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Dear friend,

It is nice that you are planning to attend the Antennas and Propagation
Symposium (APSYM 2006) at Cochin University of Science and Technology
- Department of Electronics. I welcome you warmly to this important event.
“APSYM 2006” is the 10" one in the series, which we started in 1988. A
chronological listing of the earlier APSYMs is given below.

Sixty four papers are scheduled to be presented during APSYM 2006. The APSYM 2006 organising
committee has planned an excellent technical programme with fifteen invited talks by eminent scientists in
the field from India and abroad. This time a special European ACE session has been planned, in which
Scientists from different parts of Europewill be talking on the latest developments in the field of Microwaves.

In order to provide online access, the information about the advance programme is also available
in the website www.doe.cusat.edu/apsym.

Chronology of APSYMs

SLNo.  Symposium Dates of Number of Number of
Symposium papers invited talks

1 APSYM-88 Dec. 15- 17- 1988 42 2

2 APSYM-90 Nov. 28-30- 1990 51 10

3 APSYM-92 Dec. 29-31-1992 91 2

4 APSYM-94 Nov.17-19-1994 75 6

5 APSYM-96 Nov.01-02-1996 42 2

6 APSYM-98 Dec.15-16-1998 57 1

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

8 APSYM-2002 Dec.09-11-2002 84 10

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

10 APSYM-2006 Dec.14-16-2006 64 16

11 APSYM-2008 Dec.10-12-2008 Scheduled

Proceedings of the earlier symposia are available with Organisers of APSYM 2006 and
those who are interested may please contact the Organisers.

Wishing you all a warm welcome once again and hoping very fruitful discussions in the
sessions. .
Cochin - 22 /@/

December 01, 2006 Prof. K.G. Nair

CREMA,CUSAT
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Design of an Elliptic CPW Ultra-Wideband Antenna

R_K. Arya, Ramesh Garg, FIEEE

Department of Electronics and Electrical Communication Engineering

Indian Institute of Technology Kharagpur, Kharagpur- 721302, India
Tel: +91-(3222)-283522, Fax: +91-(3222)-255303, E-mail: garg@ece iitkgp.emet.in

Abstract — 1In this paper, we propose a CPW fed
ultra-wideband (UWB) It ists of an
elliptic disc embedded in an elliptic slot. The
antenna design procedure and simulation results are
presented.

Index Terms — Ultra-wideband antenna, elliptic
CPW antenna, CPW feed.

L. INTRODUCTION

In UWB communications systems, antenna is the
most  important component. Low  power
consumption dictates the antenna to have good
retum loss within 3.1 to 10.6 GHz. The major
work in UWB antenna had started with three
dimensional antennas (such as hom antenna. bow-
tie, log-periodic, volcano smoke and biconical
antenna) and later on tumed to planar antennas
due to ease of mamufacturing and compatibility
with ICs. While many antennas for UWB
applications have been reported. the design
methodology is still not clear although there are
some attempts |1].

Our design methodology starts  with  the
investigation of an optimized UWB anienna
reported in [2]. First we have tried to understand
the functioning of given antenna and with the
insight of this antenna, we designed an antenna
with FR4 substrate and the new design verifies the
design approach.

The optimized antenna consists of an elliptic disc
embedded 1n an elliptic slot with 26=11mm and
2a=17mm for the disc. It is fed by a 50 ohm
microstrip line. The ground plane underneath the
disc is etched with an elliptic slot of semi major
and minor axis A=13mm and B=12.3 mm
respectively. The slot and the patch are separated
by a substrate with & =7.8 . h=lmm and
1and=0.002. The centres of the disc and the slot

CREMA,CUSAT

are displaced with respect to each other by 3.9
mm.

Micrertrp Tramezwrnon L Randiting B
A1 ;

(a)

/_a—'—’_'_:T'_‘—‘—\-\_\_
i i
! Eua

P
\.
7 = i \
§ Ll | | Empra @ \
i

R 5 Z

\

(c)

Fig. 1 Configuration of planar UWB anienna
(units in mm) [1] (a) top layer and (b) boitom
layer (c) top view of the disc and slot (nol lo
scale).
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II. ANALYSIS OF OPTIMIZED ANTENNA

The principal reason behind the use of elliptic
resonator is the existence and excitation of
various modes in the UWB. For this, analytical
expressions for cut-off frequencies of various
modes in an elliptic hollow waveguide are
available [3]. These are used to determine the cut-
off frequencies for resonant modes in the elliptic
disc and slot. These values are compared with
direct simulations in Table 1. The discrepancy
between the two sets may be due to the effect of
fringing fields and the effective dielectric constant
being different for different modes and from &,
of the substrate. However, the number of modes
provided by the two analyses are comparable. It is
due to this large number of modes generated by
the disc and slot that the geometry is wideband.

This optimized antenna was simulated with CST
Microwave Studio. The simulated return loss and
radiation patterns matched with those reported in
[2]. The simulations were also carried out by
varying the feed gap and the A value of slot. It
was found that 0.3mm gap between the ground
plane and the disc was optimum for return loss
greater than 10dB over the bandwidth. The value
of A was adjusted so that the lower edge
frequency matched with 3.1GHz. It was observed
that 2b was nearly equal to A, /4 and 24 should
be nearly equal to 4, /2, where 4, corresponds
to the wavelength in the substrate at the lower
edge frequency.

III. CPW ANTENNA

With the optimized dimensions known for an
UWB antenna, we designed our own antenna on

FR4 substrate with &, =4.3, #=1.58mm and

tand=0.02. For this, we scaled the dimensions as
follows

a'=a 78 and B'=B /E Q)
43 43

where primed values correspond to the CPW
antenna and unprimed for the antenna described
earlier. The ellipticities were optimized for
designed return loss and found to be 0.71 for the
disc and 0.55 for the slot.

CREMA,CUSAT
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Fig. 2 Configuration of planar CPW fed UW
antenna (units in mm)

S-Parameter magnitude in dB

Frequency / GHz
Fig. 3 Return loss versus frequency for CPW fed
UWRB antenna of Fig. 2.

The feed position of the UWB antenna is very
critical for the desired return loss. We have
selected a CPW feed and the slot width at the
feed point corresponds to 1000hm impedance, and
in this case the slot width is 0.3mm as shown in
Fig. 2. This slot width fixed the off-centering of
the disc from the slot by ( B '— b'— slot width).

Fig.3 shows the simulated return loss versus
frequency. It is seen that the antenna has more
than 10 dB return loss from 2.5 to 11 GHz. Fig. 4
shows the simulated radiation patterns for this
antenna at 3, 6 and 9GHz. We observe that at
lower frequency the antenna behaves like a
monopole antenna. This antenna has nearly omni-
directional pattern as required for UWB
applications.

-16-
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V1. CONCLUSION

In this paper, an optimized UWB antenna is

investigated and the effect of various parameters

is studied for better design. We have presented a
general methodology for designing the antenna,

which could be useful for the CPW UWB antenna.

The simulated return loss and the radiation
patterns are reported with nearly omni-directional
radiation patterns over 3.1-10.6 GHz.

Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.
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Table 1

RESONANT FREQUENCIES FOR VARIOUS MODES IN ELLIPTIC DISC AND SLOT

Computed resonant Simulated Computed resonant Simulated
frequencies for resonant frequencies for resonant
unloaded elliptic disc frequencies unloaded elliptic slot | frequencies in
(a=8.5mm, h=5.5mm, in UWB (@=13mm, b=12.3mm, UWB Band
Mode | £=7.8) Band Mode £~=1.8) (GHz)
(GHz) (GHZ) (GHz)
TM,,, 3.75 3.14 TEo 4.01 3.78
3.61
TMe 6.77 4.00 5.26
4.45
TM.o1 10.75 5.00 TEcos 5.33 6.64
5.58
™ 56 6.12 8.01
TMg, 7.88 6.65 TEg, 6.26
7.13 9.41
TEco1 6.28 7.65 TM.o1 3.48
8.2
TE, 8.91 8.78 TM,, 5.44
9.33
9.88
TEq), 10.97 103 TMg1, 5.36
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Fig. 4: Simulated radiation patterns for the antenna of Fig. 2
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Vertex Truncated Ultra Wideband Printed Triangular Monopole Antenna

K. P. Ray “and Y. Ranga'”
(1) SAMEER, IIT Campus, Powai, Mumbai, India, 400076, E.mail: kpray@rediffmail.com

Abstract: A microstrip-fed printed monopole configuration of
vertex truncated equilateral triangular patch has been studied,
which gives ultra wide impedance bandwidth ratio of 12.4:1 for
voltage standing wave ratio of 2 and over 23:1 for voltage
standing wave ratio equal to 2.7. Experiments have been
carried out to measure bandwidth and radiation patterns of this
ultra wideband printed monopole antenna, which tally well with
simulated results.

Introduction: The demand for printed monopole antennas are increasing for ultra wideband
(UWB) technology because of their compactness, low cost and simplicity to integrate them
with printed circuit configurations. Various shapes of these antennas have been reported,
which yield ultra wide bandwidth. A printed circular monopole antenna (PCMA) has been
reported to yield large bandwidth from 2.78 to 9.78 GHz for voltage standing wave ratio
VSWR <2 [1]. A printed inverted cone antenna is also reported to yield ultra wide bandwidth
performance of over 10:1 for VSWR< 2 with improved omni-directional radiation pattern [2].
Among the different triangular monopole antenna (TMA) configurations, a strip line fed
printed equilateral TMA (PETMA) is reported to give 2.1 to 3.0 times bandwidth as
compared to that of a simple strip monopole with reduction in height of 0.63 times [3].
Similarly, a coplanar wave-guide fed TMA has been reported for ultra-wideband operation
[4]. Another printed triangular monopole antenna, which is fed by microstrip line, has been
reported to give large bandwidth from 4 to 10 GHz for the VSWR < 3, with almost omni
directional radiation pattern in H plane [5]. Very recently, a small size PTMA topology has
been reported, wherein wide bandwidth has been obtained by adding slots in the antenna
structure [6].

In this paper, a simple compact configuration of vertex truncated PETMA has been
proposed for very large bandwidth. The theoretical study of this configuration has been
carried out using HP high frequency structure simulator (HP HFSS) three-dimensional
electromagnetic simulator [7]. Very wide bandwidth obtained using proposed configuration
completely covers wide communication channels like DCS1800 (1.71-1.88 GHz), DCS1900
(1.85-1.99 GHz), WiBro (2.3-2.39 GHz), GSM (900-1800MHz), UMTS (1885-2200 MHz),
WCDMA (1.92-2.17 GHz), DMB (2.605-2.655 GHz) and UWB (3.1-10.6 GHz) [8].

Vertex truncated printed equilateral triangular monopole antenna: Normal vertex fed
PETMA, is investigated first. The height of the PETMA is estimated from the formulation
given for planar monopole antennas equating its surface area with that of a same height
equivalent cylindrical monopole antenna, to cover the lower band edge frequency of 900
MHz [9, 10]. The bandwidth of 1607 MHz for VSWR < 2 is obtained for vertex fed PETMA
when designed on glass epoxy substrate with dimension 9.0 cm x 9.0 cm, &.= 4.4, h = 0.159
cm and fand = 0.02. It has been noted that for vertex fed PETMA, multiple loops are formed
in the input impedance plot but the impedance variation is very large swinging from very
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high impedance to low impedance in the Smith chart resulting in not very large bandwidth. It
is similar to an equilateral triangular microstrip antenna, where the impedance at the vertex is
very high at the resonance frequency corresponding to fundamental mode [10].

When it is fed at vertex, there will be large impedance variation between various modes of
the equilateral triangular microstrip antenna. So, it is expected that if the sharp vertex of the
PETMA is truncated off partially, the input impedance of the antenna will reduce and the
loops will be formed in the lower impedance region in the Smith chart, leading to less
variation of input impedance at various modes yielding wide bandwidth. The modified
(vertex truncated) PETMA fed with a microstrip line is shown in Figure.1 (a). The effect of
shifting the feed-point x away from the center of the truncated width on the bandwidth is
investigated. The feed point is moved away from center in the step of 1.0 mm and bandwidth
of the configuration is noted. Input impedance loci in the Smith chart for two values of x; 0
and 4.0 mm are shown in Figure 1(b). It is observed that when feed point is moved away
from center, loop size reduces and smaller loops in the impedance loci are formed. This is
because for the off-centered feed, the impedance variation amongst higher order modes is
reduced. It is observed from Figure. 1 (b) that for x = 4.0 mm, the complete input impedance
loci, starting from lower frequency of 0.80 GHz to 5.0 GHz is insidle VSWR < 2 circle
yielding very large bandwidth. This modified PETMA was fabricated using FR4 substrate, as
mentioned above and measurements were carried out for input VSWR and radiation patterns.
The measured and simulated input VSWR of optimized vertex truncated PETMA
configuration in the frequency range of 0.50 to 20.00 GHz is compared in Figure. 2.

69.3

-

il 0.8 1.0

22
1.59 i i
>+

—

ta
=N

h e

1 4.0+—

A : -
FRa substrate T microstrip ?eed line bottom ground L
top ground plane (a) (b)
Figure. 1 (a) Vertex truncated printed triangular monopole antenna, (all dimensions are in
mm), (b) Impedance variation of a vertex truncated printed triangular monopole antenna for
microstrip feed at the x=0 and #***+*+* x=4.0 mm

The measured and theoretical plots of VSWR are in good agreement. This configuration
yields ultra wide bandwidth. The measured bandwidth for the VSWR < 2 is from 0.86 to
10.70 GHz against the theoretical values of 0.800 GHz to 9.86 GHz. Both measured and
theoretical bandwidth extends up to 20 GHz if the input VSWR up to 2.7 is tolerated. This
leads to very large band width ratio of measured value of 12.4:1 in comparison with the
simulated value of 12.3:1 for VSWR < 2, the corresponding frequency ratios are 23.9:1 and
25:1 respectively for VSWR < 2.7. The radiation pattern of the proposed vertex truncated
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PETMA was simulated up to 12 GHz. Measurements of radiation patterns in both the planes
are carried out at two frequencies; 1 GHz and 5 GHz and are compared with simulated
radiation patterns in Figure. 3. Figure. 3 (a) and (c) compare the elevation radiation patterns,
whereas Figure. 3 (b) and (d) compare the azimuthal radiation patterns

10.00 | ‘ ‘ |
.00

Simulated
Y0 N ‘N S I — S— — T Measured_|

700 =1

ﬁ"' I sl
100 \_./"’ % :‘C-r"'bﬁz)(r)k/ \'\)’C&N T

Ch1: Stant 500.000 MHz — Stop 20,0000 GHz

Frequency (GHz)

Figure. 2 Simulated and measured VSWR plots of vertex truncated printed equilateral
triangular monopole antenna

Figure.3 Radiation Pattern at (a) 1 GHz elevation pattern (b) 1 GHz azimuthal pattern (c)
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5 GHz elevation pattern (d) 5 GHz azimuthal pattern simulated measured.
There is agreement between the measured and simulated radiation patterns. Minor deviations
between two are because of reflections from near by objects in the laboratory. At lower
frequencies upto 3 GHz, azimuthal radiation patterns are close to omni directional, whereas
in elevation it is figure of eight because of very small ground plane. At higher frequencies,
radiation patterns in both the planes remain similar to those at lower frequencies with more
variations in elevation plane. In the azimuthal plane maximum dip is about 16 dB in higher
frequency range. Cross-polar levels are 15 dB down as compared to corresponding co polar
levels upto 5 GHz, which becomes only 4 dB down at 12 GHz.

Conclusions: Study of printed vertex truncated equilateral triangular monopole antenna that
gives larger bandwidth than any other reported printed monopole antenna configurations has
been investigated for UWB applications. The measured bandwidth ratio of the proposed
configuration is 12.7:1 for VSWR < 2 and 23.9:1 for VSWR < 2.6, which tally well with the
simulated results. The radiation patterns of this antenna are similar to that of a corresponding
cylindrical monopole antenna. Vertex truncated PETMA yield larger bandwidth and
completely covers all the communication channels like DCS1800, DCS1900, WiBro, DMB,
GSM, UMTS, WCDMA and UWB.
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A Capacitive Feed Technique for Microstrip Patch Antennas with Ultrawide Bandwidth
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Abstract: A new feeding technique is proposed here for wideband operation
of rectangular microstrip patch antennas. This method is based on
capacitively coupling the radiator with a very small feed patch. We have
demonstrated nearly 43% impedance bandwidth for antennas on stacked
air-dielectric substrate with only one metal layer above the ground. This
method is equally useful for other patch geometries.

Introduction: Microstrip patch antennas have several advantages such as low cost, low
profile, light weight, and are easy to fabricate. In addition, these antennas are conformal and
hence can be easily incorporated into any mobile system. Based on these characteristics
microstrip antennas are increasingly preferred for wireless personal communications
applications. In this context, as newer wireless standards become popular, the demands on
antennas are also bound to increase.

It is widely known that the use of microstrip antennas is often limited by its low
radiation efficiency and small bandwidth. Several schemes have been suggested to improve
the bandwidth of these antennas, including the use of (i) stacked dielectric arrangement,
usually with multiple metal layers; (ii) slots of various shapes on the patch [1]; (iii)
meandered probe feed [2], or (iv) capacitively-coupled feed [3, 4]. While some of these were
indeed easy to fabricate, they do not offer enough bandwidth required in several applications,
and/or result is large size for the patch. Stacked arrangements with multiple metal layers
often require a laborious precise assembly. The meandered probe, on the other hand would
be extremely difficult to fabricate by standard procedure. Adding capacitive patches along
radiating edges of the patch result in a larger footprint for the antenna.

Narrow bandwidth has been a major disadvantage of microstrip antennas in practical
applications. Several modifications of microstrip antennas have been employed for the
present-day wireless communication systems, where the required operating bandwidths for
antennas are about 7.6% for a global system for mobile communication, 9.5% for a digital
communication system, 7.3% for a personal communication system. One such bandwidth
enhancement technique uses coplanar directly coupled and gap-coupled parasitic patches [5].
This antenna has a compact configuration such that the antenna size is minimized.
Experimental results show that, with the use of an inexpensive FR4 substrate such an antenna
can have an impedance bandwidth of about 12.7% [5], which is far higher than that of a
direct-driven antenna. In another work [6], a novel and broadband semi-disc MSA has been
designed. Using new bandwidth enhancement and size miniaturization methods, this small
antenna is shown to have a broad impedance bandwidth of 32.4% (1.86-2.58GHz), which is
used to provide the antenna with multiple frequency band operation. In yet another MSA
design by Guo et al. [7], several other techniques including the use of high dielectric
substrate, short circuit and shorting pin are used to miniaturize the antenna. In this case, two
antenna patches were used to provide dual band operation.
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Compared to these bands of operation, the WiMAX is a new radio technology that
supports high-speed data transfers and enables the personal area networking industry to
greater quality of service. As this standard evolves, signals may be transmitted between 3.1
GHz and 10.6 GHz at power levels up to —-41 dBm/MHz. The data rate over UWB can range
from 110 Mbps at a distance of 10 meters up to 480 Mbps at a distance of 2 meters in realistic
multi path environments, while consuming very little power and silicon area. However these
links do not use the entire 7.5 GHz band to transmit information, but a specific minimum
bandwidth of 500 MHz at a -10 dB level. Yet, for antennas to be used in this application, it is
preferred that they operate in as much of the bandwidth as possible. This therefore calls for
ultra wideband antenna designs. Antennas with fractional bandwidth greater than 0.25 are
typically considered ultrawide band.

