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Abstract- This paper presents the design
model and simulation of 2x1 microstrip
patch antenna with multilayer LTCC
substrate for K-band application. The
specification for the proposed array antenna
is it has a frequency of 22GHz, Ferro A6S
LTCC substrate, an epsilon 5.9, a substrate
thickness of 0.096mm and copper thickness
of 0.0lmm. The design was simulated using
Computer Simulation Tool Microwave
Environment Software. LTCC Ferro A6S
was chosen as substrate compares to other
because it has high relative permittivity and
multilayer structure which result in a
compact size antenna. The performance of
the antenna was evaluated in terms of
bandwidth, gain, directivity, return loss, and
Voltage Standing Ratio (VSWR).

Keywords- Circular patch antenna, Low-
Temperature Co-fired Ceramic (LTCC)

I INTRODUCTION

In this paper K-band application frequency was
used. The range frequency for K-band it’s
between 18GHz — 26GHz. The K-band is used
primarily for radar  and satellite
communication. Microstrip antenna widely
used for various applications such as satellite
communication, wireless communication, GPS
and radar communication. [1] A microstrip
patch antenna is commonly wused in
communication device due to its small size,
thin profile configurations, conformity and low
cost. However their disadvantages by using
microstrip patch antenna it is limited
bandwidth of antenna. The bandwidth can be
increased but at the cost of size of the patch

making it large and bulky.[2] There are ways
to increase the bandwidth without increase size
of patch antenna its array. Antenna array it is
often convenient, simpler and more practical.
[3] Based on work done by Sanghamitra
Dasgupta [4], prove that the design antenna
array can increase the gain of antenna. To
overcome this problem of microstrip patch
antenna, the LTCC technique with array has
been used to improve bandwidth of antenna.

Low temperature co-fired ceramic is
widely used in wireless communication for
next wireless communication because in
wireless application are requiring low loss at
high frequency and good characteristic
comparative to cost. [5] Advantages of LTCC
such as its high temperature resistance, high
thermal conductivity, low dielectric loss and
excellent characteristics for high-frequency. [6]
LTCC also high-speed and functionality for
portable electronic device in rapidly expanding
mobile network system, so it’s suited to the
material of small antenna. [7] Their several
typical methods used to improve the bandwidth
using LTCC technique such as E-shape
microstrip patch antenna [8] ,H-type microstrip
slot antenna.[9] and multilayer air gap.[10] In
this paper, single and 2x1 circular microstrip
patch antenna was design with multilayer
substrate material Ferror A6S. Ferror A6S as
material substrate because of size patch of
antenna was proved by calculation. This
antenna was investigates on increases of
multilayer can increase the bandwidth and
gain, the performance comparison between
circular microstrip patch antenna and 2xI
circular microstrip patch array antenna, effect
of performance based on the distance between



2 element array for 2x1 circular microstrip
patch array antenna and also performance
circular microstrip patch antenna with different
conductor .

II. METHODOLOGY
The microstrip patch antenna with multilayer
substrate was designed and optimized using
Computer Simulation Tool to get the result of
return loss, VSWR, gain, and bandwidth
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Figure 1: Project Methodology

Figure 1 show the flow chart of methodology.
Project activities are start with research and
explore about LTCC (Low temperature co-
fired ceramic) and K-band application. The
microstrip patch antenna was design and
analyzed by using CST software. The design
specifications are used listed in Table 1.
Finally the result of microstrip patch antenna
was compared and analyzed in tern of return
loss, gain, bandwidth, and VSWR.

