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Abstract:

A Ku-Band array antenna with 4x4 rectangular microstrip
elements has been designed and developed for a distant point-to-
point data communication purpose. A stepwise approach of the
design with different array configurations have been studied and
the performances of single element, Ix2, 2x2, 2x4 and 4x4 have
been compared and reported. The design has been optimised using
IE3D electromagnetic simulation code and developed to meet the
required specifications. A unique dc shorting technique has been
proposed to enhance the antenna performance and reported.
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I. INTRODUCTION

A wireless communication system requires an antenna
designed to resonate at the pre-determined frequency of
operation which is system specific and decided by its
application. The operation in Ku Band is generally used for
satellite data communication systems. Present work aims at
designing an antenna array in Ku Band for its use as a test
antenna to evaluate the performance of a *satcom’ based data
communication system.

The requirement demands for a compact planar antenna
with moderate gain to operate in Ku-Band. Initially, we
attempted to design the array with coplanar feed network
scheme and found it to be difficult to route the feed lines
along with the printed radiators. In addition, the design
resulted in an antenna whose bandwidth was too narrow to
meet the requirement. To overcome these limitations,
multilayer microstrip arrays with proximity coupled feed
network has been designed and developed. Different array
configurations with increasing number of elements have been
worked out and simulated. Finally, a sixteen element array
antenna has been designed, optimised through simulation and
fabricated for the intended application. A study to incorporate
dc grounding scheme has been carried out and reported.
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Il. PROXIMITY COUPLED ANTENNA

The radiation from a microstrip patch antenna is
primarily because of the fringing fields between the patch
edge and the ground plane. In proximity coupled antenna, the
microstrip feed is of non-contact type and is placed on a
different layer of substrate than the patch radiators. The
microstrip antenna and the microstrip feed line shares a
common ground plane. The RF energy from the feed network
is coupled to the radiating patch electromagnetically, as
opposed to a direct contact type in which they are co-planar
and energy transfer takes place directly.

In the present assignment, the thickness of each of the
dielectric substrate is 0.8 mm and its dielectric constant (&) is
2.5. The top layer of the substrate consists of patch array, the
feed in the middle layer and ground plane at the bottom layer
as shown in Fig 1.
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Fig 1: Schematic of Proximity Coupled Antenna

The dimension of a Ku Band rectangular patch is very
small due to its frequency of operation. However, the widths
of the microstrip lines for various impedances in the feed
network do not change much for higher frequency of
operations. A microstrip line with 50 Q impedance is very
close to the resonant length of the radiating patch in Ku Band,
which may degrade the antenna performance. Therefore,
appropriate routing of the feed lines and its optimisation is
important to maintain its array performance.

Another important aspect of a microstrip array is the
spacing between the radiating elements. Closely spaced
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elements suffer from mutual coupling, on the contrary if the
separation is too far it causes grating lobes. In the present
design, separation between the two elements has been
optimized to 0.7A in both the directions. After designing the
single element proximity coupled antenna at the intended
frequency in Ku Band, it is duplicated and placed at the
optimised separation to configure the smallest array
configuration of 1x2 elements. This is further extended to
make 2x2, 2x4 and 4x4 arrays with appropriate routing of feed
network for the respective array.

The corporate feed network is chosen for designing the
array. Quarter-wave transformers are used in the printed feed
network to match impedances at various junctions
appropriately. In this work, equal power distribution has been
used to feed each of the microstrip patch. The feed lines of the
network terminate open ended underneath each of the
radiating patch elements which are energized through
proximity coupled technique.

The schematic of 2x2 array of rectangular patches, their
spacing and feed network on the bottom substrate have been
optimized and is as shown in Fig 2. The VSWR plot obtained
after simulation through IE3D is presented in Fig 3(a). The 2D
directional radiation patterns in two orthogonal planes are

shown in Fig 3(b).
|| | ]

Fig 2: 2x2 Array scheme with feed network
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Fig 3(a): VSWR plot of the 2x2 array
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1. INCORPORATION OF DC SHORT

In general, antennas are open-circuited and there is an
isolation between the signal and ground terminals. In any
antenna system, there is a possibility of the accumulation of
static charges in the vicinity of the antenna radiating element.
This accumulation of charges leads to the generation of
spurious fields which may likely degrade the antenna
performance. Even though there is isolation between the
radiator and the ground, it is possible to ground the static
charges. This can be done by introducing a low impedance
path or a dc short appropriately between the two terminals.
The dc short is generally used to bypass the spurious field and
radiations to the ground.
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Fig 3(b): Radiation pattern in E & H planes for 2x2 array

In the present design of Ku Band microstrip array
antenna, a unique scheme for dc grounding is proposed. A
microstrip patch antenna can be modelled as an open circuited
transmission line with two slots. The understanding of the
physical behaviour of the patch antenna reveals that the slots
are equivalent to terminations with very high impedances
when viewed from both sides of the transmission line. With
this assumption, the current is minimum at edges of the patch
which is near half-wave length long and the value is maximum
at the centre. Since the high value of current represents a short
circuit, and with this interpretation a conductive path has been
provided in the form of a vertical thin wire between the
radiating element at its central location and the ground plane.

Fig 4. Schematic of Proximity coupled patch with DC short
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The conceptual design has optimized through a process of
simulation by varying the location of shorting pin and
analyzing its effect on various antenna parameters. The
schematic of single element patch antenna with shorted pin is
shown in Fig. 4. A similar approach is followed for array
configurations.