The proposed antenna configuration on the other hand has a very small feed patch
(strip) which is in the same plane as the radiator patch, and is coupled capacitively to it. An
airgap is provided between the substrate and the ground plane for enhanced bandwidth. A
similar feed arrangement has been proposed earlier for an annular ring antenna [8] and
rectangular patch [9]. However the length of the feed strip was comparable with the radius of
the radiating ring, and the bandwidth was only about 20% in the first case [8]. In the second
case this was about 26% [9] even with an air gap of 15Smm. In the proposed configuration the
bandwidth is above 40% for the patch geometries studied. The asymmetry in radiation
characteristic caused by the presence of the feed patch is marginal at most frequencies of
interest. Preliminary experimental results show good agreement with numerical simulations.

Antenna Configuration: The geometry of the proposed antenna with a capacitive feed and
stacked dielectric is shown in Fig.1. This antenna consists of two patches. The larger patch
works as the radiator and the smaller patch serves as a feed patch which couples the energy to
the radiator by capacitive means. The radiator patch has dimensions of length (L;=15.5mm)
and width (#;=16.4mm). The feed patch has been optimized for dimensions length
(L,=1.158mm) and width (#>=3.72mm) and a distance (4=0.5mm) between the patches.
These patches are on a microwave laminate from Rogers Corp. USA (dielectric constant = 3.,
loss tangent = 0.0013, thickness 4= 1.56mm.) The dielectric is placed at a height 4, = 6mm
above the ground plane (dimensions 150 x 150mm?). The pin of the SMA connector is
extended to reach the feed patch and is soldered there.
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connector

Fig.1 Geometry of a rectangular patch antenna with a new capacitive feed arrangement.

Experimental Results: The performance of the proposed antenna configuration was
simulated and optimized using IE3D (version 11.15). A prototype was fabricated and tested

CREMA CUSAT -24-

.} Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

for S;; using Agilent PNA (N5230A) and radiation pattern in an in-house microwave
anechoic chamber. As shown in Fig. 2, the measured S;; is better than 10dB (VSWR<2) for
frequencies in the range 4.34 to 6.74GHz. This corresponds to a percentage bandwidth of
43%. The slight difference between the simulated and measured results may be attributed to
the infinite ground plane assumption in the simulations and fabrication inaccuracies. The
antenna gain is above 5dBi in the frequency band mentioned above. The measured radiation
patterns of the proposed antenna are plotted at several indicative spot frequencies within this
band and are shown in Fig. 3. The cross polarization level at the boresight is very low, but
degrades at other angles. The E-plane radiation patterns of the antenna are symmetrical at all
frequencies, but there is a small asymmetry in the H-plane patterns, particularly at higher
frequencies within the region. The backlobe radiations are less than -20dB within the
frequencies. Similar performance has also been obtained for other patch configurations such
as triangular and semi-elliptical patches where the feed patch is located parallel to the straight
edge.

Conclusions: We have presented a feed arrangement for an ultra wideband microstrip patch
antenna configuration that is simple to construct and easy to adapt for various patch
geometries. Simulated and measured results indicate that the proposed antenna has a wide
impedance bandwidth of 43% (S11<-10dB) and has low backlobe radiation. The antenna
gain is better than 5dBi in the band of interest. Radiation patterns at all frequencies within
the band are similar, but the cross polarization level needs further investigation. Further
experimental characterizations of the antennas are presently going on to extend the bandwidth
even further. With these, the antenna can be used for emerging ultra wideband (UWB)
applications. Investigations are going on with other patch geometries including fractals. We
are also working on an analytical model for this type of feed mechanism to better understand
the antenna performance.
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Fig.2 Experimental validation of the wideband characteristics of the antenna.
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Fig.3 Normalized radiation pattern (measured) of the ultra wideband antenna at selected
frequency points. . H-plane co-pol.,, E-plane co-pol., E-plane cross pol.,
H-plane Cross pol.
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Abstract Conformal mapping method (CMM) is used here for the analysis
of microstrip line with finite strip thickness. CMM is a simple technique and
can yield closed-form design equations. CMM results are compared with the
results based on boundary element method.

Introduction: Planar transmission lines, like the microstrip and CPW, form the basic
building blocks of many microwave hybrid and monolithic integrated circuits (MICs) [1].
Both these transmission lines have been studied using various approaches over the years [1-
3]. In most of these studies, the metallization thickness is considered to be infinitesimally
small to reduce the complexity in determining the characteristics of the line. Full-wave
analysis [2-3] have also been used, but are often complex and do not give the electrical
parameters in a CAD-friendly closed form. Wheeler [4] and Goano et. al., [5] have presented
the finite metallization thickness effect on planar lines using CMM, but some of the details
are not available in the work.

In this paper, we focus on presenting the details of the CMM procedure to take into account
the finite strip thickness of microstrip line. The geometry under consideration is shown in
Fig. 1.

ho G

h &

Fig. 1. Microstrip geometry under consideration.

Theory: The conformal mapping procedure involves the transformation from one plane to
another. When used with regard to planar transmission lines, it can transform a complex
geometry into a simpler geometry, from which the characteristic impedance and effective
dielectric constants can be determined easily. In the CMM, the microstrip geometry is
divided along the dashed line AA’. The total capacitance of the geometry consists of partial
capacitances contributed by the air and dielectric regions, i.e.,C, =C,+C,, where C, is the

capacitance of the dielectric region and C, is the capacitance due to the air region. The strip

thickness is included in the air region. For determining the characteristics of line, another
capacitance Cy;- is also computed, where C,;, represents the capacitance per unit length with
dielectric replaced by air. Using these capacitances, the characteristic impedance and
effective dielectric constants can be obtained as follows
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The conformal mapping procedure for C, is well documented and is given by [6]
K(k)
K'(ky)

where, K'(k)=K(k'), k, =tanh(z a/(2h)) and k, =4/1-k? . In this paper we lay emphasis on the
conformal transformation of the air-region of microstrip geometry.

C, =2¢¢,

@

The air region and the corresponding mappings to obtain a parallel plate capacitor are
depicted in Fig. 2. Symmetry in the geometry is considered and hence only one-half of the
air-filled region is used.

z-plane
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Fig. 2. Mapping of the dielectric and air-regions into a parallel plate capacitor.

The polygon in Fig. 2(a) is mapped on to the real axis and the upper-half of the w-plane as
shown in Fig. 2(b). This transformation is done using the following mapping:

_ i (w—wj3)
Z_ij/w—mxw—wn(w—ws) dreb )

0
where, 4 and B are constants. Here, B = 0, as zs; = 0 is mapped into ws = 0. Conformal

mapping procedure allows us to choose three nodes [7]. We use w3 =1, w; = o0 and we = -0,
(Fig. 2(b)). Thus, eq. (3) can be rewritten as:
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B w (W—l) B w
Z_AI\/(w—w2>(w—w4><w> = [P v @

0

This expression is applied to the various dimensions of the air region, i.e.,
Wy
— jhy = A IF(W) dw
0

wy

=4 |F(w)d
a ‘;!. (w) dw )
_jt=4 IF(w) dw
Eliminating 4 from these equations gives
Wy 1
a. F(w)dw - .[F(w)dw =0
—Jhy 0 X
Wy
; " (©)
o F(w)dw— J.F(w)dw =0
09 1

Egs. (6) are non-linear equations, and are solved to determine w, and w4 numerically. For
this we used Newton-Raphson method [8] and Gauss-quadrature integration, with the initial
guess such that wy > 1 and 0 <wy < 1.

Having determined values of all the mapped points in w-plane, we do the final transformation
from the w-plane to the 7-plane as shown in Fig. 2(c). The transformation used is

" 1
= I\/ S T g

0

which maps the upper half of the w-plane and the real axis to the interior of #-t4-f5-t-t2. The
capacitance for this region can now be expressed as

K(ky) )

K'(ky)

C, =2¢g,
where, ky =[1-w, /w, .
Thus, the total capacitances are given by:
C, =C (e, )+C, and C,, =Cy (e, =1)+C, 9)
Results: Table 1 compares the characteristic impedance of microstrip line obtained using

CMM, and boundary element method (BEM) [9]. It may be observed that there exists some
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difference in the final values. This can be due to the assumption of magnetic wall boundary
condition at the air-dielectric interface, which may not hold good in the true sense especially
when 4 # hy. Further, the present study was conducted for microstrip with no lateral shielding
and that in [9] is based on shielded microstrip line.

Tablel: Comparison of Z, obtained using CMM and BEM [9]
(h=1mm, hp= 1.5k, t = 0.05 mm).

a/h & =2.65 £=9.6
2091 | Zs [CMM] | 5 [9] | Z, [CMM]
0.25 | 103.5 105.8 61.5 61.8
0.50 | 76.0 78.2 44.5 453
1.0 | 50.5 52.3 29.0 30.1
1.5 | 38.5 39.3 22.0 22.6
2.0 | 285 31.3 16.5 17.9

Conclusions:

A detailed procedure for implementing conformal mapping for microstrip line with finite
metallization thickness is presented. The results obtained match closely with those available
in literature. Further study is needed to characterize shielded microstrip and other planar
structures like coplanar waveguide and coplanar strip geometries.
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A New Feed Technique for Microstrip Ring Antennas and its Application in
Multi-Ring Multi-band Antennas

Arpan Pal, Subhrakantha Behera and K.J. Vinoy*,
Microwave Laboratory, ECE Dept., Indian Institute of Science, Bangalore 560 012
*Email: kjvinoy@ece.lisc.ernet.in

Abstract: In this work we propose a new feed scheme for microstrip ring
antennas that enables a systematic approach for the design of multi-band
antennas. Discontinuities in a feeding transmission line have been designed
to make it couple the energy to the ring at the resonant frequency. To
validate the concept, an antenna with three rings have been fabricated and
characterized. It has been observed that, by this approach, the combination
of three ring antennas operate in the same three bands as the individual
rings (if these were to operate separately). The antenna showed reasonable
bandwidth in each of the bands, good cross polarization rejection and has a
gain of about 5.5 dBi at all the bands of interest. ~Furthermore, the
harmonics of the lower resonant rings are filtered out by the nature of the
feed arrangement.

Introduction: With the wide proliferation of wireless systems and the trend to incorporate
multiple functions into a single terminal, the design of multi-functional mobile terminals has
come to the forefront of research and development. This requirement of increased
functionality within a confined volume places a greater burden in today’s transmit-receive
systems. Antennas that operate in several frequency bands and that can be integrated on a
package for mass-production are high in demand. Many of these applications are for personal
communication systems and hence have the additional requirement that the antennas be small
and conformal. The microstrip antenna is widely accepted as one of the best suited to fulfill
these demands.

In the present work, we investigated ring antennas as these have the potential of being
extended toward multi-band operation as several concentric rings could be used in an
antenna. Indeed Song et al have reported one such configuration of multi-ring monopole
antenna [1]. However this configuration is not conformal. Ring antennas are usually excited
either with capacitive strip for wideband operation [2] or with patches or rings in other layers
of a stack [3]. Neither of these feed configurations can excite multiple concentric rings
simultaneously. It may be recalled that popular feed schemes in (solid) patch antennas are
not preferred for ring antennas [4, 5].

A tri-band antenna consisting of ring-slot and a coplanar waveguide feed has been
reported in [6]. But slot antennas usually require larger real estate. In yet another study,
using concentric annular rings for dual band microstrip antenna, the second ring was placed
within the first ring, each ring operating in the TM,, mode.

In contrast we propose here an out-of-plane capacitive feed arrangement for the ring

type microstrip antenna. By adjusting the dimensions of the capacitive strip on the open
circuited microstrip transmission line in layer beneath the radiating patch optimum coupling
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to the radiator can be achieved. An air layer is provided between the dielectric layers with
the microstrip line and the radiating ring to improve the bandwidth and the coupling. In this
work we demonstrate the usefulness of this feed scheme to design square ring antennas.
However it must be pointed out that this scheme can be extended easily for rings of any other
shape, including fractals.

Proposed Feed Structure and its Optimization: The proposed antenna structure has three
layers: two dielectric layers of RO 3003 (g, = 3, tand = 0.0013, thickness = 1.56mm) and an
air gap between them, suitably adjusted to maximize the antenna performance. The dielectric
layer at the bottom has a microstrip transmission line patterned on one side of this (with
copper ground on the other side). The antenna configuration is shown in Figure 1. The feed
microstrip line has a discontinuity introduced purposely to affect line characteristics as well
as couple energy to the radiating ring. We used a rectangular strip as the discontinuity.

[ Feed microstrip line

Figure 1. Schematic of the new feed scheme for the ring antenna

For operation as a single band antenna at 3.5GHz, the outer dimension of the square
ring (width = 1mm) is found to be 16.8 mm. The feed microstrip line has a rectangular patch
at its end, having dimensions width = 1.6mm, length = 7.6 mm. An air gap of 0.5mm
between the dielectric slabs has been found to give the best results.

Application of the New Feed Scheme for Multi-band Antennas: Based on the algorithm
described in Section II, we have redesigned single band antennas for 2.4 GHz and 5.78 GHz.
For consistency we have taken uniform air gap of 0.5 mm and ring width of 1 mm at all
bands. Other geometrical parameters are compared in Table . We now combined the above
designs to form a single tri-band antenna. The ring dimensions are kept as is, but to account
for the mutual interaction, the dimensions of the feed strip are adjusted using IE3D
simulations. The proposed tri-band antenna configuration is shown in Figure 2.

Results & Discussion: EM simulations show that the resonant frequencies of these antennas
do not change when these antennas are combined (Figure 3). Furthermore, resonances due to
the excitation of higher order modes in the single band antennas have disappeared in the
multi-band design. Therefore we can conclude that this antenna configuration ensures
dominant mode excitations in all resonance bands. This is further verified using the radiation
patterns, which are also unaltered while combining the rings. The antenna also showed
reasonable gain characteristics. The values of boresight gain at the resonant frequencies of
the antenna are listed in Table II.
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| Dielectric substrate

Feed microstrip line

Figure 2. Schematic of the new feed scheme for the triband antenna

Table I Geometric parameters of single

band antennas for various bands 0

Parameter | 2.4GHz | 3.5GHz | 5.78GHz 5 Wr

Ring 23.7 16.8 10.4 5

dimension %’“’

(mm) S5

Width of 1.6 1.6 1.7 £

feed strip g2

Length of | 11.4 7.6 9.8 25

feed strip

(mm) -30 T 1 T
1.5 25 35 45

Frequency (GHz)
Table I1 Gain of the triband antenna [===Inner ring (5.8GHz) - Middle ring (3.5 GHz) — Outer ring (2.4GHz) — Three rings|

obtained using ADS simulations

Figure 3 The simulated return loss characteristics

grzfquency (GHz) SZT (dBi) of the three single band antennas along with that
35 507 of the tri-band antenna.
5.78 6.52

The tri-band antenna has been fabricated and characterized using a vector network
analyzer. The measured S11 is shown in Figure 4. These results verify that the resonant
frequencies of these antennas differ only marginally compared to simulations. The shift may
be due to the infinite ground used in simulations and/or slight inaccuracies in assembling two
layers of dielectric substrates. The radiation pattern taken in the anechoic chamber is given
here. Here we have taken the co and cross polarization patterns in the E- and H- planes of the
antenna. The E-plane is aligned with the length of the feed strip. The radiation patterns are
plotted at the three resonant frequencies and are given in figure 5.

Conclusions: In this work we proposed a new feed mechanism for ring type microstrip
antennas. It has been observed that the combination of the three rings does not affect the
resonant frequencies of the individual rings. Only a slight change in the feeding structure was
required for combined multiple rings. Furthermore, the harmonics of the lower resonant
rings are filtered out by the feeding arrangement. Due to the unique feed arrangement, the
antenna also showed a cross polarization level better than -20dB. The tri-band antenna also
shows acceptable radiation characteristics and has a gain of above 5dBi. This prototype
antenna is designed to operate in the ISM and WiMAX frequency bands. It may however be
pointed out that this feed scheme may be easily adapted for other situations that require
multi-band operations. We suspect this may be the first systematic approach to realize

CREMA,CUSAT -33-



.-.-lﬁﬁii Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

conformal multiband antennas. The limits on the relative bands are currently being
investigated.

Figure 5 Measured radiation patterns of the triband antenna.

i ™

220 4

Return Loss (dB)
=
—]

-25

-30
2 25 3 3.5 4 45 5 55 6 6.5

Frequency (GHz)

Figure 4 The measured return loss characteristics of the tri-band antenna.

H-plane co-pol.,

E-plane co-pol., E-plane cross pol., H-plane Cross pol.

References

C.T.P. Song, P.S. Hall, H. Ghafouri-Shiraz, “Multiband multiple ring monopole
antennas,” IEEE Trans. Antennas Propagation, vol. 51, No. 4, pp. 722-729, 2003.

G. Mayhew-Ridgers, J.W. Odondaal and J. Joubert, “New feeding mechanism for
annular-ring microstrip antenna”, Electronics Letters, vol.36, pp.605-606, 2000.

P.M. Bafrooei, L. Shafai, “Characteristics of single- and double-layer microstrip
square-ring antennas,” IEEE Trans. Antennas Propagation, vol. 47, No. 10, pp. 1633 —
1639, 1999.

R. Garg, V.S. Reddy, “Edge feeding of microstrip ring antennas,” IEEE Trans.
Antennas Propagation, vol. 51, No. 8, pp. 1941 — 1946, 2003.

A. Bhattacharyya, R. Garg, “A microstrip array of concentric annular rings,” ,” IEEE
Trans. Antennas Propagation, vol. 33, No. 6, pp. 655-659, 1985.

J.-S. Chen, “Triple-frequency annular-ring slot antennas fed by CPW and microstrip
line, IEEE Antennas and Propagation Society International Symposium, 2003.

CREMA CUSAT -34-

CREMA,CUSAT

.} Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

RESEARCH SESSION 11

MICROSTRIP ANTENNAS 11

o
L

20 mm _
t

£ 1
E - 1l
SN

i |

pd

6Tzt | e T zie et ]

-35-



) o
Cooouoonog
[ [ ad | ||
| MY VA
BhEELACEEE

CREMA,CUSAT

Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

-36-

December 14, Thursday
(3.00 p.m. - 4.00 p.m)

RESEARCH SESSION 11
MICROSTRIPANTENNASII

Chair: Prof. S.N. Sinha
IIT, Roorkee.

1. A Novel Axially Symmetric Electromagnetic Band Gap

(EBG) Structure for the Performance Enhancement of
Printed Antennas

Manish Jain and Sachendra N Sinha

Department of Electronics & Computer Engineering, Indian
Institute of Technology, Roorkee-247667. E-mail: sn_sinha@ieee.org.

. Compact Stacked C-slot microstrip antenna in

suspended configuration

Ravi M.Yadahalli, R. M. Vani*, K. Usha Kiran, P. V. Hunagund and
S. F. Farida*

Department of Applied Electronics, Gulbarga University,
Gulbarga-585 106. *University Science Instrumentation Center,
Gulbarga University, Gulbarga-585 106. *Department of Electrical
Engineering, Salt Lake, Community College, UTAH-84130, USA.
E-mail: prabhakar_hunagund@yahoo.co.in

3. Band Notched square monopole antenna for UWB

Systems

Gopikrishana M, Deepti Das Krishna, Anupam R.C. and Aanandan
CK.