Table 1: Design Specification for Circular
Patch Antenna

Material Substrate Ferro A6S
Dielectric costant 59
Loss Tangent & 0.002
(il)lbstrate Height 96um
Center Frequency 22GHz
Copper Thickness 0.01lmm

A. Single Microstrip Patch Antenna Design

The calculation for circular microstrip
patch antenna using equation 1 and 2,
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¢ = speed of EM wave in vacuum 3x10®m/s
f= operational frequency

g, = substrate permittivity
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h = thickness of substrate
w = width of patch antenna
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Figure 2 shows the top of single circular patch
antenna. The dimension of the value a is 1.619
mm and W, is a 0.14665 mm.
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Figure 2: Single circular microstrip patch antenna

B. Circular Microstrip Patch Array Antenna

The antenna is integrated in multilayer LTCC
substrate with 2x1patch array antenna. Figure
3 show the top of circular patch array antenna.

Figure 3: Structure of the two element antenna array

The design as show in figure 3 is design of two
element circular microstrip patch antenna such
as single element antenna as show in figure 2.
The input impedance of the microstrip feed
line is 50Q. Quarterwave transformers
technique is used to match the 50Q2 microstrip
line where, Ls, is the length of 50Q microstrip
line. In between both are connected by 35.36Q2
microstrip line with length is Ag/4. The
parameters (d) of between 2 element show in
table 2.

Table 2: Spacing Between 2 Element

Ag 5.7535mm
Ag/2 2.8768mm
Arg/4 1.4384mm

C. Multilayer Substrate

Figure 3 shows the multilayer design for 8
LTCC layer. The antenna is designed to
operate at 22GHz frequency, using Ferror A6S
dielectric material, the specification of design
antenna shows at table 1.
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Figure 3: Multilayer substrate
1L RESULT AND DISCUSSION

This project of antenna was investigate on
increases of multilayer can increase the
bandwidth and gain, the performance
comparison between circular microstrip patch
antenna and 2x1 circular microstrip patch array
antenna, effect of performance based on the
distance between 2 element array for 2x1
circular microstrip patch array antenna,
performance circular microstrip patch antenna
with different conductor and also performance
antenna with parasitic element with multilayer
substrate.

A. Single layer and Multilayer Substrate

The simulated antenna S-parameter (S;))
versus frequency is shown in figure 4 for 8
layers which show the return loss is below -
10dB is follow the standard IEEE for design



antenna. To get the better performance for
return loss the patch of antenna was optimize
until the value of return loss was below -10dB
follow the IEEE standard.
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Figure 4: Return Loss single Circular Microstrip
patch antenna

The result voltage standing wave ratio of the
circular microstrip patch antenna with LTCC
technology at center frequency of 22GHz
shown in figure 5. At the center of 22GHz, the
simulated result VSWR value is below 2. Low
value of VSWR indicates the antenna have a
small value of reflection coefficient.

Farfield Gain Abs (Phi=0)
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Figure 6: Simulated radiation pattern gain for single
circular microstrip patch antenna

Figure 6 shows the radiation pattern gain at
22GHz for single layer and multilayer
substrate. By Increases of substrate can be
affected the radiation pattern gain.. The best
value of antenna gain is 5.57dB at the layer 3.
The best result of radiation pattern (3D) of the
microstrip patch antenna at layer 3 shown at
figure 7.
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Figure 5: VSWR Single Circular Microstrip Patch
Antenna

Figure 7: The radiation pattern (3D) for single
circular microstrip patch antenna at layer 3
Table 3: Comparison between Single Layer
and Multilayer Substrate
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The comparison result between single layer
and multilayer shown in figure 3. The entire
circular microstrip patch antenna with
multilayer substrate proves that by using LTCC
technology can increase gain and bandwidth
performance. When compare between layer 1
and layer 8 the antenna bandwidth increase
63.95% while gain of antenna increase 33.86%
at center frequency 22GHz.

