the CEM L ab., and f inally draw the
attention of t he audi encet owardsas imple but cont emporary r esearch
problem.
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