Department of Electronics, Cochin University of Science and
Technology, Cochin- 682 022. E-mail: aanand@cusat.ac.in

4.Modified U-slot loaded Rectangular Microstrip

Antennas

Amit A. Deshmukh and G. Kumar

Department of Electrical Engineering,
I. I. T. Bombay, Powai,Mumbai-400 076.
Email: amitdeshmukh76@yahoo.com

. Electronically Switchable Compact Microstrip

Antenna with Triangular Slots for Dual port operation.

Deepti Das Krishna, M.Gopikrishna, C.K. Aanandan, P
Mohanan and K Vasudevan.

Department of Electronics, Cochin University of Science and
Technology, Cochin-682 022. E-mail: aanand@cusat.ac.in

CREMA,CUSAT

.} Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

39

43

47

51

55

-37-



LA A

A fElNas | 1
wlllIR NS
MEERACEEE

CREMA,CUSAT

Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

-38-

B acmmm -roceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

A Novel Axially Symmetric Electromagnetic Band Gap (EBG) Structure for
the Performance Enhancement of Printed Antennas

Manish Jain and Sachendra N Sinha
Department of Electronics & Computer Engineering
Indian Institute of Technology Roorkee, Roorkee-247667

Abstract—A novel electromagnetic band-gap (EBG) structure having a cross-like shape is
investigated. This structure has an extremely compact size. Several application examples
have been considered which include the reduction of mutual coupling between printed
antenna elements, replacement of the PEC ground plane with an EBG ground plane for a
low profile wire antenna design, and to achieve uni-directional radiation from a slot
antenna by backing them with an EBG surface, instead of the conducting reflector.

I. INTRODUCTION

In recent years, there has been a growing interest in utilizing electromagnetic band-gap (EBG)
structures in the electromagnetic and antenna community. The EBG terminology has been
suggested in [1] based on the photonic band-gap (PBG) phenomena in optics that are realized by
periodical structures. These Electromagnetic band gap (EBG) [2] structures provide frequency
bands (so-called band gaps or stop bands) in which waves cannot propagate in the materials. This
paper focuses on a novel cross-like EBG structure. Compared to other EBG structures such as
dielectric rods and holes, this structure has a winning feature of compactness which is important
in communication antenna applications. Its band-gap features are revealed in two ways: the
suppression of surface-wave propagation and the in-phase reflection coefficient. The feature of
surface-wave suppression helps to improve antenna’s performance, such as, increasing the
antenna gain and reducing back radiation [3]. Meanwhile, the in-phase reflection feature leads to
low profile antenna designs [4], [S].

II. CROSS-LIKE EBG STRUCTURE
The schematic of the proposed cross-like EBG structure is shown in Fig. 1. Gray parts represent

the metallic periodic structure which is etched on a dielectric substrate. The patch is connected to
the solid lower ground plane by a metal plated via.

Fig. 1. Three dimensional view of the proposed EBG structure

CREMA,CUSAT -39-



LA A

WAL T
E=H2Hgﬁii Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

For the measurement of band gap, the configuration shown in Fig. 2 was simulated on IE3D. The
array was built on a 1.27mm thick substrate with the relative permittivity of 10.5. The
dimensions of the EBG surface are shown in Fig. 3 and the computed transmission coefficient
(S21) is shown in Fig. 4. A distinctive stop band is observed with the central frequency of 5.45
GHz. The frequency range with S;; below -30 dB extends from 4.5 to 6.4 GHz.

<> gap

EBG patches

g o S
| 24.5mm / |

Co-axial feed

Fig. 2 Measurement of bandgap Fig. 3. Three elements of EBG

s, (dB)

Freq(GHz)

Fig. 4. Band gap calculation using the setup shown in Fig. 2
III. APPLICATIONS

A. Mutual Coupling Reduction: In order to demonstrate the capability of the proposed EBG
structure to reduce the mutual coupling between patch antennas, five columns of cross-like EBG
patches were inserted between the E-plane coupled patch antennas, as shown in Fig. 5. The patch
antennas were designed at a resonant frequency of 4.86 GHz with dimensions 9.4 mm x 7 mm
and the distance between the centers of the antennas was 30 mm (0.5A4 3¢ GHz). The resonant
frequency 4.86 GHz falls inside the EBG band gap so that the surface waves are suppressed. The
simulated mutual coupling results are shown in Fig. 6. Without the EBG structure, the antennas
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show a strong mutual coupling of -16.65 dB. When the EBG structure is employed, a 13.14 dB
mutual coupling reduction is achieved at 4.86 GHz, which proves that the surface wave is
suppressed.
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Fig. 5. Microstrip antennas separated Fig. 6. Return Loss and mutual coupling of

by the EBG structure E-plane coupled antennas

B. Low profile wire antenna design: This application utilizes the reflection phase feature of
EBG surfaces; when plane waves normally illuminate an EBG structure, the phase of the
reflected field changes continuously from 180° to -180° versus frequency. The operating
frequency for this experiment was chosen to be 5.27 GHz. A dipole of length 0.45 A and radius
0.003X\ was placed 0.083A above the EBG ground plane of dimensions 1A x1A. The EBG ground
plane has been fabricated on a grounded substrate of thickness 0.022A, thus making the overall
height of the dipole 0.105A. For comparison, same dipole 0.105A above a PEC ground plane and
in free space has been considered.

o T T T T

> =
és ace
oA i

5.0 51 5.2 53 5.4 5.5 5.6 5.7 5.8
Freq(GHz)

Fig. 7. Return Loss of the dipole antenna over the PEC, Free space and EBG ground planes
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Fig. 7 compares the return loss of the dipole antenna over a PEC, in free space, and above an
EBG ground plane. The input impedance is matched to a 50-Q line. With the PEC surface as the
ground plane, the return loss of the dipole is only -9.32 dB. This is because the PEC surface has a
180 reflection phase, so that the direction of the image current is opposite to that of the original
dipole. For the case when the dipole is placed in free space, it has a return loss of -15.46dB. The
best return loss of -29.85 dB is achieved by the dipole antenna over the EBG ground plane. The
radiation patterns showed an improvement of 5 dB in front-to-back ratio in the case of EBG
ground plane as compared to PEC ground plane. Thus, a considerable reduction in the antenna
profile can be obtained.

VI. CONCLUSION

In this paper, a novel cross-like EBG structure has been investigated. The simulated results of
the EBG structure show a band gap from 4.5 GHz to 6.4 GHz. It has been demonstrated that the
proposed structure can be used for mutual coupling reduction between patch antennas and the
reduction of antenna profile. For the later case, the example of a dipole over a ground plane has
been considered. Similar reduction in the profile of a cavity-backed slot antenna has been
achieved with the use of the EBG surface, although the results are not included here for the sake
of brevity.
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Abstract: Antenna miniaturization plays a vital role in the design of modern
personal wireless systems. In this paper, a compact stacked microstrip patch
antenna (MSA) with embedded with C shaped slot on the lower (driven)
patch is proposed and studied to miniature the size & enhance the bandwidth
at the same time. Earlier experimental work utilizing dual C shaped slot have
achieved a bandwidth of 5.4% and a frequency reduction of 15%. However,
the proposed antenna resonates at 3.368 GHz, which is lower than that of
the conventional stacked MSA (5.75 GHz) i.e., a frequency reduction of
41.42% is obtained. Also the antenna has a bandwidth of 7.4% centered on
3.368 GHz with a gain of 6.76 dBi.

NTRODUCTION

Although a microstrip antenna has several practical advantages, like low profile and
ightweight, a single patch antenna has low gain and a narrow bandwidth. It is well known
hat a multilayer structure is a useful method to improve these problems. By stacking a
yarasitic patch on a fed patch, an antenna with high gain or wide bandwidth can be realized
1]. These stacked configurations, though provide high gain and wide bandwidth, have
:xcessive size for the wireless personal applications. Additional effort is needed to reduce
ictual geometries to obtain miniaturized designs. Several minimization techniques have been
eported to reduce the size of the planar antennas. These techniques can be classified in 1) use
f high permittivity substrate; 2) use of magnetic substrates; 3) increase electrical length; 4)
hort circuits; 5) superstrates and 6) combination of them [2]. Although significant work has
een done to reduce the size of planar antennas, little attention has been given to size
eduction of stacked microstrip antennas.

Consequently, our work focuses on developing antenna geometry small enough to be
:asily accommodated in mobile communication terminals and devices. The miniaturized
mtenna presented here consists of two stacked, air-filled, square patches resonating at two
lightly different frequencies, fed by a strategically positioned coaxial probe. This design is
ichieved by cutting a C-shaped slot in the lower patch (driven patch). All the antennas have
yeen simulated using IE3D simulation software [3]. For the simulation of all the antennas, an
nfinite ground plane has been assumed.

It has been reported that small dual-C slot printed antenna achieves a 15% reduction
n resonant frequency and has 10 dB return loss bandwidth of 5.4% [4]. The proposed
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antenna, incorporating a strategically placed C-slot on the driven element, provides more
reduction in frequency in comparison with small dual C-slot printed antenna and has more
bandwidth & gain, when compared to it.

ANTENNA DESIGN

The patch geometry is presented in Fig.l. The antenna consists of two square
conductors with dimensions L; x W; and L, x W, etched on substrates of dielectric constant ¢,
& &2 (8,1 = &) and thickness d; and d,. Substrate 1 is backed with a ground plane. The lower
patch is embedded with a suitably placed C-shaped slot and is driven by a coaxial feed of
radius ry, located at a distance x away from the center of the lower patch. This feed is attached
to a connector through an opening in the ground plane.

There are thus nine variables for optimization L;, W;, L,, W>, &, di, d>, r9 and x. Here,
we wish to examine the size reduction and dependence of the antenna bandwidth & gain on
the choice of the distance ds, d; and recording the optimum solution as a function of this
choice. Hence, seven variables remain same for each optimization

Patch 1
L2 L2
<+ — > A
T [ ]
W2 L, Patch 2
d2 &

‘) % ’ d; & GND

Wy ~

(@) (b)

Fig. 1: Geometry of the compact stacked square microstrip antenna with a C- type slot
(h=1.59 mm, g,;=¢€,=43,d;=1mm, d>=1mm, L;=W;=24.5 mm, L,=W,=25
mm, [;=22.25 mm, wy=21 mm & t;=1 mm) (a) Top view, (b) Side view

EXPERIMENTAL RESULTS

Our experiment began with conventional stacked patch antenna consisting of two
square patches of different dimensions, fabricated in glass epoxy substrate with ¢, = 4.3. This
yields a resonant frequency of approximately 5.75 GHz and bandwidth of 900 MHz. The
thickness of the substrates 4 chosen in the above experiment is 1.59 mm. Later a C-shaped
slot is introduced in the lower patch of the stacked microstrip antenna as shown in the Fig.1
and when the antenna is excited, it resonated at a frequency of 2.579 GHz, which is lower
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than that of the conventional stacked microstrip antenna. However, the bandwidth of the
antenna decreases to 1.94%. To improve upon the bandwidth of this antenna, an air gap d;=1
mm 1is introduced between the two layers and is varied by 2 mm & 3 mm. By optimizing the
air gap d;, an antenna with broadband and higher gain as shown in Table 1 is obtained.

Further, an air gap d. is introduced between ground and lower substrate in addition to
air gap d/=1 mm. As a result, both the fed and parasitic patches are in suspended
configuration. Initially the air gap d; is kept 1 mm and corresponding measured bandwidth is
7.4%. With an increase in d; from 1 mm to 3 mm, the coupling decreases and hence, the
bandwidth decreases from 7.4% to 6.24%. However, the gain increases with an increase in
the air gap d,. i.e., it increase from 6.76 dBi to 7.48 dBi and by increasing d; further, the gain
of the antenna can be increased. Therefore, depending upon the wide BW or high gain
requirement, the air gap d; between the bottom patch and ground plane can be chosen
accordingly.

As noted from Table I, a variation in d, between the lower patch and ground can affect
the performance of the antenna in different extents. For our proposed antenna, the measured
resonant frequency is 3.368 GHz and hence, the corresponding bandwidth is 7.4%, while the
gain is enhanced to 6.76 dBi. This is shown in the Return loss Characteristics of Fig.2. The
measured bandwidth of the proposed antenna is slightly decreased but there is an increase in
the gain.

The proposed antenna present radiation pattern which remains in the broadside
direction throughout the bandwidth. The radiation patterns show an acceptably low value of

cross polarization and hence this type of antenna is useful in mobile communication devices.

Table 1: Simulation results of compact stacked c-slot microstrip antenna in suspended

configuration.
Resonant Return | Band | Gain
Antennas frequency Loss width | (dBi)
(GHz) (dB) (%)
Conventional Stacked antenna
5.75 -29.28 15.65 | -11.35
Stacked MSA with C-slot
(d>=d;= 0 mm) 2.579 -11.54 1.94 1.1
Stacked MSA with C-slot
(d=1 mm, d;=0 mm) 2.737 -34.03 9.13 3.5
Stacked MSA with C-slot
(d=2 mm, d;=0 mm) 2.737 -17.87 6.21 3.94
Stacked MSA with C-slot
(d=3 mm, d;=0 mm) 2.737 -15.36 5.12 4.26
Stacked MSA with C-slot
(dy=1mm,d;=1 mm) 3.368 -21.4 7.4 6.76
Stacked MSA with C-slot
(dy=1mm, d;=2 mm) 3.526 -19.25 7.09 7.3
Stacked MSA with C-slot
(d>=1mm, d;=3 mm) 3.526 -15.9 6.24 7.48

CREMA,CUSAT -45-



[ i (]|
OOODMOO0O0
[inegs
i{gﬁii Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.

dB[S(1,1)]

0.0 - - [ 100

-2.5 o \-/ -\-\-\- - - -25

7.5 - —H-7.5
-10.0 - -10.0

o)

© 8
-12.5 - -12.5
-15.0 - -15.0
-17.5 +H-17.5
-20.0 - -20.0

-
22.5 T T T T T T T T T T T 22.5
06 09 1.2 1.5 1.8 21 24 27 30 3.3 3.6 3.9 4.2

Frequency(GHz)

Fig. 2: Return loss characteristics of the proposed antenna
CONCULSIONS

The proposed antenna provides a frequency reduction of 41.42 %, which is more than
that provided by the small dual printed antenna C-slot. Also it provides wider BW of 7.4%
and higher gain of 6.76 dBi in comparison to small dual printed antenna C-slot.
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5GHz WLAN band notched square monopole antenna for UWB systems
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Abstract: An ulfra wide band (UWB) antenna with band notch
characteristics is presented. The proposed antenna is a planar square
monopole with a modiified ground plane and two narrow slifs efched
symmetrically with respect fo the feed point. The design exhibits a 2:1
VSWR bandwidth from 3 fo17 GHz in which the 5.15-56.825 GHz
JEEEB02.11a and HIPERLAN/2 band has been notched. The radiation
patterns are omni directional with a reduced gain in the nofched bana.

Introduction: Ultra Wide Band (UWB) systems transmit and receive information coded ultra
short electromagnetic pulses with very low power levels. This scheme of wireless
transmission occupies a bandwidth of more than 25% of a centre frequency or more than 1.5
GHz and is one of the most promising solutions for future communications systems due to its
high data rate and excellent immunity to multipath interference. There are mainly three types
of UWB systems specified by Federal Communications Commission (FCC) with different
technical standards and operation restriction; vehicular radar systems, communication and
measurement systems and imaging systems, to be contained between 3.1 —10.6 GHz. To
avoid this extremely wide operating bandwidth from hampering any existing electronic
systems, the emission limit is to remain within -43.3 dBm/MHz [1]. In general, there are two
ways to limit the radiated power density to conform to the standard mask set by FCC, either
by designing the antenna as a filter to suppress the unwanted radiation in a specific band or
by selecting a source pulse meeting the specified emission limit. In the present work, we
adopted the former technique to design an UWB antenna that will notch out the IEEE802.11a
and HIPERLAN/2 (5150-5350/ 5725-5825 MHz) bands from its spectrum of operation.
Many researchers have come out with different methods for realizing frequency notch; using
parasitic patches [2, 3], using a fractal slot in the ground plane [4] or by incorporating slot
type split ring resonators [5] in the antenna. The proposed technique utilizes two narrow slits
of approximately A,/4 in length to get the required notch, which makes the design very
simple.

Antenna Design:Details of the proposed UWB antenna is shown in Figure 1. The structure
consists of a monopole excited by a microstrip feed line. Here, the lower edge of the band is
determined by the overall length of the element and the upper edge by the feed gap. Matching
in the overall band is obtained by modifying the ground as shown. Two perpendicular slits
are symmetrically cut along the lower edge of the square patch to produce high impedance
giving a frequency notch. A detailed parametric study by varying the length of the slit (1),
distance of the slit from the feed (d) and slit width (t) is carried out in Ansoft HFSS and the
results are shown in Figure 2. It shows that the notched frequency can be tuned by varying 1,
width of the rejection band by varying d and the VSWR by t.
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Figure 1 Geometry of the proposed antenna.

The optimized design parameters for getting ultra wideband performance with a rejection
band centered at 5.5 GHzare 1. d, t, a, b, g, g = 10 mm, 6.35 mm, 0.3 mm, 34 mm, 13 mm,
0.5 mm, 1.1 mm. The prototype was realized on RTDuroid 5870 substrate having dielectric
constant 2 33 and thickness 0.8 mm.
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Figure 2 Simulated VSWR plots (@) variation with slot length (1), d = 6.35 mm, t = 0.3 mm
(b) variation with distance of the slot (d) | = 10 mm, t = 0.3 mm (c) variation with slot width
(1), =10mm, d =635 mm.
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Experimental results VSWR and radiation measurements of the proposed antenna were
performed using HP 8510C VNA. The plot given in Figure 3 indicates a 2:1 VSWR
bandwidth from 3 to 11 GHz with a notch at 5.5 GH. The band notch at 5.5 GHz can be
attributed to the narrow slits functioning as 2 shorted transmission line having an electrical
length of approximately A4/4 at 5.5 GHz, offering infinite impedance at the feed location.
Even though a single slit gives the required band notch, use of symmetric slits provides
undistorted radiation patterns at all frequencies.

25 4 —— Measured, with siit
| —-— Measured, without slit
| ——— simulated, with slit

10
Frequency, GHz

Figure 3 Measured and Simulated VSWR plots for optimized design parameters.

The radiation patterns of the antenna in the principal planes at different frequencies are
shown in Figure 4, Nearly omni directional patterns are obtained over the entire frequency
range. It is found that the radiated power at 5.5 GHz is much less compared to the rest of the
band.

¥-Z Plane

Figure 4 Radiation pattemns of the proposed antenna at different frequencies.
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Figure 5 shows the measured gain of the antenna and establishes that the antenna ceases its
radiation in the rejection band while maintaining an appreciable gain at other frequencies.

Gain, dBi

4 6 8 10
Frequency, GHz

Figure 5 Measured gain of the proposed antenna.

Conclusion: The design, fabrication and testing of a square monopole UWB antenna with
band notch at 5.5GHz is presented. Simple in its design, the proposed antenna allows a band
rejection by introducing perpendicular slits, symmetrically cut along the edge of the square
patch. The notch frequency and the bandwidth can be tuned by varying slit parameters. The
antenna with its omni directional radiation characteristics and appreciable gain can be
suitably adapted to cater to the needs of any UWB application.
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Modified U-slot loaded Rectangular Microstrip Antennas
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Abstract: The broadband and compact rectangular microstrip
antennas using modified U-shaped slots like, F-slot, Pi-slot
and T-slot, are proposed. Also the compact and broadband
rectangular ring microstrip antenna using half U-slot is
proposed.