B. Simulation for Conventional Circular
Patch Antenna Circular Array Patch
Antenna with LTCC Technology

This antenna was design circular patch
array antenna with distance between 2
elements its A/4. This antenna design is
investigate the performance of array antenna
with multilayer substrate at resonant frequency
22GHz.
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Figure 8: Return loss of circular patch array antenna
(Wv4)

The simulated -10dB return loss of the antenna
array shown in figure 8. The simulation result
gives a return loss of below -10dB at operating
frequency 22GHz. For IEEE standard the ideal
value for S-parameter is below -10dB.
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Figure 9: VSWR for circular patch array antenna
(V4)

Based on paper [11] increases the radius of
patch can be affected result of VSWR. The
best result VSWR at frequency 22GHz
frequency after radius of patch antenna was
optimizing shown in figure 9.
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Figure 10: Simulated radiation pattern gain of
circular patch array microstrip patch antenna (A/4)

The simulated of radiation pattern gain for
circular microstrip patch antenna shown in
figure 10. Main lobe magnitude of circular
antenna array for each layer is closely to 0 dB
at center frequency 22GHz. Figure 11 show the
simulated gain for the circular patch antenna
array at 22 GHz. The best result simulated gain
for this design is 7.71dB was at layer 3. The
performance result between circular patch
antennas with circular patch array antenna in
table 4 proved that using LTCC substrate for



circular patch array antenna can be improve
performance of gain and bandwidth antenna
design.

Figure 10: 3D Simulation radiation pattern gain of
circular patch array antenna (A/4)

Table 4: Performance between Conventional
Circular Patch Antenna and Circular Patch

Array Antenna
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C. Performance Comparison Between
Distance of Two Element Circular Patch
Antenna Array((2/4), (A/2), )

The design of two element array consists of
two circular microstrip patch antenna. The
input impedance of the feeding network is
50Q. This design to investigate the
performance of antenna with multilayer
substrate based on the spacing between 2
element circular patch antennas. Parameters of
spacing between two elements as shown at
table 2. However this design only done until

layer 6, because at layer 7 and 8 the size of
patch became larger. So its no suitable for this
design.
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Figure 11: Return loss of circular patch array
antenna (M/2)

Figure 11 shows the frequency versus return
loss for the antenna at frequency 22GHz after
optimize size patch of antenna. From figure 11
shows the return loss at frequency 22GHz is
below than -10 dB for each layer substrate.
VSWR also been affected when the patch
radius optimize, the result of VSWR after
optimize shown figure 12. The ideal VSWR
value for design antenna is equal to one.

Voktage Standing Wave Ratio (VSWR)

layer1 : 1.0409219
layer2 : 1.0888703
layer3 : 1.1479803
layer4 : 1.0369526

layer6 : 1.8056548

; : H =l —
18 19 20 2 2] 3 b2}
Frequency / GHz

Figure12: VSWR for circular patch array antenna
w2)
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Figure 13: Simulated radiation pattern for gain of
circular patch array antenna

The simulation result of radiation pattern for
gain for each layer shown in figure 13. The
higher main lobe magnitude for the gain
obtained is 7.4 dB was at layer 3.

Figure 14: 3D Simulation radiation pattern gain of
circular patch array antenna (A/2)

Figure 14 is best result of simulated radiation
pattern of circular patch array antenna at layer
3 with directivity 8.89 dB and gain 8.05 dB.
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Figure 15: Return loss of circular patch array
antenna (1)

The simulated -10dB return loss of the
proposed circular patch array antenna at the
distance between two elements is A shown in
figure 15. The higher bandwidth of -10dB
return loss obtained at the layer 6 was 513
MHz (from 21.733GHz to 22.246GHz).
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Figure 16: VSWR for circular patch array antenna
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Result voltage standing wave ratio of the array
antenna (1) with multilayer substrate shown in
figure 16. At the center frequency 22GHz the
best result of VSWR value is 1.07 at layer 3.
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Figure 17: Simulated radiation pattern gain of
circular patch array antenna (1)

The radiation pattern gain result of circular
patch array antenna for each layer shown in
figure 17. The higher main lobe magnitude
(gain) can be obtained at layer 4 is 8.0dB.
Figure 18 show the radiation pattern at 22GHz
for layer 4. The simulated radiation pattern
gain of 2 by 1 at layer 4 is 8.99dB. According
paper [13], the array design antenna generates
more intensity and focus at more of radiation.