We moved the location of the shorted pin along the axis
of the microstrip feed line, from the central location towards
the outward open circuit edge and found that its resonating
frequency increases gradually. In addition, a noticeable change
in the VSWR is also observed. The results are given in Fig 5
& 6 respectively.
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Fig 5. Resonating frequency changes on deviation of DC short from the center
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Fig 6. VSWR dependance on deviation of DC short from the center

I11. DESIGN OPTIMIZATION & HARDWARE DEVELOPMENT

The Ku Band operation restricts the design flexibility of
the array antenna particularly for 2x4 and 4x4 configuration.
However, through a process of simulation using IE3D, these
arrays have been optimised. The 4x4 array antenna has been
fabricated and the hardware of printed array and feed network
are shown in Fig 5.

Fig 7. Hardware of 4x4 Array Antenna and Feed Network
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The integrated array in its multilayer form has been
evaluated and its VSWR and radiation pattern are shown in
Fig 6 & 7 respectively. The comparative results of all the
antennas that have been simulated along with the measured
results of the 4x4 array are summarised in Table I.
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Fig 8. VSWR result of 4x4 Array Antenna
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Fig 9. Comparison of Simulation & Experimental Patterns of 4x4 Array

Table 1: Comparision table for simulated results

Antenna Bandwidth Gain in HPBW,in HPBW,
Array (VSWR <2) dBi degrees in degrees
configuration in MHz
Single 1510 6.7 774 91.0
1x2 3000 9.6 389 78.0
2x2 743 12.5 371 414
2x4 852 14.6 18.0 40.9
4x4 536 17.0 18.4 19.3
4x4 (Exp) 880 16.2 17.8 20.2
CONCLUSION

The design and development of a compact and planar
4x4 antenna array in Ku-band for its application as a test
antenna for evalution of ‘satcom’ datalink system has been
presented. A scheme for DC short for microstrip array in Ku
Band and its effect has been discussed.

10-14 December 2013



ACKNOWLEDGEMENT

The authors express their sincere thanks and gratitude
to Sri P. S. Krishnan, Distinguished Scientist and Director,
ADE, Sri R. Mathaiyan, Group Director for their constant
support to carry out the work and also for permitting this paper
for publication and presentation at the conference.

REFERENCES

[1] “Development of Microstrip Antenna Array with Proximity
Coupled Feed Network for Mini UAV Ground Station”, Diptiman
Biswas, Sandeep V, Dr. V Ramachandra, Malathi Limaye, 5t

International Radar Symposium India IRSI-2005.

[2] “Ku Band Microstrip Patch Antenna Array”, Omar Masood
Khan, Zaid Ahmad, Dr Qamar Islam, IEEE 2007.

[3] “Ku-band High Efficiency Antenna with Corporate-Series-Fed
Microstrip Array”, Gi-Cho Kang, Hak-Young Lee, Jong-Kyu
Kim, Myun-Joo Park, IEEE 2003.

[4] “A 4x16-Element Ku-Band Dual-Polarized Patch Antenna Array
for Space SAR Imaging: Design, Diagnosis and Measurement”,
Nanbo Jin and Yahya Rahmat-Samii, IEEE 2008.

BIODATA OF AUTHORS

Diptiman Biswas: BE in Electronics
Engg NIT, Jamshedpur 1993. M. Tech
in Microwave Engg. from IIT, BHU,
Varanasi 1995. Joined ADE as
Scientist in 1996. At present as Head of
Antenna Group, his research work
include configuration and design of
antennas for various indigineous UAV
systems. Using innovative & conceptual approach of design,
he has produced a number of antennas. He has authored a
number of technical papers and presented at various
conferences.

Priya B. K: B.E from Malnad College of
Engg, Hassan (Mysore University) in
Electronics & Comn in 2000. Project
Engineer in ADA till 2003. Joined as
Lecturer in Amrita School of Engg,
Bangalore till 2011. Presently pursuing
M.Tech from CMRIT, Bangalore (VTU)
in Digital Communication.

Nataraj B: M Tech in Communication
Systems(2011) from R V College of
Engineering, Bangalore and BE in
Electronics and Comn. Engg (2009) from
CMRIT, Bangalore. Currently working as
Senior Research Fellow in ADE with the
assignment of design & simulation of
various antennas.

NIMHANS Convention Centre, Bangalore INDIA

9th International Radar Symposium India - 2013 (IRSI - 13)

Dr. V. Ramachandra: Graduated from
Osmania University. Post graduated form
Kakatiya University, Warangal in 1980
with distinction. Awarded Ph.D. by BHU,
Varanasi in 1988. He is presently
Scientist ‘G’ and Head of the Technology
Division FTTT (Flight Test,
Telecommand & Telemetry) at ADE. He
has developed a number of Airborne
Antennas, Luneberg lenses, Doppler Miss Distance Indicator
System. Presently he is working on various technologies
related to Communication Systems, Datalink System, Ground
Control Station, RF Seekers, Radars, Power Systems, Sensor
Instruments etc. He has more than 175 technical publications /
reports. He has designed and developed number of import
substitutes at ADE. He is a member of IEEE, ATMS, AeSI &
SAQR Most of his designs / products have been
productionized and the items are being used by Indian Armed
Forces.

Prof. V N Dabade: Graduated in
Electronics & Comn. Engg. from College
of Engineering, Trivandrunm in 1971.
Joined Electronics and Radar
Development  Establishment (LRDE,
DRDO) in the same year and continued to
be there as till 2007. He has completed M
: Tech from 1T Kharagpur in Radar
System Engineering. His main field of work had been on
Microwaves, Microwave Antennas and Radar System. Joined
CMRIT as Associate Professor. He has been teaching
Microwave and Antenna system and guided to several under-
graduates and post-graduates since then. He has several papers
in National and International conferences.

10-14 December 2013



	Index

	Session 12

	Author Index