Introduction: Microstrip antenna (MSA) has several advantages like, low profile planar
configuration, but has smaller VSWR bandwidth (BW) and larger patch size in 300 — 1000
MHz frequency band. Several techniques like placing a shorting post or cutting a slot inside
the MSA to realize the compact MSA and multi-resonator gap-coupled and stacked
configurations to realize the broader BW have been reported [1]. By cutting a resonant U-slot
inside the rectangular MSA (RMSA), the BW has been increased [2]. The U-slot resonance
frequency is largely governed by its inner slot length [3]. In this paper, by modifying the
outer U-slot length, the broadband and compact RMSAs using F-slot, Pi-slot and T-slot, are
proposed. Also the compact and broadband rectangular ring MSA using half U-slot is
proposed. The slotted RMSAs are fabricated on glass epoxy substrate (& =4.3, h=0.159 cm,
and tan & = 0.02) and are suspended above the ground plane with an air gap A. These MSAs
were first analyzed using IE3D software followed by experimental verifications [4].

F-slot RMSA: The F-slot RMSA is shown in Fig. 1(a, b). The vertical U-slot length is
increased without changing its inner slot length. This reduces TM;, mode resonance
frequency of the patch. For the optimized F-slot RMSA with A = 1.7 cm, the simulated and
measured input impedance and VSWR plots are shown in Fig. 1(c). The simulated BW is 113
MHz (13.4%), and the measured BW is 106 MHz (12.8%). This BW is smaller as compared
to that given by U-slot RMSA, which is due to its reduced frequency. The radiation pattern at
843 MHz as shown in Fig. 2(a) is in the broadside direction with cross-polarization level less
than 8 dB as compared to that of the co-polar level. However, as the F-slot is un-symmetrical
with respect to the feed point axis, the cross-polarization level increases towards the higher
frequencies. The gain is more than 8 dBi over the VSWR BW as shown in Fig. 2(b).

Pi and T-slot RMSAs: The asymmetry of F-slot RMSA is removed by extending the outer
slot length on both sides of feed point axis, giving Pi-slot RMSA as shown in Fig. 2(c). For
the three values of vertical slot length (Ls), the input impedance plots are shown in Fig. 2(d).
The L alters the patch resonance frequency, which changes the radiation resistance and
hence the loop size. For Ly = 6 cm and A = 1.7 cm, the simulated and measured BW’s are 149
MHz (16.8%) and 142 MHz (16.1%), respectively. Due to symmetrical Pi-slot, the cross-
polar level has been reduced. However, F-slot has larger reduction in the resonance
frequency. By employing the even mode symmetry of Pi-slot RMSA, a compact T-slot
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RMSA is proposed as shown in Fig. 2(e). T-slot RMSA is optimized with A = 2.3 cm. The
simulated and measured BW’s are 133 MHz (15.4%) and 134 MHz (15.6%), respectively.

Broadband Rectangular ring MSA: Rectangular ring MSA is obtained by cutting a slot in
the center of RMSA. Its BW has been increased by cutting a half U-slot as shown in Fig.
3(a). For the optimized MSA with A = 2.5 cm, the input impedance and VSWR plots are
shown in Fig. 3(b). Since the ring MSA is compact in size it requires a larger air gap for the
loop to be within VSWR = 2 circle. The simulated and measured BWs are 125 MHz (14.7%)
and 127 MHz (14.9%), respectively. The radiation pattern is in the broadside direction with a
cross-polar level less than 10 dB as compared to the co-polar level with peak gain of 8 dBi, as
shown in Fig. 3(c, d).

Conclusions: The broadband and compact RMSAs using modified U-shaped slots like F-slot,
Pi-slot and T-slot are proposed. They give broader BW with a broadside radiation pattern.
The BW of the compact rectangular ring MSA is increased by cutting a half U-slot.
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compact T-slot RMSA
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Electronically Switchable Compact Microstrip
Antennawith Triangular Slotsfor Dual port operation

Despti Das Krishna, M. Gopikrishna, C.K Aanandan , P. Mohanan & K. Vasudevan,
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Abstract Desjgn of an Elecironically Switchable Microstrip Antenna
for aual port operalion, suiable for GSM and WLAN band, is
proposed. The antenna 1s an elecliomagnelically excited square palch
witl tianguiar slols whose characlenstics can be changed by
shunting the slofs using FINV diode swilches. I extybils a diia/
frequency aual polanzed gperalion af 1.8GHz and 2.4GHz when lhe
switch is OFF and a dual linear polanizalion af 24GHz when the
switch is ON. The two port's have an isofalion of more than 3005,

Introduction: In land mobile communication system, performance is deteriorated as
a result of multi-path propagation. Multi-path effects can be reduced by polarization
diversity or by using dual linearly polarized antennas [1-2]. Frequency re-use or dual-
polarized antennas, such as [3-5], have widespread application in satellite and
wireless communication. We propose the design of a microstrip antenna which can be
electronically switched between dual frequency dual polarized operation or dual band
linearly polarized operation.

Antenna Design Details The prototype of the proposed antenna operating in the 1.8
GHz and 2.4 GHz is depicted in Fig. 1.

Feed Linos
Feed Lines {Port 2
~ (Part 1) i

et 7 _|.| Figure 1. Geometry of the proposed antenna
Nt ! ‘DE (Is = 25mm. a = 15mm, b = 18.6mm, ¢
T 218l =24mm, f, =f,=3.7mm, &, =4.36,e,=3.1,
Pil frsdag. L 1 gg Iy = 1.6mm, h: = 1.6 mm) with PIN diode
& E and DC isolation capacitors.
Ground gg
-45‘{ +45 “ i
et e e 47 =
Ground

A square patch with two triangular slots symmetric with respect to the patch
diagonals, is electromagnetically coupled to two 50 ohm feed lines. A PIN diode is
connected across the slots along with a DC isolation capacitor as shown in the figure.
The diode can be switched ON or OFF by applying DC voltage. When the diode is in
the ON state it behaves as a short circuit and the RF signal is guided through it. In the
OFF state, it behaves as an open circuit.

Results: When the diode is in the OFF state, it is observed that the antenna exhibits
dual band orthogonal polarization at 1.8GHz (port 2) and 2.4GHz (port 1). When
diode is in ON state, it exhibits dual linear polarizations at 2. 4GHz. The return loss of
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the antenna and isolation between the ports, for different diode states, are plotted
against frequency in Fig. 2(i) & 2(ii). Simulation results, obtained using the IE3D™
software, agree well with the measured results. Isolation better than 30dB is obtained
between the ports.

0 > =TT 7
-10 \/ \ / (a) Simulated -10 /
v Return Loss 20

\
201 y
[}
-30 i -30
= =z
80 T = 8 0 emes . -
10 v/ y

\I (b) Measured  -10
Return loss

" (c) Isolation

1.8 2.0 22 24 26 1.8 2.0 22 24 26
Frequency(GHz) Frequency(GHz)

(i) (i)
Figure 2. Return Loss and isolation between the ports, when the switch is (i) ON and (ii) OFF.
Port 1 == =-Port2. Isolation:=== Measured— - - = Simulated

The transmission characteristics of the antenna (S,)), for different diode states,
are shown in Fig. 3. The S;; plot of a simple square patch antenna, of the same size is
also shown for comparison. The plots indicate that the gain of the antenna is
comparable under different switching state of the diode. A slight reduction in gain is
observed at 1.8GHz.

_30 [ el _ . .
16 18 20 22 24 26 28 3.0 16 18 20 22 24 26 28 3.0
Frequency(GHz) Frequency(GHz)

(i) (ii)
Figure 3. Reflection (S;;) and Transmitted (S,;) characteristics when the switch is (i) OFF and (ii) ON
= ==Port 1 Port 2 — - - - Square patch of same size

It can also be observed that the proposed antenna operates at a much lower
frequency compared to a square patch of the same size. For the same resonant
frequency (1.8GHz), an unslotted patch has a side dimension of 40mm where as the
proposed antenna size is only 25mm. Hence, a size reduction of 61% is achieved. This
is achieved by means of reactive loading in the form of slots on the surface of the
patch. Such loading increases the surface current path and the electrical length of the
element leading to reduction in resonant frequency.

The radiation patterns measured in the E and H planes are plotted in Fig. 4.
The radiation from the antenna is obtained along the +/-45° planes, i.e. along the
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diagonals of the square patch. The cross-polarization level for the antenna remains
below -20 dB in the E and H plane.

H-Plane E-Plane
90

150

180

150

180

150

180

150
180 ' ; |
0O -20 -40 -20 O 0 -20 -40 -20 O
Figure 4. Radiation pattern at (a) portl and (b) port 2 when the switch is OFF, (c) port 1 and (d) port 2

when the switch is ON: Co-polar— — Cross-polar

Conclusion: Design of a dual port square patch with triangular slots shunted by a PIN
diode switch, as an electronically switchable antenna is reported. According to the
switching state of the PIN diode, the antenna operates as a dual frequency dual
polarization antenna at 1.8GHz and 2.4GHz or as a dual linearly polarized antenna at
2.4GHz. The two ports are giving linearly polarized radiation along +/-45° with
isolation better than 30dB between them. The cross polarization levels are lower than
20 dB at both the ports. A reduction in patch size =~ 60% is obtained compared to the
square patch operating at the same frequency with out significant reduction in gain.
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Abstract :— DRs are used in many microwave devices like filters, oscillators etc.
operating in the fundamental TEo1s mode. A low-er and low-loss support material is often
used to mount the DRs on. A promising candidate material, indialite, has been
indigenously developed as a support material. Phase pure indialite obtained by calcining
high-purity oxides at 1375°C. Fully dense ceramics have been obtained by firing at
~1420°C for 2h with Swt.% of Y203 as sintering aid. Dielectric measurements showed
ar~3.9, tand ~7.5x107% and temperature coefficient of frequency -22ppmC at 11GHz.
Superior dielectric properties combined with higher thermal shock resistance suggest that
indialite may be a good microwave substrate material compared with Al20s.

INTRODUCTION

Dielectric resonators (DR) are versatile passive components for many microwave devices used
in Cellular Telephones and Space communication systems[1,2]. The operation frequency and
performance of a circuit using DR strongly depend on the environment of the latter because of the
evanescent field. Due to this reason, DRs are centrally mounted inside an enclosure. The support on
which DRs are mounted must have low er to avoid confinement of e.m. wave, low dielectric loss
(tand) to minimise e.m. wave loss and low thermal expansion to minimise ‘tuning’ effect. Polymeric
materials like PTFE, polystryrofoam etc. are best candidates for ordinary applications. On the other
hand if the DR enclosure is in a warm environment, care must be taken that outside heat neither
damages the support nor affect the DR frequency. In such cases, ceramics are far superior to
polymers. Ceramics like quartz, forsterite, cordierite etc. have been used by many industries for
such applications.

Cordierite (Mg2AlsS15018) 1s one of the earliest known ceramics and widely used in high-
temperature kiln insulation and mechanical filter in hot-gas exhausts. These applications took
advantage of high thermal shock resistance and strength of this ceramic. Only in late 80s, the
usefulness of this material for electronic and microwave applications was recognized. Recently, IBM
published a report showing the advantage of synthetic cordierite over Al-alloy for use in hard discs.
Indialite is high-temperature phase of MgzAlsSisO1s and melts at 1470°C. Many researchers have
proved that it is extremely difficult to get high density without proper additives. This paper
presents the processing technology to develop fully dense indialite (a-cordierite) ceramics and their
microwave dielectric properties.

EXPERIMENTAL

High purity (> 99.9% pure) oxides were used as raw materials for preparing the ceramics.
Solid-state synthesis route was used because it is simple and straightforward. MgO, Al:O3 and SiOs
were mixed in 2:2:5 ratio by ball-milling in propanol (AR grade) medium for 15h to get a
homogenous slurry. The slurry was dried into powder and was calcined in alumina crucible at
1375°C for 4h in air inside a programmable controlled furnace. A sample of the calcined powder was
used for X-ray diffraction analysis to confirm phase formation. The calcined powder was then ball-
milled in toughened zirconia bowls using zirconia balls for 10h in propanol. The slurry was dried at
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<80°C with intermediate pulverising. Powder was divided into different batches for sintering
experiments using different additives. Additives were added to respective batches, mixed with 1%
PVA solution and then dried. These were compacted in @14mm, @18mm and P28mm dies under a
pressure of 100 MPa. Sintering experiments were performed in the range 1400-1460°C and
dwelling hours of 2-6h. Bulk densities of the sintered ceramics were measured by Archimedes
method. Phase analysis was again done by XRD using powdered samples.

Microwave dielectric properties were tested in 5-20 GHz using rod resonator method. The er
was evaluated from the frequency of TEon mode under the end-shorted condition. The loss
factor(tand) was evaluated as inverse of the Qu of the TEoi; mode inside a silver-coated cavity.
Samples were mounted on thin PTFE support and coupled to a 50Q stripline. The temperature
coefficient was estimated by plotting the variation of TEoi1 mode (to avoid any effect of cavity) with
temperature in the range 25-75°C.

RESULTS & DISCUSSION

Mg2AlsSi501s formation could be completed at 1375°C in 4h. XRD patterns obtained after
calcinations as well as sintering were identical and is shown in figure. Computer-aided search and
match was performed on XRD patterns, which showed more or less good agreement with Indialite
MgAlLiSi501s (no. 01-08-1540) and MgeAls 9651504018 (no. 01-075-1439). Both the above compositions
possess hexagonal primitive unit cell, symmetry and
nearly same lattice parameters and theoretical
densities (2.51g/em? and 2.52g/cm? respectively). No

trace of any other phase could be detected.

The ceramics did not show good densification
during final firing or sintering, when sintered without
any additive. Maximum bulk density of 2.11g/cm?
(84% of TD) only could be achieved even after heating
at 1460°C for 6h. Many researchers have reported
that it is very difficult to obtain dense indialite in pure

form. So, they invariably used additives like TiOs,

CeO2 and other lanthanides[3—-6]. So, before going into
the final optimisation of sintering, a set of sintering Table 1. Comparison of densification effects
of various additives (0.5wt.%) on Mg2Al:Si501s

experiments has been performed using different ceramics (TD=2.51glcm?),

additives. Only 0.5wt.% of additive was added to

respective batch and then ground into fine powder Sample Sintering Density (%
. . . Temperature TD)
before compaction. Thin discs of @10mmx2mm were Pure 1445 799
prepared and sintered at 1420-1445°C for 4h. Most of . 1465 840
the additives improved the density as shown in Table La 1440 937
1. The maximum density was obtained with Y20s. Ce 1445 937
Hence we  further  performed optimisation Nd 1440 94.6
experiments using Y203 as additive and >98% 2‘3 1228 gzg
densities were obtained by sintering the compacts T 1445 92:3
with 3wt.% Y203 at 1415°C for 2h. Subsequently Dy 1445 904
annealing at 1100°C for 10h was given to promote Yb 1445 739
chemical homogeneity. Y 1440 97.1
In 1445 819
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MICROWAVE PROPERTIES

Since the specimens are low—er materials, the confinement of e.m. energy is less compared to
conventional resonator materials. That is, the evanescent wave region around the ceramics is more
compared to conventional DRs. Hence the coupling probes had to be kept considerably away from
the specimens to avoid any tuning effect. Additionally, identification of TEoi1 mode itself was
difficult. Generally, in the case of conventional DRs, the least perturbed mode among the two lowest
resonances could be unambiguously identified as TEoi. But, in the present case, the methodology
had to be slightly modified. Instead of looking at the two fundamental modes, the span was further
increased to about 5GHz and about 5 different modes were examined simultaneously. In this
condition, the top end-shorting plate was slightly tilted to introduce a gap and the TEoi: could be
easily identified. Now, the span around this mode was reduced and the coupling probes were moved
away from the specimen till the frequency became unaffected. This frequency was used for the
calculation of er. The dielectric properties of the samples at microwave frequency were measured
using three different dimensions (Z12mm, @15mm and @24mm). The TEoi1 modes were in the
range 11-15GHz and the calculated er was 3.9 + 0.2.

The loss factor (tand) obtained using TEoi1 mode was found to be only 3.152x10#at 13GHz. It
is well-known that this includes radiation loss as well as the conduction loss at the end-shorting
plates. Hence, Qu'= tand were obtained from TEo;; resonances inside a silver-coated cavity.
Initially, the cavity modes along with the PTFE support in position were memorized. Then the
specimens were mounted. The fundamental mode of resonance of the specimen was identified from
the spectrum of resonances. A little tuning was required whenever the fundamental mode appeared
near a cavity mode to separate the former. The unloaded Q values were >11,000 at 10.95 GHz an
all cases and the frequency-normalised Q showed a maximum value of 164THz corresponding to a
tand of 6.39x107°. The er and tand values are superior to or matching with previous reports(3,7].
The temperature coefficient of frequency was measured in the range 25 to 85°C. The obtained
values were in the range —17ppm/°C to —27ppm/°C. This is in accordance with previous data[4].
Table 2 summarises the microwave dielectric properties of indialite specimens in the present

study.
Table 2. Microwave dielectric properties of Indialite ceramics
Dielectric constant (gr) 39+02
Unloaded Q (Qu) 13,000 + 2,000
Frequency 10.96 GHz + 25 MHz
Loss factor (tand x 107) 75+125
Temperature coefficient of frequency (tf) ppm/°C -22+50

Finally, the performance of a standard DR (TransTech™) inside test cavity were compared
using imported support (made of p—cordierite), present indialite and PTFE. The data are given in
Table 3. It may be noted that a slightly better value of loss factor obtained on imported support
could be due to the greater shift in frequency brought about by larger dimension. However, a
similar PTFE gave higher loss for the standard sample. The lesser perturbation in frequency by
PTFE is due to lower er and smaller size. Thus, it can be understood that the indialite material of
the present study proves to be equally good as the imported ceramic.
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Table 3. Q-values of TRANSTECH 8719 DR obtained using different supports

The DR, @ 10mmx4.5mm has an er=30, Qu~17,000 @ 5.600 GHz corresponding to a tand of 5.332x107

Imported Indialite PTFE
Dimensions- D, L (mm) 90,40 122,65 80,40
Dielectric constant (gr) of the support 45 39 22
Frequency (GHz) 5528 938 5.506 875 5,606 875
Perturbation (MHz) -71.062 25 +6.875
Unloaded Q factor 15,030 14,960 14 640
Loss factor (x107) 6.653 6.684 6.831

CONCLUSION

Phase pure indialite could be obtained using a stoichiometric mixture of high-purity oxides by
calcining at 1375°C. About 3wt.% of Y203 can act as sintering aid to get fully dense ceramic below
1420°C. Indialite, with dielectric constant of 3.9, loss factor of 7.5x107 and temperature coefficient
of frequency —22ppm/°C at 11GHz, is a very good support material for DR circuits. It can be a
promising candidate for microwave substrate material compared to alumina because of lower er
and higher thermal shock resistance.
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Abstract: In this paper, the development of equipment for a
novel form of thermal analysis is described. The novelty of this
new technique lies in the fact that the sample is heated using
microwaves while pseudo-simultaneous measurements of its
dielectric properties at microwave frequencies are used as the
thermal analysis parameters. Physical and chemical
processes, such as solid-solid phase changes, dehydrations
and decompositions etc can be clearly revealed in different
materials as they are heated, as seen by the changes their
dielectric constant-temperature profiles. The values of the
dielectric constants are calculated employing the cavity
perturbation technique and the measurements are done using
a Network Analyser (NWA).

roduction: Microwave heating finds extensive application in consumer, commercial,
ustrial, scientific and medical fields [1,2]. The use of microwaves can be attributed to the
iificant advantages they have over conventional methods of heating, namely high
etration depth (and hence more uniform heating), instant heating (i.e. no thermal lag) and
entially high heating rate. Microwave heating is related to the dielectric properties of the
iple [3]. In general, the more lossy the material, the greater will be its heating rate.
asuring dielectric parameters simultaneously with heating, especially at elevated
|peratures, is of great importance in materials processing as the loss factor, and hence the
ple’s ability to convert microwave energy to thermal energy can vary widely with
perature and may change dramatically as the sample undergoes chemical or physical
cesses on heating. In addition to providing information on the variation of the loss factor
h temperature, the technique can be used as new type of Thermal Analysis to investigate
se transitions, chemical changes such as dehydration, decomposition and melting and to
dict possible thermal run away. The earlier, related technique of Microwave Thermal
alysis (MWTA) [4], which measures the thermal energy and temperature effects found in
rowave heating, is developing rapidly as it complements conventional thermal analysis
‘hods such as Differential Scanning Calorimetery (DSC). We report here the development
a significantly modified form of MWTA, Microwave Dielectric Thermal Analysis
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(MDTA), which now incorporates the pseudo-simultaneous measurement of dielectric, rather
than thermal parameters, as a function of temperature. The main advantage of MDTA is that
the changes in dielectric constant on heating are now measured and can be used throw light
not only on the sample’s changing ability to heat in a microwave field but also to reveal the
fundamental dielectric properties associated with the chemical or physical changes occurring
in the sample. In this paper, development of an instrument for MDTA is described, which
heats the samples using microwaves and measures dielectric parameters at microwave
frequencies using the cavity perturbation technique [5].