D. Design Circular Patch Antenna Using
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array with multilayer substrate must be
consider the range frequency for K-band

L Analysis result of return loss for multilayer
application. [13]

substrate microstrip patch antenna with
material silver shown in figure 19. After

Table 5: Result of Circular Patch Antenna adjusting the radius of patch antenna the return

— — Ar;"?y —— loss results for single layer is -25.70dB and
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Figure 20: VSWR of circular patch antenna
(Silver)

Result of voltage standing wave ratio shown in
figure 20. The value VSWR for single layer is
1.11 and 8 layer is 1.16. The ideal VSWR
result for antenna design is equal to 1.



Farfield Gain Abs (Phi=0)

layer1
layer2
layer3
layerd
layer6

layer8

Theta / Degree vs. dB

Figure 21: Simulated radiation pattern gain of
circular patch antenna (Silver)

A figure 21 shows comparing the each layer
for silver conductor, the radiation pattern
performs the best result main lobe magnitude
at layer 3 was 5.6 dB.

Farfield 3-dimensianal plot for layer 3 is
shown in figure 22. It shows that the best result
gain for multilayer substrate of the antenna is
5.59 dB at layer 3.

Figure 22: 3D simulated radiation pattern gain of
circular patch antenna (Silver)

Table 6 shows comparison result between
material copper and silver patch of antenna
with LTCC substrate. From this table, the
better material to use for patch and ground is
silver because the value of gain performance is
higher than copper material.

Table 6: Result of Circular Patch Antenna with
Different Conductor
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E. Design Microstrip Patch Antenna with
Parasitic Patch in K-band with LTCC
Technology

In paper [15] Tomohiro Seki using parasitic
method can be increase the bandwidth of
antenna. From his paper, design the 3 layer
with 2x2 parasitic array for each layer. In this
paper the circular microstrip patch antenna
with parasitic patch design for K-band
application is presented.
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Figure 23: Return loss of circular patch antenna
(Parasitic)

The simulated -10dB return loss of the antenna
shows in figure 23. From simulation the better



result S-parameter obtains is -31.739 dB at
22GHz.
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Figure 24: VSWR of circular patch antenna
(Parasitic)

Figure 24 shows the voltage standing wave
ratio for each layer substrate. From simulation
result the best result was obtained is 1.05 at
layer 1. A perfect antenna design would have
VSWR is equal to 1.
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Figure 25: Radiation pattern of circular patch
antenna (Parasitic)

The radiation patterns of the antenna from
layer 1 until layer 8 are shown in figure 25 at
resonant frequency is 22GHz.
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Figure 26: (3D) Radiation pattern of circular patch
antenna (Parasitic)

The radiation pattern (3D) for circular patch
antenna with parasitic patch shows in figure
26. The figure shows the best result of gain at
layer 5 which 5.730 dB when compare with
other layer.

Table 7 shows the comparison between with
parasitic and without parasitic patch with
LTCC technology.

Table 7: Comparison result between with
Parasitic and without Parasitic
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IV.  CONCLUSION

The objective of this project is to investigate
microstrip  patch antenna with LTCC
technology at frequency 22GHz can increase




the gain and bandwidth of antenna with
different technique for the case study
multilayer structure design can increase
33.86% gain and bandwidth 63.95%. The
performance for patch array antenna with
LTCC technology increases gain 39.88% and
55% bandwidth. All the case was done its
effect the result of gain and bandwidth.
However, some of the technique the value of
gain increases until 3 layer of substrate. That
means the best layer to choose this design
antenna with this specification as shows at
table 1 was layer 3.

V. RECOMMENDATION STUDY
AND EFFECT

The performance antenna with LTCC
technology can be upgrade by uses several
methods to improve performance gain and
bandwidth of antenna such as slotted patch
antenna with parasitic in K-band application.
This type of design it’s more suitable for 8
layer LTCC substrate at higher frequency.
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