Theory of MW heating: Total current density induced in a material when an alternating

electric field, Eoe-/ “ applied is given by Maxwell's equation

VxH = J = of+jweyeE (1)
J = jwso(g/ij = ja)goe:ﬁcE )
e ;

where S:ﬁr =¢ - jgeﬁ-/ /, is the complex relative permittivity. The real part, generally called

the dielectric constant, represents the stored energy and the imaginary term accounts for the
loss in the material.

MW power

Analog
output &

X
Gate Digital /O

PCI

A A 4
IMDTA Rs232| Data Temperature
equipment LabVIEWK—| logger [¢—| probe

HGPIB

Network
Analyser

Figure 1. Schematic of the system

Experimental: A schematic diagram of the complete MDTA set-up along with associated
instruments and controlling software is shown in figure 1. The function of the equipment is
to generate the required microwave power at 2.45 GHz and feed it to the sample chamber for
heating. The microwave source applies the power via a three-stub tuner and an iris. The stub
tuner is used to modify the electric field so as to get the maximum field strength at the sample
position. Tuning is monitored by an e-field probe inserted into the waveguide. The
instrument controls the microwave source module and the mechanical gates fitted to the
sample chamber. The maximum power output of the magnetron is 1 kW at 2.45 GHz. The
output power is controlled by the computer via an ADC (0-10V). The dominant TE;o mode
is propagated by a waveguide to the sample. A four-port sample chamber in the MDTA
equipment facilitates two functions: heating the sample in required mode (constant power,
linear heating etc) and measuring the dielectric parameters at pre-set time or temperature
intervals. As simultaneous operation of heating and dielectric measurement is not possible,
two sets of computer-controlled mechanical gates isolate the heating and measuring sections
from each other during measurement and heating respectively.
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Experimental results: In the present study, three different types of thermally induced
processes are reported to illustrate the use of MDTA.  Figures 2a and 2b show variations of
the dielectric parameters of two materials (SiC and Agl) with temperature. From figure 2a, it
can be seen that dielectric constant of SiC slowly and steadily decrease with temperature and
the values at room temperature are found to match those measured (g, = 9.01- j*0.58 at 20
°C) using standard rectangular cavity and the cavity perturbation method. While the SiC
shows a steady change in dielectric properties with temperature, the Agl trace shows different
behaviour. It can be seen that here the dielectric constant initially does not change
significantly until 110 °C and thereafter it sharply increases until 142 °C. This region (110 °C
-142 °C) corresponds to well-known phase transition in Agl. Using MDTA, the phase
transition temperature (T) is taken at centre of the transition region, i.e. 126 °C. However,
this phase change temperature found using microwave heating appears to be lower than
conventional DSC values and this is consistent with the ‘microwave effect’, which has been
reported elsewhere [6]. Figure 2b shows the imaginary part of the complex permittivity (&)
of these two samples measured as a function of temperature and it clearly reveals the changes
in the materials. The variation of the value of & for SiC with temperature shows a slow but
steady decrease with temperature. However, for Agl, it initially decreases slowly but then
starts to increase from 110 °C until 142 °C, the temperature region which corresponds to the
phase transition in the material.

1.6
16 +
1.4 4 X 18X
141 e 1.2 X

Dielectric constant
H

imag part of complex permittivity

15 40 65 90 115 140 165 190 215

15 40 65 90 115 140 165 190 215

T,°C 0
== SiC —x—Agl

Fig 2a. Dielectric constant of SiC and Agl Fig 2b. Dielectric loss of SiC and Agl

The dehydration of materials using MDTA is illustrated by analysing zinc acetate and
copper sulphate pentahydrate. Figures 3a & 3b show the dielectric parameters/temperature
profiles for these materials, along with those for SiC, which is used for comparison. From
figure 3a, it can be seen that the dielectric constant corresponding of zinc acetate initially falls
slightly until it reaches 93 °C and then increases rapidly, reaching a maximum at 113 °C.
This temperature region corresponds to dehydration in the sample and dehydration
temperature can be taken as 103 °C. Conventional DSC thermal analysis of this sample
shows dehydration at 106 °C. In this case, MDTA and the DSC give very similar results.

Copper sulphate has an interesting dehydration mechanism which is generally held to
occur in three stages, at approximately 104 °C, 128 °C and 243 °C, depending on the
zexperimental conditions used. From the corresponding curve in figure 3a, it can seen that
the dielectric constant starts to increase from 88 °C until 97 °C, then gives a plateau until 122
9C, after which it decreases considerably. The mid points of the changes are at ca. 98 °C and
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130 °C respectively and these correspond reasonably well with the results obtained using
conventional DSC.

Imag part of comp perm

Dielectric constant

15 40 65 90 115 140 165 190 215 240 15 40 65 90 115140165 190 215 240

T,°C T,°C

6— SiC —A— Zn acetate-l run —%— Qu Suk-lrun ‘ ‘—e—SiC—ﬁ—Zn acetate-I run —x— Qu Sul-I run

Figure 3a. Dielectric constant of SiC, Zinc Fig 3b. Dielectric loss of SiC, Zinc acetate and
acetate and cooper sulphate copper sulphate

The variation of & for the different samples is shown in figure 3b. For zinc acetate,
& increases greatly as it is heated between 93 °C and 113 °C but thereafter, it decreases
rapidly. However, if the same sample is heated for a second time (i.e. after dehydration)
sample, it is seen that there is no dramatic change in & which clearly reveals the material has
been completely dehydrated irreversibly in the first run, as one would expect. The results for
copper sulphate (figure 3b) now clearly differentiate the first two, low temperature,
dehydration processes while those for zinc acetate are entirely consistent with the irreversible
dehydration discussed above. For both of these samples, the reasonably good correspondence
of the MDTA and DSC results suggests there is no significant microwave effect in these
materials, in contrast to the MDTA of Agl.

MDTA is at an early stage of its development in comparison with conventional
thermal analysis methods. However, the results complement the more traditional TA methods
and provide a new insight to the changes occurring in materials as they are heated.
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Effect of silane coating on the dielectric and mechanical properties of ceramic filled PTFE
based substrates

K.P.Murali®, S.Rajesh?, V.Priyadarsini®, S.N.Potty®, R.Ratheesh™ and P.Mohanan®

a) Microwave Materials Division, Centre for Materials for Electronics Technology (C-
MET), Department of Information Technology, Government of India, Athani P.O.
Thrissur, Kerala, India -680 771, ratheeshr@yahoo.com
b) Department of Electronics, Cochin University of Science & Technology, Kochi 22, India

Abstract

A systematic study on the effect of silane coating on the dielectric and mechanical properties of
fused quartz filled PTFE substrates has been carried out. The composite substrates are
prepared through a proprietary process by which silane coated and uncoated fused quartz are
incorporated in the PTFE matrix. Filler loading in the polymer matrix is varied from 0 to 70
weight percentage to obtain optimum dimensional stability with better dielectric properties. The
filler distribution and filler matrix interface are studied using Scanning Electron Microscopy. The
microwave dielectric properties of the composite substrates are measured using X-band
waveguide cavity perturbation technique. UTM studies have been carried out to find out the
tensile strength and elongation of the hot pressed composite

Introduction

Fluoropolymer based dielectric materials provide excellent electrical, thermal and mechanical
properties while used as circuit materials for microwave applications. PTFE based materials
with tailored dielectric properties are the most commonly used substrates and are fabricated
either by incorporating ceramic fillers or woven glass in the polymer matrix [1, 2]. The selection
of ceramic fillers depends mainly on the end properties of the composite substrate. Some of the
commonly used fillers are fused quartz, titania, strontium titanate etc.

Often, the processing of these composite substrates is very critical owing to its heterogeneous
nature. Processing of these composite systems has to be designed in such a way that the
particulate filler are uniformly distributed through out the polymer matrix with minimum
porosity [3]. Another major draw back of the composite substrate is the high moisture absorption
of the particulate ceramic filler. Since water has high permittivity and loss tangent, even a small
amount of water can have detrimental effects on laminate material’s performance. To preclude
the hydrophilic nature of the filler, usually silane coating is employed. The hydrophobic coating
over the particulate filler helps in improving ductility, copper bond strength and reduces water
absorption [4]. It has been reported that unexpectedly good results are noticed while silane
coating is employed on fillers used for the fabrication of PTFE based composites [5]

In the present study, low loss and low dielectric microwave substrates have been fabricated by
incorporating silane coated and/or uncoated fused quartz and microfiber glass in the PTFE
matrix through a proprietary process. The substrate materials thus obtained were characterized to
ascertain the effect of silane coating on the dielectric and mechanical properties.
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Experimental

The raw materials used were 50 micron PTFE powder (H71 grade) supplied by M/S Hindustan
Fluoro Carbon, India, Fused quartz supplied by M/S Saint Gobain, France (99.9% purity) and
chopped microfiber glass from M/S Binani Glass, India. Phenyl trimethoxy silane procured from
M/s Sigma Aldrich, USA was used as silane coating agent. Also di(propylene) glycol obtained
from M/S Merck, Germany was used as lubricant to enhance the efficiency of mixing.

Silane coating was carried out as explained in Ref.4. The pH of water was adjusted to 3 using
acetic acid. 63 parts of this acidified water was added to 100 parts of the fused silica filler.
Vigorous agitation was given for the concentrated slurry in a mixer. After one hour of mixing,
phenyltrimethoxy silane was added drop wise and continued mixing for about 10 minutes. The
volume of the PTMS was calculated to obtain 1wt% silane coating over the filler. Then the
mixture was transferred to a glass container and dried at 120°C.

A proprietary process comprising of sigma mixing, extrusion, calendering followed by hot
pressing/thermolamination called as SMECH process has been employed to fabricate nearly
isotropic, pore free PTFE laminate with excellent dimensional stability. Composites filled with
silane coated and uncoated fused quartz were prepared through SMECH process by keeping all
other process parameters constant. The density of the PTFE composites was found out by
dimensional method. M/S Philips make SEM was employed to study the filler distribution and
the matrix filler interface. The water absorption in the silane coated and uncoated samples were
carried out as per IPC-TM-650 2.6.2.1.

The dielectric constant and dissipation factor of the composite samples were measured up to
13MHz using Hewlett-Packard 4192A model impedance analyzer. High frequency dielectric
measurements were carried out using X-band waveguide cavity perturbation technique. Ultimate
tensile strength of the samples was measured using Shimadzu make (model AGS-1000G) UTM.
The measurement parameters were conform to ASTM-D638.

Results & Discussion

The particle size analysis shows that the fused silica filler (Saint Goban, France) has a wide
particle size distribution ranging from 1 to 100 microns with major portion occupying 5 to 25
microns. Although small particle diameter exhibits narrow particle size distribution, the greater
interparticle attraction forces and friction leads to poor packing fraction in composites whereas
wider particle size distribution leads to better packing fractions [6]. In order to study effect of
particle size distribution on the packing fraction, 5 pfused quartz (M/s Chettinad quartz
products, India) with narrow particle size distribution was loaded in the PTFE matrix. It was
found that the loading of the particulate filler beyond 58 wt% in the PTFE matrix was rather
difficult using fillers having narrow particle size distribution Whereas, we could load up to 60
wt. % of filler with excellent dimensional stability in the case of fused silica filler having wider
particle size distribution (5 to 50 microns).

From the SEM picture (Fig.1), it can be seen that the distribution of filler is more uniform in
composites fabricated with silane coated filler. This is due to the improved flow-properties of the
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coated filler during processing. In addition, better matrix filler interface is also seen for the
samples prepared with silane coated filler.

b)
Figure. 1 SEM micrograph of cross section of a) PTFE/fused quartz (silane coated) composite b)
PTFE/Fused quartz (uncoated) composite

Water absorption of coated and uncoated filler loaded (60wt%) composites has been studied as
per IPC-TM-650 2.6.2.1. Water absorption obtained for silane coated sample is 0.125% where as
that for uncoated sample is 0.45%. It can be seen that water absorption of silane coated sample is
comparatively less than that of uncoated one. This result shows that surface modification of
particulate filler has got profound influence in controlling the water absorption characteristics of
composite substrates.
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Figure 2. Variation of density and dielectric constant with respect to fused quartz loading

The composite system in the present study comprises of PTFE, fused quartz and microfibre
glass having permittivities 2.1, 3.78 and 6.26 respectively. Variation of density and dielectric
constant with respect to wt% of silane coated fused quartz is shown in Fig 2. As expected, the
permittivity of PTFE composite increases with respect to an increase in filler loading since there
are more polarizable ions in the polymer matrix. The density also shows the same trend.
However, the density drastically decreases beyond a filler loading level of 60 wt% due to the
formation of porosity since there is not sufficient polymer to encapsulate the fillers. Present
study shows that through the process methodology employed, it is possible to load PTFE matrix
up to 60wt% to obtain a dimensionally stable substrate.
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Same experimental procedure has been employed to fabricate PTFE composites filled with
uncoated fused quartz. Interestingly, we could load only up to a filler percentage of 58 wt% in
the case of uncoated samples. It is found that the density of these samples are less compared to
samples filled with same weight % silane coated filler. Although silane coated composites have
better density than uncoated ones, their permittivities are observed to be less than that of later.
This infers that the silane coating on ceramic filler slightly reduces the effective dielectric
constant due to the obscuring of effective polarizability of the particulate fillers.

Ultimate tensile strength (UTS) of coated and uncoated samples is given in Table 1. It can be
seen that the sample prepared using silane coated filler has better strength and more ductility
than that of uncoated ones. The increase in tensile strength of silane coated sample can be
attributed to a better matrix - filler interface where as enhanced rheology is responsible for the
improved ductility.

Table 1. Comparison of mechanical properties

Sl. Wt.% of | UTS of PTFE composites (MPa) | Elongation at break (%)

No. Filler Coated filler Uncoated filler | Coated filler Uncoated filler

1 58 5.60 4.81 10.2 6.8

2 60 5.56 3.57 9.9 53
Conclusion

Dimensionally stable low permittivity and low loss fused quartz filled PTFE substrates have
been prepared through SMECH process. Phenyl trimethoxy silane (PTMS) has been used as a
precursor for surface modification of fused quartz fillers. Silane coating helps in precluding
moisture absorption there by providing better matrix-filler interface which in turn improves the
mechanical properties. Further, silane coating also improves the rheological properties leading to
better distribution of the filler in the polymer matrix. Present study shows that up to 60 wt%
silane coated fused quartz can be loaded in the PTFE matrix with optimum dielectric and
mechanical properties.
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Abstract

CeTiTaOg ceramics, doped with ZnO, were prepared in the solid state ceramic route.
The cylindrical samples were sintered at temperatures between 1360-1450°C. The densities
were measured using Archimedes method. Samples were characterized by X-ray diffraction
and scanning electron microscopic methods. Microwave dielectric properties of the
cylindrical samples were measured using the network analyzer. Small doping of ZnO reduced
the sintering temperature and increased the dielectric constant (s,). The variation of
temperature coefficient of resonant frequency (ty ) also decreases on small doping and
increases on higher doping concentrations. Considerable grain growth is also observed on
doped samples.

1. Introduction

Ceramic materials with better dielectric characteristics are of increasing importance as
the field of solid-state electronics continue to expand rapidly. The main factor is the
reliability of the components used in the electronic equipments. It was Richtmyer in 1939
who first proposed that a piece of dielectric material can act as a resonator [1]. For a ceramic
material to be used as good dielectric resonator it must have high permittivity (e, >20), high
unloaded quality factor (Q,>1000) and a small temperature coefficient of resonant frequency
(t¢ < £20ppm/°C). Rather, their cost of production is low in comparison with other high
frequency devices and they are characterized by light weight and compactness. Hence they
can be effectively used in microwave appliances to resonate at the frequency of the carrier
signal and to allow that signal to be efficiently separated from other signals in the microwave
band [2]. A large number of ceramic dielectric materials have been developed over the years
satisfying these conditions [3-6].

LnTiNbOg were prepared by modified Czochralski growth and its characterization were
reported by Qi et al and they also reported its crystal growth by laser heated pedestal growth
technique. Lanthanide based titanium niobates and tantalates having good dielectric resonator
properties were reported by Surendran etal and Sebastian et al [9-10]. Lanthanide based
titanium tantalates though possess good dielectric resonator properties, they require high
processing temperature to get optimum dielectric properties (Temperature >1575°C). Suitable
dopants were generally used to reduce the sintering temperature and also to improve the
dielectric properties of different systems.

ZnO, WO3 and CuO have being used as dopant on MgTiO3;—CaTiO; systems and it’s
microwave dielectric properties were studied by Cheng-Liang Huang et al [11-12]. Various
glass additives are used as a dopant and its influence on the microstructure, phase, sintering
and microwave dielectric properties of Ba(Mg;,Tay3)O3 system were investigated by
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Surendran et al.[13] The effect of sintering time on the microwave dielectric properties and
crystal structure of Y,BaZnOs ceramic was investigated by Yoshida et al [14]. Doping effects
on the dielectric properties of cerium oxide as a ceramic dielectric resonator was studied by
Santha et al [15,16,17]. The choice of dopant is an important factor in determining the
sintering and dielectric behavior of ceramics.

2. Experimental

Polycrystalline samples of LnTiTaOg ( Ln = Nd and Ce) ceramic materials were prepared
from powders of analar PrsO;;, SmyO3, Dy,03, TiO, (CDH, 99.9%) and Ta,Os (NFC, India)
by the conventional solid state ceramic route. The chemicals were weighed in stoichiometric
ratios and mixed thoroughly in acetone medium in an agate mortar. The samples were dried
and calcined at 1200 °C for 5 hours in electrically heated furnace. A definite mass of calcined
powder was mixed with 1 weight percent Zinc Oxide and ground well. To this 5 % polyvinyl
alcohol was added as a binder and again ground well and dried. The powder was then pressed
in the form of a cylindrical pellet at 100 MPa pressure using a hydraulic press. In a similar
way pellets were made with 2,3 and 4 weight percent doping. The sintered samples were
polished well and the density was measured using Archimedes method. Polished samples
were thermally etched at a temperature 50°C below the sintering temperature and used for
Scanning Electron Microscopy (SEM) (Hitachi S 2400). Powdered samples were used for X-
ray diffraction studies using Cu K, (Philips Expert Pro) radiation. The dielectric properties of
the samples were measured in the microwave frequency range using the network analyzer
(Agilent 8753 ET) and the variation of resonant frequency with temperature was measured
with the help of Keithly 2000 multimeter attached with Keithley 2001 model TC scanner.
The entire data acquisition process was controlled by a software ‘Integrated Microwave
Materials Characterisation Tool” (IMMACT). The specimen was placed at the center of a
cylindrical cavity whose size is 3-4 times greater than it. The microwave was coupled to the
specimen through E-field probes and TE(;; mode of resonance whose quality factor is
intimately related to the dielectric loss, was identified. The dielectric constant (g;) and the
unloaded quality factor (Q, ) were then calculated using the computer interfaced network
analyzer. The coefficient of thermal variation of resonant frequency (tr) was also measured
over a range of temperature 30-70°C.

3. Results and discussion

The pure CeTiTaOg4 ceramics was sintered at 1450 °C. The doping of ZnO reduced the

sintering temperature by more than 100°C. The density is greater than 95 % of the theoretical
density for all the samples. Figure 1 shows the variation of the sintering temperature with
respect to the percentage of doping of ZnO.
The XRD patterns of pure CeTiTaOg ceramics and typical 4 % ZnO doped samples are shown
in figure 2. It is evident from the XRD patterns that there is no considerable phase change for
the doped sample when compared with the XRD pattern of pure sample. Secondary phases of
Zn0A17TaoA33Ti0'502 (JCPDS 39-292) and C€203 (JCPDS 49-1458) can be observed in the 4 %
ZnO doped sample of CeTiTaOg. The presences of these minor secondary phases is one of
the reasons for the lowering of sintering temperature. The microwave dielectric properties of
zinc oxide doped samples of CeTiTaOg are given in tables 1. Figure 3 shows the variation of
microwave dielectric properties of CeTiTaOgs with various doping concentrations of ZnO.
Doping of ZnO increases the dielectric constant (&) for all the samples while the variation of
temperature coefficient of resonant frequency increases on doping concentrations up to 3%
and decreases for 4 wt% doping
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Table 1. Microwave dielectric properties of ZnO doped CeTiTaOg ceramics

Percentage | Frequency | Q,x f | Dielectric T¢
of ZnO (GHz) | (GHz) | constant (&) | (ppmv/K)

0 4.688 9700 41.09 70

1 4.702 8539 41.29 55

2 4.684 6918 41.48 53

3 4.887 5811 41.86 49

4 4.622 8966 42.59 55

|

. e S
Figure 4a. SEM image of sintered Figure 4b SEM image of sintered

pellet of pure CeTiTaOg pellet of 4 % ZnO doped CeTiTaO¢

The SEM images of the sintered samples of pure and typical 4 % ZnO doped
CeTiTaOg ceramics are shown in figures 4a and 4b respectively. It is evident from the
SEM images that the samples are well sintered. Considerable grain growth is observed in
the image of the doped sample which may be another reason for the variation in the
properties of these ceramics.

4. Conclusion

High temperature processing requirements of CeTiTaOg ceramics can be reduced by ZnO
doping with improvement in the microwave dielectric properties. The reduction in
sintering temperature is due to the formation of small amount of secondary phases, even
then the major phase remains as CeTiTaOg itself. CeTiTaO¢ with 2 % and 3 % ZnO
doping is found to have increased dielectric constant and deceased variation of
temperature coefficient of resonant frequency while compared with pure CeTiTaOs.
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Abstract

Ba(Zn;;3Tay3)O3 has been prepared with different dopants that gave best
microwave dielectric properties at room temperature. Effects of different dopants on the
low temperature microwave dielectric properties BZT were investigated. With decrease
in temperature, loss tangent was found to decrease marginally and then increase at
temperatures lower than 100 K. Increase in loss factor at lower temperatures were found
to be less for dopants with smaller ionic radii. Dielectric constant was found to be almost
independent of temperature. Temperature coefficient of resonant frequency slowly
decreased from a positive value to negative value when temperature was lowered.
Temperature at which trbecomes zero was found to vary for different dopants. There is a
temperature stable region for tand, €, and t¢ which varies for different dopants.

Introduction

Effect of different dopants on microwave dielectric properties as well as the
mechanism by which different dopants improve the microwave dielectric properties of
BZT varies from dopant to dopant. The cryogenic behaviour of dielectric properties of
single crystals has generated a lot of interest as a tool which can throw light into the
intrinsic dielectric loss factor of crystals'. In an ideal crystal the main reason for dielectric
loss at microwave frequency is due to the interaction of the microwave field with the
lattice vibration. Hence the quality factor increases at cryogenic temperature. The
intrinsic Q factor of a low loss material is limited by the loss tangent of the dielectric
which in turn depends on the unharmonicity terms in the potential energy when pair of
atoms is at a mean separation .

Microwave dielectric properties of Ba(Sn,Mg,Ta)Os;, Ba(Zr,Zn,Ta)Os; and
(Zr,Sn)TiO4 at cryogenic temperatures down to 20 K were studied by Wakino™*. They
observed that tand of all materials decreased up to 100K and then showed an increase.
Dielectric loss tangents of these materials increased proportionately to the temperature
and their third harmonic distortion levels showed a strong correlation with dielectric loss
tangents. In addition unannealed BMT may contain a large number of point defects like
oxygen vacancies which also decrease the quality factor at cryogenic temperatures..
Stein’ et al. studied the dielectric properties of BMT at cryogenic temperatures and
observed that the dielectric loss of BMT increases with decrease of temperature due to
the presence of paramagnetic impurities. The present investigation aims at studying the
low temperature microwave dielectric properties of BZT.
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Experimental

BZT has been synthesized in pure and doped forms as described elsewhere’.
Microwave dielectric property measurement as function of temperature was done using a
microwave setup with a cryogenic attachment. The cryogenic system is a commercial
cryo-cooler (APD-204S) in which cooling is performed by means of a thermodynamic
close cycle of helium gas. The dielectric resonator was mounted on the cold head of the
cryocooler taking utmost care to establish good thermal contact between the cavity and
the cryocooler using indium foil. The chamber was evacuated to pressure less than 10”
mbar in order to reduce the convection losses. Radiation losses are minimized using a
thermal shield maintained at 77K by attaching to the cryostat first stage. Microwave was
coupled to the DR using low loss microwave cables to the resonator through two opposite
loop probes. The DR was excited with microwave sweep oscillator HP8350B and the
resonant frequency and Q-value of TEy;; modes was measured using the full bandwidth
at half power point method by scalar network analyzer (HP8757D). The DR was cooled
down to 20 K and the temperature was then raised in steps. A temperature controller
(Lake Shore 331S) was used to control temperature by a PID regulator using a Si diode
sensor and a heater fixed on the cold finger. A second Si-sensor was attached to the top of
the cavity. It was allowed to warm up sufficiently slowly to keep the resonator in thermal
equilibrium. At each temperature point, the resonant frequency (f), 3-dB bandwidth (Af)
and insertion loss (IL) were recorded. using a personal computer and an IEEE 488 data
bus linking the sweep oscillator, scalar network analyzer and the temperature controller.
A visual programming language HP VEE 7.0 was employed for controlling instruments,
developing the data interface, creating a customized data display and data collection and
storing the data into a data base for evaluation of the unloaded Q-value. The unloaded Q-
value of the resonator was obtained, using the relation, Qo = Qg [1-10 - 20)] ’1, where Qp
(=f/ Af) is the measured loaded Q-value.

Results and discussion

Fig.1 show the variation of tand with temperature for undoped BZT and BZT
doped with 0.5 mol % dopants. Dopants used for 0.5 mol% dopant addition were Ti, Mn,
Sb and In which gave excellent microwave dielectric properties in the earlier
investigation. For undoped and doped BZT, it can be seen that the tand marginally
decreases as the temperature is decreased. When the temperature is below 100K, increase
in tand become drastic. Increase in tand is found to be maximum for undoped BZT. For
doped BZT, increase in tand is found depend on ionic radius of the dopant. Dopant with
smallest ionic radius is Ti which has minimum increase in tand at lower temperatures. As
the ionic radius increases, increase in tand also increases and is maximum for In which
has the highest ionic radii. Same trends can be seen in Fig.2 which shows the variation
of tand with temperature for undoped BZT and BZT doped with 1.0 mol % dopants.
Here too, the increase in tand at lower temperatures is found to be maximum for undoped
BZT increases with ionic radius of the dopant. Loss factor increase is minimum for
doped BZT with Zr, which has minimum ionic radius among the dopants and the loss
factor increase is found to be maximum for Ce which has highest ionic radii. Variation
of tand with temperature is similar to the observation of Wakino®® and Stain* described
before and could be due to the large number of point defects like oxygen vacancies™ or
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due to the presence of paramagnetic impurities which decrease the quality factor at
cryogenic temperatures.

Fig.3 and Fig.4 show variation of dielectric constant with temperature for
undoped BZT and doped BZT with 0.5 mol% and 1 mol % dopants. From figures it can
be seen that the dielectric permittivity varies with the dopant but remains almost constant
over the temperature range. The dependence of dielectric permittivity on ionic radii is
similar to that of loss tangent. Hence it can be seen that dielectric constant is temperature
stable. Fig.5 and Fig.6 show variation of temperature coefficient of resonant frequency
with temperature. It can be seen that temperature coefficient of resonant frequency
decreases with temperature and become zero at a particular temperature and then changes
to a negative value on further cooling. There is temperature stable for twhich varies for
different dopants as shown in figures. Temperature at which t¢becomes zero is found to
be different for different dopants and is given in table-1 from which no specific trends
with respect to ionic radius could be obtained. Reduction in ¢ could be due to the small
reduction in dielectric constant which reduces 1. and there by affects t¢. But this effect
may not be prominent enough to change sign of tf and then move it in negative direction.
Hence a weak phase transformation is expected to cause this effect. However more
studies are needed to understand the mechanism behind the variation of trat cryogenic
temperatures.

Loss factor (at 6 GHz)

Figure-1 & 2 Variation of loss factor with temperature for 0.5 and 1 mol% dopant
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for 0.5 mol% and 1 mol % dopant addition
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Abstract

The requirements of ceramic dielectric resonators used at microwave frequencies are
high dielectric constant (& > 100), large quality factor (Q >10,000) and low temperature
coefficient of resonant frequency (w). But many dielectric resonator ceramics have
higher sintering temperatures (above 1350°C) and are too high to use the low melting-
point silver and copper electrode. Bismuth-based dielectric ceramics were well known as
low-fired materials and had been investigated for various applications. BiNbO, is one
among the promising material with low sintering temperature for microwave dielectric
resonator. This material has good quality factors, especially considering low cost and
simplicity of the materials compared with complex perovskites. Here we report our work
on low temperature synthesis of BiNbO, by co-precipitation method. This method is not
reported for the preparation of BiNbO, in the literature. The details about synthesis
procedure and characterization are presented in this paper.

1. Introduction

Communication at microwave frequencies has lead to the proliferation of commercial
wireless technologies such as cellular phones and global positioning systems. The
requirement of ceramic dielectric resonators used at microwave frequencies are high
dielectric constant, a high Q value(reciprocal of dielectric loss) and a low temperature
coefficient of resonant frequency [1-5] . Most of the known commercial microwave
dielectrics such as SnZr;.4TiO4 and Ba(Mg,Ta)O3 are can be sintered only at very high
temperatures (>1400° C). The so-called passive integration for miniaturization is
performed using multiplayer ceramic technology whereby green ceramic tapes of
different materials corresponding to different passive functions are laminated and co-fired
at low temperatures. Therefore it is necessary to develop microwave dielectric materials
that can be sintered at temperatures lower than the melting point of internal metal
conductor such as Cu or Ag. Recently, BiNbO, was reported to be promising microwave
dielectric material with relatively lower melting point [1-5]. The reported values for
BiNbOy, are the temperature coefficient of resonant frequency ~50 ppm/°C, the dielectric
constant ~ 45, and Q=14,000 [1-5].

Generally traditional solid state method is used for the preparation of oxides and its
drawbacks are well documented in the literature. The wet-chemical techniques such as
combustion, alkoxide sol-gel and coprecipitation were found to produce these oxides with
several advantages namely, nanosized particles (hence high surface area), high reactivity
and very good homogeneity in composition. Sometimes metastable phases also formed
by these methods. Recently citrate gel method was reported to prepare nanocrystalline
BiNbO4 powders [1]. Co-precipitation is one of the more successful techniques for
synthesizing ultrafine ceramic powders having narrow particle size distribution [6-13].
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The purpose of this study was to prepare ultrafine BiNbO4 powders using co-precipitation
technique from simple water-soluble inorganic salts. This process can avoid complex
steps such as refluxing of alkoxides, resulting in less time consumption compared to other
techniques. The only drawback of this method is that all the cations should have similar
solubility product.

2. Experimental

For preparing BiNbO,4 compound, niobium (V) oxide, bismuth (III) nitrate, bismuth oxide
and ammonium hydroxide were used as starting materials and they were of AR grade
(Loba cheme) For the preparation of BiNbO,4 by coprecipitation, stoichiometric amount
of Bi(NOs);.5H,O was dissolved in minimum amount of dilute HNO; to avoid
precipitation of Bi ions and required quantity of Nb,Os was dissolved in minimum
amount of HF after heating in hot water bath for 5 hours and both are mixed together. An
excess ammonium hydroxide is added by dropwise with constant stirring to the above
solution mixture until pH > 9 at room temperature to ensure complete precipitation. After
precipitation, it is filtered and washed several times with distilled water to remove the
anions and dried in an oven at 100°C for 12 hrs. The oven-dried precursor was calcined at
various temperatures ranging from 200 to 800° C for 12 hours to get phase pure samples.
For comparison, the samples are also prepared by the conventional ceramic method.
Bismuth oxide (Bi,O3) and niobium oxide (Nb,Os) are taken in stoichiometric ratio and
mixed, ground several times and heated at 800° C for 12 hours. To ensure completion of
reaction, the powders were reground after first cycle of calcination and heated few times
at this temperature. The XRD (Rigaku miniflex X-ray Diffractometer) was employed to
characterize these powders. The powder X-ray pattern were recorded for all the samples
calcined at various temperatures by using Cu-K... For lattice parameter and interplanar
distance (d) calculation, the samples were scanned in the 20 range of 10 — 80° for a
period of 5s in the step scan mode. Silicon was used as an internal standard. The standard
least squares method was used to determine the lattice parameters.

3. Results and Discussion

Fig 1 shows XRD pattern of the co-precipitated powders calcined at different
temperatures ranging from 200 to 400° C for 6 hours. At 200° C the peaks corresponding
to bismuth oxide (45-1344) and niobium oxide (43-1042) were seen in XRD. It can be
observed that the incipient product phase begins to form at temperatures as low as at
400° C. The complete phase formation occurs at 600° as observed from Fig.3. It is the
lowest temperature reported for the formation of BiNbO, phase. These powders are
highly crystalline as compared to that prepared by ceramic method supported by the
strong intense XRD peaks. The crystal structure is orthorhombic and all the d-lines
pattern match with reported values (JCPDS- 16-295). The calculated lattice parameters
by least square fit are a = 4.981 A b= 11.713 and ¢ = 5.673 A. Fig.3 illustrates the XRD
for samples prepared by the solid state method and calcined at different temperatures. At
lower temperatures, the XRD peaks corresponding to individual oxides are observed and
the product phase begins to form only at 600° C. The XRD shows the reaction is
incomplete as the individual oxides also present along with the product. However, all the
peaks corresponding to the phase formation is complete only at 800° C (fig.4) For
compassion, ideal XRD pattern of BiNbO4 was also shown in that figure. The average
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Fig. 3. XRD of BiNbO4 powder
(prepared by the solid state method)
calcined at (a) 200°C (b) 400 °C and (c)
600°C. The alaphabet ‘B’ correspond to
Bi,O3 and ‘N’ to Nb,Os and ‘P’ to
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particle size for the coprecipitated powders (calcined at 600° C for 6 hours) calculated
from Scherrer’s formula (t = K A/Bcosfg) where t is the average size of the particles,
assuming particles are spherical, K=0.9, A is the wavelength of X-ray radiation, B is the
full width at half maximum of the diffracted peak and 05 is the angle of diffraction) were
ranging from 50 nm. The measured dielectric constant was 43 for BiNbOy prepared by
co-precipitation method.

4. Conclusions

A simple co-precipitation method was used to prepare ultrafine particles of BiNbO,. This
method has advantage of forming this phase at much lower temperature as compared to
samples prepared by traditional solid-state method.
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Abstract

0.83ZnAl1,04-0.17TiO, (ZAT)/PTFE composites were synthesized by
powder processing method. The effect of different volume fraction of ZAT (0 —
0.6) on the dielectric properties of the composites were investigated at 1 MHz and
7 GHz. The dielectric properties (dielectric constant and dielectric loss) were
found to increase with the ZAT content. The experimental results were compared
with that of the theoretical values predicted using Lichtenecker, Maxwell-Garnet,
Jayasundere, Poon-Shin formulae. They were found to agree well with the
predicted values for low filler content.

1. Introduction

The recent developments in electronics and circuit assembly technology
demands low dielectric constant materials for the packaging of RF, microwave
and optical products [1]. These substrate materials must possess low dielectric
constant for increasing the signal propagation speed, low dielectric loss, good
frequency with temperature in a wide spectral range and good mechanical strength
[2]. Polytetrafluoroethylene (PTFE) has been widely used in packaging and
substrate applications due to its low dielectric constant (g; = 2) and excellent
physical and chemical properties. But the applications are limited due to the high
coefficient of thermal expansion and poor thermal and mechanical strength. One
way to improve their property is to form a ceramic-polymer composite consisting
of ceramic particles in a polymer matrix. Many studies were conducted in
ceramic-polymer composite materials for various applications in packaging and
substrate industries [1-5].

Earlier studies [6] reveal that 0.83ZnAl,04-0.17TiO, (ZAT) ceramics
possess good thermal stability and microwave dielectric properties. The dielectric
constant of ZAT is 12 and the dielectric loss is less than 0.001 at 5 GHz. Thus the
addition of proper volume fraction of ZAT as a filler into the polymer matrix can
improve its property to certain extent. The dielectric property of the composite
depends on the volume fraction, size and shape of the filler and also on other
factors such as preparation method, interface and interaction between the filler and
the polymer [4]. The effective dielectric properties (g; and tand) of the composite
are estimated using classical mixing formulae such as Maxwell-Garnet equation,
Lichtenecker, Jayasundere, Poon-Shin formulae and the experimental results were
compared [2,7].

2. Experimental

The 0.83ZnAl,04-0.17TiO, (ZAT) ceramics were prepared by the
conventional solid state ceramic route. ZAT/PTFE (Hindustan Fluorocarbons,
Hyderabad, India) composites were prepared by powder processing method. The
powdered ZAT was mixed with acrylic acid solution for 1h and dried. This will
provide an active surface for binding with polymer since acrylic acid is a well-
known polymerizing agent. Different volume fractions (0 to 0.6) of treated
ceramics and PTFE powders were dispersed in ethyl alcohol using ultrasonic
mixer for about 1 h. Then a dry powder mixture was obtained by removing the
solvent at 70°C under stirring. The homogenously mixed PTFE/ZAT powders
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were then compacted under uniaxial pressure of 50 MPa for 1 minute. The
cylindrical and rectangular pellets thus obtained were kept at 310°C for 2hrs.

The thin pellets with diameter 14 mm and thickness 1 mm were electroded
by uniformly coating with silver paste on both sides in the form of ceramic
capacitors. The low frequency dielectric properties were measured by LCR meter
(Hioki 3532-50). HP 8510 Vector Network Analyzer was used to characterize the
composite materials at microwave frequencies. For this purpose rectangular
samples of dimensions (40x2x1 mm3) were made and the dielectric properties
were measured using cavity perturbation technique [8,9].

3. Results and Discussion

Fig. 1(a) and (b) shows the variation of dielectric constant and dielectric
loss with volume fraction of ZAT at 1 MHz and 7 GHz respectively. It is seen that
both the dielectric constant and loss increases with the amount of ZAT. PTFE has
a dielectric constant of nearly 2. The increase in the dielectric constant of the
composite is due to the comparatively high dielectric constant of the ZAT filler
(er = 12). The dielectric properties of the ZAT/PTFE composite are largely
influenced by several factors such as air gap, water content and interface phase
between the ZAT and the PTFE. A comparative study of the Fig. 1 (a) and (b)
shows that the dielectric loss increases in the microwave frequency (7 GHz) as
compared to that at low frequency (1 MHz). As volume fraction of the filler
increases the density of the composite is lowered due to the air gap and weak
binding. This will lead more air and water content inside the composite. At low
frequency, the polar liquid dielectric material (ie. water) has both electronic
polarization and dipolar orientational polarization. At microwave frequency range
the large dielectric loss is due to the dipole relaxation of water [2] and also the
increase of interface phase between ZAT and PTFE. These losses are increased
with the increase in the amount of ZAT filler.

The prediction of the effective dielectric constant of the composite from
the dielectric constant of the components and the volume fraction of the filler is a
very important factor for engineering applications. The following equations are
used to calculate the effective dielectric constant of the composites with low filler
content:

(1) Lichtenecker Equation In Eopr f In &g+ (l )IVI &,
E — & —
(2) Maxwell — Garnet Equation el m__ i~ Em
&y t+28, g +2¢,
(7%,
(3) Poon — Shin Equation R Em

R TR LT

143f(s—¢)
1
a1+ g+ng

g +28

(4) Jayasundere Equation &p=

I—f+ 1+3j(g —g
g+2$ &+2g,

where g.¢r is the effective dielectric constant of the ceramic/polymer composite, &;
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Figure 1. Variation of dielectric constant and tand of PTFE/ZAT composite

Figure 2. Comparison of experimental and theoretical dielectric constants of
PTFE/ZAT composites (a) at | MHz (b) at 7 GHz
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is the dielectric constant of the filler, €, is the dielectric constant of the matrix and
f is the volume fraction of the filler.

Fig. 2 (a) and (b) shows the comparison between the experimental and the
theoretical values of dielectric constant obtained from the above equations at 1
MHz and 7 GHz respectively. The results show that the experimental values are in
good agreement with the theoretical value predicted using Jayasundere equation
for low filler content (upto 0.3 volume fraction) and beyond that the deviation
increases. This is due to the fact that the dielectric constant is largely influenced
by the homogeneity of the component distribution. Also the mixing formulas are
based on the assumption of low filler content and they fail for dense mixtures.

4. Conclusion

The ZAT/PTFE composites are prepared by the powder processing
technique. The dielectric properties of the composites are studied at 1| MHz and 7
GHz. It is seen that as the amount of ZAT increases the dielectric constant and
dielectric loss also increases. The experimental effective dielectric constant is in
good agreement with that predicted using Jayasundere equation.
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Abstract: A Microwave band pass filter using ring resonator is designed,
fabricated and tested. Band pass filter characteristics are studied by
measuring the return loss and transmission characteristics of the microstrip
line fed dielectric ring resonator. S-parameters, electric field and magnetic
field distributions are computed using FEM method and compared with
measured results. The measured values agree with predicted values
obtained using FEM. Centered at 2404 MHz the dielectric ring resonator filter
shows a measured 3-dB band width of 20.6 MHz.

Introduction: Dielectric resonator filters present a number of advantages such as low loss,
high temperature stability, compactness etc. But one main drawback is that a number of
spurious resonances appear. To avoid these resonances, a specific cavity and coupling
window configuration must be used [1]. With the advance development of improved
dielectric materials and the rapid expansion of cellular and satellite communications,
dielectric resonator filters have been the source of much research. The dielectric resonator is
the basic unit of a ceramic cavity filter. At the resonant frequency most of the
electromagnetic energy is stored within the dielectric resonator. The most important
characteristics of a dielectric resonator include: its field patterns, Q factor, resonant frequency
and spurious free band width [2]. These factors are dependent on the dielectric materials
used, the resonator’s shape and the resonant mode used. The filters that are currently being
used in wireless base stations can be divided into two main categories, coaxial cavity
resonator filters and dielectric resonator filters [3-6]. While co-axial cavity filters have
limited quality factor (Q) values, they offer the lowest cost design and are still being widely
employed, particularly in wide bandwidth applications. With increased demands for high
performance wireless systems, dielectric resonators are emerging as the baseline design for
wireless base stations [7].

Filters composed of dielectric resonators give excellent in-band performance, but have poor
spurious characteristics due to their crowded mode spectrum. The first step in obtaining a
filter with good spurious performance is to optimally design the resonator dimensions to give
a well spaced mode spectrum. Kobayashi and Miura presented mode charts specifically for
these purpose and suggested the introduction of a concentric hole in TE;ps mode DR to
markedly improve spurious performance [8]. In this paper we propose a dielectric ring
resonator loaded microstripline band pass filter with spurious response. The coupling
between the resonant modes of dielectric ring resonator and a microstripline are studied. The
band pass filter is evaluated by experiment and simulation studies.

Design of filter: The filter comprises a dielectric ring resonator, mounted over glass-epoxy
substrate. Figure 1 (A) shows two perpendicular microstriplines etched on a rectangular glass
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epoxy sheet mounted inside an aluminium cavity with SMA connection. Figure 2(A) shows
the schematic diagram of dielectric ring resonator couple to the input/output microstriplines,
which is loaded inside the rectangular aluminium cavity. The ring DR is excited by an input
coupling probe, a microstripline (3 mm x 60 mm) of 50 ohms impedance. The filtered signal
is extracted by an out put coupling microstrip line (3mm x 60 mm) which is designed
perpendicular to the input microstrip line. The whole system is enclosed within a rectangular
aluminium box of dimensions length = 82 mm, breadth = 82 mm and height = 25 mm.

The dimensions of the dielectric ring resonator are as follows: height = 10 mm, outer
diameter = 20 mm and inner diameter = 12.5 mm, with a relative dielectric constant & = 69.
Dielectric ring resonator is formed by sintering a dielectric powder material. The resonance
frequency of the ring resonator is determined by height, outer and inner diameters, and
dielectric constant of the material. The S-parameters are measured with Agilent 8714 ET
network analyzer. The E-field and H-field patterns are computed and optimized using Ansoft
HEFSS software.

Results and Discussion: Figure 1 (B) shows E-field pattern of the microstripline mounted
inside the aluminium cavity, (C) shows H-field pattern distribution showing the high intensity
at the input feed and low intensity at the output microstrip line. Figure 2(A) shows the
dielectric ring resonator coupled to the microstrip line, loaded inside the aluminium cavity. If
a high frequency signal at a frequency outside of the pass band of the dielectric resonator is
applied, it is basically reflected and sent back from the input terminal without exciting the
basic resonance mode in the dielectric resonator. It follows therefore that the frequency
characteristics of the dielectric resonator filter is basically a band pass characteristics of the
dielectric resonator as shown in figure 2. However low order modes such as the HE;;; mode,
EH,;; mode or TE,,, modes are present in the dielectric resonator in addition to the TE;
mode.

Figure 2 (B) shows E-field pattern of the microstripline fed dielectric ring resonator mounted
inside the aluminium cavity, figure 2 (C) shows H-field pattern distribution showing the high
intensity at the input feed and low intensity at the output microstrip line. At the resonant
frequency of the DR, the magnetic field equals the electric field and electromagnetic waves
can be transmitted with minimal loss. Only at a resonant frequency electromagnetic fields can
sustain in the DR. The resonant frequencies of the dominant and spurious modes of a DR are
important in the design of a DR filter. Figure 3 (A) shows the calculated return loss and
transmission characteristics using Ansoft HFSS software. Figure 3 (B) shows the measured
return loss (S,)) and transmission characteristics (S;;) of the band pass filter adopting
fundamental TE;; mode of the ring dielectric resonator. It is observed that the resonant peak
corresponds to the 2404 MHz frequency with a 3 dB bandwidth of 20.6 MHz. The rejection
level is larger than 30 dB from 2460 MHz. Simulation results agree with measured results.
Some discrepancy between them can still be observed, which can be attributed to the
unexpected tolerance of fabrication.

Conclusions: A band pass filter employing a dielectric ring resonator is designed and
fabricated and tested. The filter performances were evaluated through finite element analysis
method and measurements using network analyzer. Resonant frequencies of the lower order
modes were predicted. The simulated electric and magnetic field distributions of the
microstripline and ring dielectric resonators were obtained. Centered at 2404 MHz the
fabricated dielectric ring resonator filter shows a measured 3-dB band width of 20.6 MHz.
Therefore the band pass dielectric ring filter can operate in the 2.4 WLAN frequency range.
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Fig.1. (A) Top view of the microstripline coupled rectangular aluminium cavity, (B) E-field
pattern of the microstripline mounted inside the aluminium cavity. (C) H-field pattern
distribution showing the high intensity at the input feed and low intensity at the output
microstripline (Simulated using Ansoft HFSS).
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(A) (B) electric field (C) magnetic field

Figure 2. (A) Top view of the microstripline coupled dielectric ring resonator loaded
rectangular aluminium cavity, (B) E-field pattern of the microstripline fed dielectric ring
resonator mounted inside the aluminium cavity. (C) H-field pattern distribution showing the
high intensity at the input feed and low intensity at the output microstripline (Simulated using
Ansoft HFSS).
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2300 2350 2400 2450 2500
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Figure 3 (A) shows the simulated return loss and transmission characteristics using FEM
method. (B) shows the measured return loss (S;;) and transmission characteristic (S,,) of the
band pass filter.
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Abstract— Beta tricalcium phosphate bio ceramics are known for their better biocompatibility
and good bioresorption characteristics. Since they are biomaterials they have good interactions
with microwave frequencies. B-TCP powder and pellets are prepared and is prepared and studied
at the S-band microwave frequencies. Dielectric parameters such as dielectric constant, dielectric
loss, conductivity and S-parameters are evaluated. This study is meant for measuring the rate of
bioabsorption through microwave imaging.

Keywords- Bioceramics; beta tricalcium phosphate (b-TCP); dielectric properties,
osteoconductivity; Microwave absorption

I. INTRODUCTION

In recent years the use of Ca-P materials for bone substitution, augmentation and repair
has gained clinical acceptance in many areas of orthopedics and dentistry. Dental
applications include fillers for periodontal bony defects, alveolar ridge augmentation,
immediate tooth root replacement, coatings for dental implants and maxillofacial
reconstruction. Medical applications include ear implants, spine fusion, repair of bony
defects and coatings for orthopedic metal implant. Beta tricalcium phosphate (Caz(POs)z,
b-TCP) is found to be more biocompatible than hydroxy apatite bioeramics[1]. b-TCP
was prepared by heating an intimate mixture of stoichiometric amounts of dicalcium
phosphate anhydrous (DCPA) and Calcium Carbonate (CaCO3) at a temperature of 650
celsius [2 ].In this paper stress is made on the measurement of dielectric parameters and
S-parameters at microwave frequency.

II. THEORY AND EXPERIMENTAL SETUP

Cavity perturbation technique [3] is used for the study of dielectric parameters. In this
technique generally rectangular or cylindrical wave-guide resonators are employed. The
experimental setup is shown in figure 1. When a dielectric material is introduced into a

Interfacing
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NetworkAnalyzer MW Adapter with

Sample
Fig.1: Experimental setup
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cavity resonator at the position of maximum electric field, the resonant frequencies of the
cavity are perturbed. The contribution of magnetic field for the perturbation is minimum
at this position. So from the measurement of the perturbation due to the sample, the
dielectric parameters can be determined. For permittivity measurements b-TCP samples
in the form of a cylindrical pellet of thickness 3mm and diameter 10mm is used. For this
the powder is pressed in to pellet, under a pressure 1 ton/inch®. Then the pellet is sintered
at 1000°C for 6 hours. When the pellet is inserted into cavity the field inside is perturbed.

The field perturbation inside the cavity is given by Kupfer et al [4].

— *
(¢,-1) | E.Egdv
14

B ()

where dQ is the complex frequency shift. V. and V; are the volumes of the cavity and
sample respectively. E and Ey are the perturbed and unperturbed fields in the cavity. €
is the relative complex permittivity of the sample material. Complex frequency shift is
related to the quality factor, Q as

dQ dﬂ[l_l} )
Q @ 210, O

Qs and Q, are the quality factors of cavity with and without sample. Quality factor Q is
given by Q = f/ Af where f is the resonant frequency and Af is the corresponding 3dB
bandwidth. For small samples we assume that E = Eq and for dominant TE¢, mode in a
rectangular wave guide,

Ey= Epnasin(mxsa) sin( apz/d), p=1,2,... (3)

From equations (1) to (3) the real and imaginary parts of the relative complex permittivity
are given by

PR ey N “
' 2f, \V,

s

A [QU—QA) )
v\ 0,0,

The real part of the complex permittivity, €', is generally
known as dielectric constant and the imaginary part €'’; is related to the dielectric loss of
the material. The effective conductivity of the medium o, is given by 6 + we'’;. When the
conductivity o due to free charges is negligibly small (good dielectric) the effective
conductivity is due to electric polarization and is reduced to

ce=we",=2mnfg &' (6)
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From the measurement of S-parameters, absorption coefficient can be found. Samples in
the form of powder are used. Beta tricalcium phosphate (b-TCP) was prepared by heating
an intimate mixture of stoichiometric amounts of dicalcium phosphate anhydrous and
Calcium Carbonate at a temperature of 650°C. b-TCP powder is filled in a perspex holder
of 35 mm x 70 mm which is the inner dimension of the S-band wave guide, is kept
between two coaxial to wave guide adapters and tightened. Using the network analyzer,
the S-parameters S;; and S;; are measured. Reflection coefficient R and transmission
coefficient T are given as R= |S;;|* and T = |S,|* .The absorption coefficient A can be
obtained from the simple relation A+R+T = 1 [5]. The measurement is repeated for
different thicknesses of b-TCP powder and the variation in scattering parameters is
studied.

Intensity (cps)

S41 and S1(dB)

-30 S11
Two theta (deg)

-40 - Figure.3

2000 2200 2400 2600 2800 3000

Frequency (MHz)

Figure.2
Si1 and Sy; graph of perspex holder.

a0 we 2w

Figure.4
Results and Discussion
The XRD and FTIR of beta TCP are measured (Figure.3&4) and are found to be
correlating with that of standard beta TCP [1].
The dielectric parameters of b-TCP are tabulated in Table 1. In the frequency range 2000-
3000 MHz, b-TCP shows a variation in dielectric constant from 3.61-3.80. The dielectric

constant is less for b-TCP because of its lower polarizability.
The conductivity of dielectric materials in a microwave field depends upon the dielectric

loss factor, here as frequency increases the dielectric loss factor increases. The dielectric
loss is a direct function of relaxation process, which is due to local motion of polar
groups. At high frequencies, the friction between molecular chain increases, which leads
to higher dielectric loss. This dielectric loss factor causes the so-called conductivity
relaxations. At this relaxation region, polarization acquires a component out of phase
with the field and displacement current in phase with the filed, resulting in thermal
dissipation of energy, his generates dielectric loss which in turn generates conductivity.
In the presence of microwave field the dielectric constant depends on the dipolar
polarization as well. The dielectric parameters of b-TCP and human bone marrow falls in
the same range [7].The S-parameter of b-TCP HAP has been studied and it is observed
that beta tricalcium phosphate is a very good absorber of electromagnetic radiation. The
Si1and Sy, characteristics of perspex holder are shown in fig.2. Microwave absorption of
b-TCP powder samples of different thickness is shown Fig.5. From the reflection study it
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Table 1: Dielectric parameters of b-TCP 0s

Material | Frequency

(MHz)

£ £ Skin depth nd

S, (m)

2430 0.195394 2.65x107 627x107 5.41x107

2680 0.150527 2.24x107 6.49x107 4.02x107

2970 380 0.291094 4.80x107 4.22x107 7.65x107

oo L 1T¥
2000 2200 2400 2600 2800 2000
Freq.in MHz
Fig.5 Variation of absorption with thickness and frequency

has been observed that reflection increases with thickness indicating a decrease in the
transmitted power. It is also observed that the reflection coefficients of perspex and b-
TCP vary with frequency. This may be the reason for fluctuation in the absorption as the
frequency varies. b-TCP shows an average increase in absorption of microwave power as
the thickness is increased. From Si; and S,; measurements it is inferred that, b-TCP is a
good absorber of electro magnetic wave in the microwave frequency range. This energy
may be dissipated in the form of heat. Thus they can be considered for many other
applications such as packing and shielding materials.

CONCLUSION

The dielectric properties of b-TCP are studied and variation in absorption
characteristics of b-TCP is discussed. This study facilitates the bioabsorption analysis
through microwave imaging. And the study reveals that these materials are also probable
candidates for EMI shielding

REFERENCES

1. Racquel Z. Le Geros, “Biodegradation and bioresorption pf calcium phosphate
ceramics”, Review paper, Clinical materials, Vol. 14 (1993), pp. 65-88.

2. Hollinger Jeffrey O, Scott A. Guelcher, “An Introduction to Biomaterials”, Biomedical
Engineering Series, Vol.2, (21 Dec.2005),pp.212.

3. Uaveendranath, S. Bijukumar and K.T. Mathew,”Broadband co-axial cavity resonator for
complex permittivity measurements of liquids”, IEEE Trans. on Inst. and Meas.,
49,2000,1305-1312

4. K. Kupfer, A.Kraszewski and R. Knochel, “Microwave sensing of moist materials, food
and other dielectrics”, Sensors update vol. 7,2000,186-209,Wiley VCH, Germany

5. C.Y. Lee et.al, “Electromagnetic interference shielding by using condtive polypyrol and
metal compound coated on Fabrics”, Poly. For Adv. Tech., 13,2002,577-583

6. Honey John, “Studies on selected conducting polymers for microwave and electrical
applications”, Ph.D thesis 2003,Cochin University of Science and Technology

7. Gabriel. S, Lau. R.W and Gabriel. C, “The Dielectric Properties of Biological Tissues: 11.
Measurements in frequency rangelOHz to 20GHz”, Phys.Med.Biol.,(1996) 41, p.2251-
22609.

CREMA CUSAT -98-

i Proceedings of APSYM2006, Dec. 14-16., Dept. of Electronics, CUSAT, India.
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Abstract: Millimeter waver radar technology is recently
attracting significant research interest due to applications in
automotive industry. Such radar systems have stringent
microwave performance requirements and automotive
applications warrants low-cost and small footprint system
solutions. Up-integration of radar functions to a small number
of microwave integrated circuits (MMIC) and developing
suitable packaging technologies are necessary to meet the
conflicting cost-performance trade offs. Flip chip packaging of
MMIC has the potential to meet such trade offs. Use of flip chip
technology in automotive environment needs use of undeffill
materials to ensure reliability. However, very little data exist on
the microwave properties of underfill materials. This paper
reports the results of our investigation on characterizing
underfill materials up to 40 GHz.

Introduction: Traditional applications of millimeter waver radar systems are in military.
Commercial applications of millimeter wave radar systems are attracting significant attention
in recent years driven by automotive applications. Typical radar applications in automotive
arena include adaptive cruise control (ACC), blind spot detection, line departure warning,
collision avoidance, and pedestrian detection. Unlike military applications, commercial radar
systems need to meet stringent performance requirements as well as lower cost. A high level
integration oriented strategy is necessary to meet conflicting performance and cost
requirements. Up-integrating functions in to a small number of microwave integrated circuits
(MMIC) are a proven method of ensuring high levels of functionality and performance.
Interconnect design of microwave/millimeter wave integrated circuits poses several daunting
challenges due to the high frequencies of operation and exacting system performance
requirements. Harsh operating environment and reliability requirements exasperate the
situation in automotive applications. Flip chip packaging as electrical and mechanical
interconnection offers very distinct advantages for systems working in millimeter wave
frequency ranges. Excellent electrical properties have been demonstrated in radar bands for
multi-chip modules', extending well into millimeter wave ranges. In addition, flip-chips offer
many other advantages such as high port density, short interconnect self-alignment of the die,
smaller profile and foot-print as well as high assembly throughput. However, the flip-chip
approach also creates significant problems of its own notably in the long-term reliability of
packaged devices and systems. One proven technique to ensure reliable operation of flip-chip
packaged integrated circuits is to use an inorganic-filled epoxy resin underfill material®. A
suitably formulated underfill material will act as a buffer medium and mechanical anchor
between the flip-chip and substrate. The thermo-mechanical CTE (coefficient of thermal
expansion) mismatch of these assembly materials can lead to reliability issues. The presence
of the underfill material has a significant effect on the electrical performance of the flip-chip
interconnect and the MMIC itself due to the relatively higher values of dielectric constant and
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loss tangent of such materials as compared to air’. The changes in dielectric properties of the
medium in the immediate vicinity of bump interconnect will result in serious problems due to
impedance mismatches and excitation of unwanted higher order surface modes in the
substrate. Several research groups have investigated flip-chip packaging of MMIC’s. Most of
that work focused on improving the electrical performance through various design
modifications to the transmission lines — on both the substrate and the chip — including bump
interconnect geometry’.Very little has been published on the effect of underfill material on
the microwave/millimeter wave performance. Even when this aspect of the design is
considered on ‘before and after underfill’ basis, there was no significant reported effort on the
actual dielectric characterization of various underfill materials at frequencies above 10 GHz".
The manufacturers of underfill materials typically have not documented dielectric properties
of underfills for frequencies greater than 800 MHz. The investigation reported here bridges
this gap by studying the very important role of underfill materials reporting the methods
employed and results obtained on dielectric characterization; the measurement of dielectric
constant and loss tangent of underfill materials up to 40 GHz.

Dielectric Measurements: A microstrip ring resonator technique was used to measure the
dielectric properties of candidate underfill materials. The ring resonators were designed and
their performance analyzed through full electro-magnetic field simulations using HFSS -
High Frequency Structure Simulator (from Ansoft Corporation) by assuming a range of
dielectric parameter values. Ground-signal-ground probe structures (250pum) were also
included in the test pattern. Excellent agreement between design/simulation and measurement
was obtained for this testing. An Agilent network analyzer and Cascade Microtech probe
station were used to measure scattering parameters of the resonators. From the resonance data
both dielectric constant and loss tangent were extracted. Large, flat and relatively thin
(0.5mm) samples of cured underfill, complete with a ground plane, were required for high
frequency electrical characterization measurements. These samples were formed by
dispensing a candidate underfill into the milled depression, 0.5mm x 6.5cm x 7.6cm, of an
aluminum mold, itself measuring 0.3cm x 8cm x 9cm. Aluminum was a good material for
underfill adhesion and it also provided the ground plane for the sample. The exposed surface
of the underfill was made flat by laying a silver coated alumina substrate on the top of the
mold and clamping it tight with four binding clips. The silver surface acted as a release film
as it easily separated from the underfill after curing. Open-air curing did not generate a flat
surface, and release agent would contaminate the sample’s surface. Multiple ring resonators
were created on the surface of the molded underfill by screen-printing a thick-film conductive
ink and curing. The 4 x 4 array had four different diameter sizes in each column: 1.8, 2.8,
3.8, and 4.8mm. The silver-filled thermosetting conductive ink, Dow Corning PI-2600
conducting ink, was deposited through a 360 mesh stainless steel (15um dia.) screen having a
Sum emulsion. The ink was then cured at 120 °C for 20 minutes. The PI-2600 generated
uniform printed features with a smallest feature dimension of 110pum. The printed rings had
a width of 200-220um, were 10-15um thick at the center of the conductor feature. The
printed microstrip ring had a gap of 113um at the CPW launch and a gap of 155um at the
ring feedline interface, see Figure 1.

Six underfill materials were characterized for high frequency packaging applications using
the ring resonator configuration. The dielectric constant and loss tangent were calculated
based on the measured scattering parameters. Four different ring mean diameters were chosen
to give four fundamental resonant frequencies from 12-33 GHz. The ring, a 350pum pitch
CPW launch, was used followed by a transition to a microstrip feedline.
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Figure 1: Ring resonators printed on
molded underfill epoxy

Figure 2: Simulated and measured data

The results for selected underfills and a sample of un-filled epoxy resin are given in Table 1.
The data is graphically presented in Figure 2. The thickness and surface roughness of the
conductor print measurements were measured from SEM analysis of cross-sections and were
used in deriving dielectric parameters.

n (res S21 BW Q

mode) f0 GHz atf0 GHz loaded Er  TanD

UF Resin only 1 13.37 [-35.22] 0.64| 20.88 | 3.04 [ 0.006
No-flow UF 1 13.21 [-37.75] 0.66 | 20.09 | 3.13 [ 0.008
High Tg UF 1 12.70 |-39.23{ 0.64| 19.79 | 3.45| 0.010
Low Modulus 1 12.62 |-39.35[ 0.70| 18.12 | 3.50 | 0.016
Cyanate Ester 1 12.451-35.18| 0.55] 22.54 | 3.61 | 0.003
Glob Top 1 12.29 |-36.66| 0.69| 17.74 | 3.73 | 0.017

UF Resin only 2 26.60 | -31.14] 1.38| 19.26 | 3.08 | 0.028
No-flow UF 2 26.47 |-33.51] 1.31] 20.26 [ 3.12 | 0.025
High Tg UF 2 25.38 |-33.77] 1.06] 23.88 [ 3.45 | 0.017
Low Modulus 2 25.10 | -34.05] 1.22| 20.63 [ 3.55 [ 0.025
Cyanate Ester| 2 24.711-30.90| 1.08] 22.88 [ 3.68 [ 0.019
Glob Top 2 24.39 |-31.71] 1.26| 19.45 [ 3.80 [ 0.028

UF Resin only 3 39.68 |-26.34[ 1.77| 22.41 | 3.12 | 0.026
No-flow UF 3 39.48 |-29.22| 1.85| 21.55 | 3.16 | 0.029
High Tg UF 3 37.59 1-29.96[ 1.73| 21.72 | 3.56 | 0.029
Low Modulus 3 37.38 |-29.84] 1.79| 20.95 | 3.61 | 0.031
Cyanate Ester 3 36.51 1-26.99[ 1.71| 21.50 | 3.81 | 0.029
Glob Top 3 35.98 |-27.32 1.90| 19.01 | 3.95| 0.036

Table 1: Measured Dielectric Properties of underfill materials

Phase Shifter Flip-chip: The phase shifter device, shown figure 3, uses thin film
ferroelectric technology with barium strontium titanate (BST) to achieve a tunable dielectric
constant, and is used extensively in the phase array antenna of the radar. The operating
frequency of the phase shifter is in the 12-18 GHz band. Silver thick film conductors were
printed and fired on a 0.9mm thick substrate in a CPW configuration for test. The center
conductor width is 178 um and the gap is 114 pm to allow for a 350pum probe style. A TRL
(Thru Reflect Line) calibration and scattering parameter measurement was performed to
determine the baseline performance of the flip-chip before underfill and at the endpoints
during reliability testing.
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Figure 3 Phase shifter MMIC before and after flip chip packaging with underfill
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Figure 3: Frequency Shift and Stability of Phase Shifter Flip-chips after 800 cycles of —40/105 °C
Temperature Cycling Reliability Testing

Conclusion: Dielectric constant and loss tangent of six underfill materials were measured
using microstrip ring resonator technique with a novel molding method. Measured dielectric
data is used to select a suitable underfill for flip chip packaging of a phase shifter MMIC.
Reliability testing and electrical characterization indicate high-reliability performance with
minimum impact due to the presence of underfill material under the chip.
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Abstract: Equal height circular lens is the most appropriate choice for multiple beam forming. A
modified geometry and design approach for Equal height circular lens has been proposed. An
Equal height circular lens at UHF frequency band has been designed and fabricated. The
results for the designed lens are in agreement with the design value.

Introduction: Wide-angle scanning capabilities of Rotman lens [1], [2] are well-established [3]-
[6]. Design approach of the Rotman lens is based on geometrical ray optics tracing technique.
The Rotman obtained by conventional design approach [1] have unequal height of array contour
and feed contour. Feed contour and array contour must have equal heights, as far as possible to
couple the maximum power from the feed contour to array contour. P.K. Singhal et al. [7]
reported a design approach to equalize the height of array and feed contour.

Lens Design: Figure 1 shows the cross- section of a trifocal Rotman-type lens. One focal point
Fy is located on the central axis and the two others F; and F, are symmetrically located on either
side of a circular focal arc (also called feed contour). Contour I, is a straight line and defines the
position of the radiating elements. I; is the inner contour of the lens (also called the array
contour). Two off axis focal points F; and F, are located on the focal arc at angles +3 and -f3. It is
required that the lens be designed in such a way that outgoing beams make angles -a , 0 and +a
with the x axis when feeds is placed at F;, Fy and F, respectively. It may be noted that in this
proposed approach the two off axis focal points are located at angles £3 whereas in the approach
suggested in [4] these were located at angles +a. The array contour I; is defined by coordinates
(X, Y). The position of the radiating elements on the straight-line I, is determined by single
coordinate N, measured relative to point O;. Point’s O; and O lie on the contours I, and I;
respectively and connected by transmission line of length W (0).
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Figure 1: Trifocal Rotman Lens Figure 2: Direction Of Out Going Beam
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RELATIVE RADIATION PATTERN

In Rotman lens, four basic parameters are selected: straight front face, two symmetr
off axis focal points and an on axis focal point. Array contours and transmission lines 5
designed in such a way that the outgoing beam makes an angle - o, 0 and o with the axis of g M. o 0 w o o ca aw

4

lens and terminates normal to their respective wave-front, when feed point is placed at Fy,
and F; respectively.

The orientation of wave front for each focal point is shown in figure. 2 A ray originat a
from point F; on the feed contour may reach the wave-front through a general point P(X, Y) Angle(Bearee)
the array contour, transmission line W(N), point Q(N) and then tracing a straight line at an ar Figure 5.5
-a. Also the ray may reach the wave front from F; to O, transmission line W (0) and termin: Figure 5: RADIATION PATTERN WHEN INPUT AT PORT 1, 2,34,5
normal to wave front
Input port to Coupling Input Port Coupling
DESIGN SPECIFICATION: Output port coefficient to input Port | coefficients(dBm)
This paper describes an example of the design of Equal height circular lens to feed (dBm)
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Number of antenna elements=7 1-12 -24.2 1-4 -18.2
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Table 1.3: Direction of outgoing beam

Port No. Angle (Degree)
1 -38
2 -28
3 0
4 +20
5 +40

RESULTS AND DISCUSSION: Table 1.1&1.2 shows the amplitude coupling from input ports
to output ports and input ports to input ports. Figure 4 shows setup for the radiation pattern
measurement. Figure 5.1 to 5.5 shows the radiation patterns for input at different feed ports.
Table 1.3 shows the direction of the outgoing beams for input at different feed ports. The
designed Rootman lens is covering an angular area from +40degree to -38 degree

CONCLUDING REMARKS: Geometry for Equal height circular lens with tapered line
section type multiple beams forming lens has been proposed in which design complexities are
greatly reduced. Various coupling coefficient and radiation pattern of the designed lens have
been determined. The designed Equal height circular lens is covering an angular area from +40
degree to -38 degree.
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Abstract: In this paper, analysis of an isolated slot doublet in a rectangular
waveguide is done using Magnetic Field Integral Equation (MFIE). The
equation is solved using Galerkin specialization of Method of Moment (MOM)
and reflection and transmission co-efficients are obtained. Equivalent circuit
of the waveguide slot doublet is represented on the basis of these co-
efficients.

Introduction: Waveguide slot doublets are widely used as radiating elements of arrays where
horizontal polarization and omnidirectional radiation pattern is required. Because of
compactness and lightweight these arrays are used in communication systems and beacon
radar systems. To design an array with desired radiation pattern characterization of an
isolated slot doublet becomes essential. In [1], image theory was applied to analyze the
isolated slot doublet. Here, the structure is analyzed directly solving the Magnetic Field
Integral Equations for both of the slots.

Analysis Procedure: Waveguide slot doublet consists of two broad wall longitudinal slots of
dimension 2Lx2W milled at an offset of x, from the z-axis is shown in Fig.1. The cross-
sectional dimension of the waveguide is 2ax2b. The electric field at the slot is assumed to be
x-directed and it is assumed that there is no variation of the electric field in the x-direction,
i.e. in the direction of the slot width.

The electric field at the slot aperture at y = b is expressed as [2]:

- M
E =i, E e, (1)

p=1

Where ey, is defined as:

’ ro_r . T ’ ’ L S ! S L
elp(x,y,z):sm{‘;)—L(z +L)}5(y -b) for . —iVSx’Sx W
=0 elsewhere 2)
The electric field at the slot aperture at y = -b is expressed as:
M
EZ :quZEZpeZp (3)
p=1

Where ey, is defined as:

e, (¥, 2y =sin{ L2 (2 + L)} 5(»' +b) L<Z<L
i 2L for
X, —W X <x +W

=0 elsewhere 4)
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Fig. 1 Isolated slot doublet in a rectangular waveguide and co-ordinate system.

From the continuity of tangential magnetic field aty =b and y = -b,
HY o HE + = )

Hmz + Hml +H;r;1 Hze;t (6)

where, H'°,H" are the incident magnetic fields at the aperture plane at y = b and -b.
H'\ H™S, are internally scattered magnetic field due to self aperture field and H?,, H", are
due to mutual interaction. H{',H:; are the externally scattered magnetic fields at the slot

zl >
aperture.
Plane wave spectral approach is used to determine the magnetic field at the slot, due to the
electric field existing at the slot aperture. Internally scattered magnetic field is obtained
solving the Helmholtz equation.
To determine the electric field distribution at the aperture, it is necessary to determine the
basis function co-efficient E,,.
Using Galerkin specialization of Method of Moment the testing functions can be written as

wy,(x,y,2) = sin{%(erL)}é'(y—b)
=0 elsewhere (7
Wy, (X, ¥,2) = sin{%(z+L)}§(y+b)

=0 elsewhere ®)
Following the procedure of Method of Moment we obtain,

X, ~W<x<x +W,-L<z<L

X, ~W<x<x +W,-L<z<L
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g, ={r-[e -] () - ] [
[z me e[ ] (o)) o)

=[ -] L+ L0E, ] (10)

(©))

Now, the reflection and transmission co-efficients at the aperture plane of the slot can be
written as:

2 M S L dd
:72[ i 2sin[mc“'jsinc(ﬂjz“(E1 -E, )7(2])) C_OS_ﬂ po (11)
4a’bknp 2a 2a )55 7 P71+ S*(p) | jsin BL peven

Pl

2 M S L dd
r=1+—2" 2sin(ﬂx“]sinc[—”WjZ(El ~E, )7(5’) cospL po (12)
4a’bknp 2a 2a )55N " TP 1+8%(p) |—jsin L peven

_Z,] Z1 I

Fig. 2 Equivalent circuit of an isolated slot doublet.

Equivalent Circuit Representation: The isolated slot doublet can be representation by a T-
network as shown in Fig.2. If the T-network is terminated by a characteristic impedance of

Zy, then

1+ -T 21

= d Z,=——""~— 13
Ciorer ™ * (1-r+7)(1-r-T) (13

Fig. 3(a) shows the computed field distribution across the slot length for different offsets of
the slot doublet. For numerical computation standard X-band waveguide having dimensions
2a =22.86, 2b = 10.16 mm is used. Slot dimensions are 2W = 1 and 2L = 16 mm. Fig. 3(b)
shows the computed shunt conductance as a function of frequency. It is seen that, series
impedance Z, is negligibly small over the frequency range 8 to 12 GHz. So, the doublet can
be represented by shunt admittance.

Conclusion: Analysis of an isolated waveguide slot doublet in a standard rectangular
waveguide is presented and it is observed that for standard waveguide the doublet can be
represented by shunt admittance. Computed results agree well with the published results.
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Fig. 3. Computed normalized (a) aperture field distribution across the slot length and (b)
shunt conductance as a function of frequency for different offsets of the slot doublet.
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Abstract

Computation of the admittance, conductance and suseptance of longitudinal shunt slot in a
rectangular waveguide is given here. For theoretical computation the values obtained from Method of
Moments (MOM) and simulated data obtained from computer simulation technology (CST) are
used.A moment methods with entire basis function is used for solving the electric field in the slot. CST
simulation based on finite integration technique (FIT) is also performed. Theoretical results compare
very well with simulated results.

LINTRODUCTION

Planar slotted waveguide antennas are extensively used in radar seeker due to its low profile
lightweight and compactness. An analysis of single longitudinal slot in the broad wall of rectangular
waveguide is presented. The equivalent shunt admittance of the slot is obtained from moment method
solution (MOM) of the field in slot aperture and compares these values with Computer Simulation
Technology Microwave Studio (CST). It is fully featured software package for electromagnetic
analysis. The solution also provides the resonant frequency (or resonant length) of the slot. The
reflection coefficients can be measured quite accurately for comparison with simulated theoretical
data and computed data. From the reflection coefficients, we get the normalized admittance and
susceptance, etc. We are working for standard waveguide, nonstandard waveguide (both a and b
variable) and reduced height waveguide. We are working in Ku-band waveguide in broad wall
longitudinal slot.

II. CONDUCTANCE-SUSCEPTA