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Abstract —A novel four-element Multiple Input Multiple Output (MIMO) with unique polarization arrangement
and high isolation between elements is presented in this paper. First, a truncated edge method is used to obtain a
single antenna with circular polarization. Then by positioning the feed point at a certain location, Right-Hand
Circular Polarization (RHCP) or Left-Hand Circular Polarization (LHCP) is obtained for a single antenna. After
that, four elements of these antennas are arranged with several polarization configurations both in Co-Polarization
and Cross-Polarization. Both simulation and measurement results showed that MIMO with Co-Polarization has a
slightly wider bandwidth equal to 295.25 MHz than cross-polarization with a bandwidth of 274.63 MHz, due to
better return loss performed by the former. However, from the mutual coupling perspective, it is observed that
MIMO with Cross-Polarization can reduce the mutual coupling from -17.6676dB into -22.462 dB compared to

Co-Polarization with the same element distance.

Keywords — MIMO, circular polarization antenna, cross-polarization, 5G

I INTRODUCTION

The rapid development of many areas triggers
increasingly high demand speed of Internet access. 5G
(fifth generation) wireless communication is one of the
technologies that can provide high-speed Internet
service. The technology is planned to be implemented
in 2020 in Indonesia. 5G is expected to support data
rates of up to 10 Gbps for uplink and 20 Gbps for
downlink, latency values less than 1 ms, high reliability,
and stable connectivity [1]. Such performance is
supported by the multiple antenna distribution arranged
linearly, cylindrically, and in planar configuration[2]-
[5]. In addition, the planar shape antenna arrangement
is easier to install on a flat surface of the building [6].

5G communication was recommended on several
frequency spectrums candidates capable of delivering
wide coverage and supporting a large number of users.
The frequency allocation candidate for 5G is Sub-1
GHz, 1-6 GHz, and above 6 GHz. The frequency range
1-6 GHz offers good coverage and capacity advantages.
The spectrum range 3.3-3.8 GHz is frequency
operation of many 5G services [7], [8].
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5G technology adopts the MIMO system usage on
its antenna to obtain the specification previously
mentioned. MIMO (Multiple Input Multiple Output)
antenna systems utilize more than one antenna on the
transmitter side and the receiver side to increase the
channel capacity without increasing bandwidth and
power [9]. Regarding several previous research [10]—
[12], it was discussed and studied that the performance
of a MIMO antenna system is influenced by the number
of antennas and antenna characteristics and its array
configuration. Therefore, coupling is an important
aspect that needs cosideration in MIMO antenna
design. Furthermore, the antenna polarization on each
MIMO element also influences the mutual coupling
between antenna elements. Configuring a certain
polarization of antenna elements is considered an
attempt to reduce the mutual coupling value in the
MIMO system [13]-[15].

One of the methods used to reduce mutual coupling
is by using a polarization conversion isolator [13],
decoupling ground [14], or electromagnetic bandgap
(EBG) [15]. However, all those mentioned methods
require additional components between radiating
elements that increase the antenna's overall size. This
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paper performed a study on polarization configuration
in MIMO antenna without using additional elements.
The case study at the 5G spectrum at a frequency range
of 3.3 GHz to 3.8 GHz was carried out to analyze the
polarization arrangement of the circular patch elements
of the planar MIMO antenna. A truncated method is
elaborated to obtain a circular polarization property of
the antenna. The feed point selection is used to adjust
the circular polarization type both as the right hand and
left hand.

The MIMO microstrip antenna system needs to
determine proper polarization arrangement to produce
the optimal MIMO antenna performance. In this paper,
an investigation of the MIMO antenna polarization
arrangement effect has been conducted with Co-
Polarization configurations and Cross-Polarization,
which are arranged in the field against the mutual
coupling and the channel capacity for 5G
communication.

The discussion on this paper was organized as
follows. Section | elaborates the background and
problems in the paper. Then in Section Il, there is a
MIMO antenna design with a circular patch element
compiled with several polarizing configurations to
obtain the optimum MIMO arrangement. Section IlI
discusses the number of results obtained, while Section
IV shows the analysis of the mentioned results. Finally,
section V is the conclusion

Il.  RESEARCH METHODS

A. Circular Polarization Patch Antenna

In this study, the circular-shaped patch element was
selected as a MIMO antenna element that easily
regulates the type of polarization by adjusting the
location of the feeding point. For the circular patch
microstrip antenna, several formulas are used to
determine the dimension of the antenna [16]. The radius
of the patch can be calculated using (1), with h is the
substrate thickness, & is the relative dielectric
permittivity of substrates fr is the frequency of the
resonance antenna, and a can be determined by using
(2) and (3)[17].

1
r=a{l+2 [In (Y +1,7726]2 (1)
masy 2h
F

a= (2)

2h nF %

{ ey Alin(G)+1,77261}

F = 8.791x10” 3
N fr\/Sr ( )

The substrate thickness is determined from the
material used to realize the antenna. In this design, the
RF-4 (Epoxy) substrate is used and generally has a
thickness of 1.6 mm. While on the patch and ground
plane, the copper material has a thickness of 0.035 mm.
The minimum dimensions of the ground plane and
substrate can be calculated using the following equation
in (4-5) [18], with W and L are approached with a
diameter of the patch (2r)
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Wy =6h+W (4)
Ly =6h+L (5)

As shown in Fig. 1, the coaxial probe's technique is
used to connect antennas with excited signal sources.
This technique is chosen because it is easier to
determine the feeding point, which is then used to
determine antenna polarization. Input impedance and
polarization adjustment of the antenna can be
performed by placing a feed point at a certain position
on the antenna patch [18].

Circular micro
patch ™

E—

Fig.1. Coaxial Probe technique.

Truncated edge is applied to produce circular
polarization on the used antennas. For example, a
truncated patch with an angle of 135° or 315° slope, as
shown in Fig 2, will cause surface currents to spin over
the patch and produce LHCP or RHCP polarization
[18].

@

Fig. 2. Truncated edge at Circular Patch Antenna

The truncated edge method on the circular patch
adopts the truncated corner method performed on a
rectangular patch to obtain the circular polarization.

@
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The corner truncated of a rectangular patch with
equilateral triangle forms can be determined using the
calculations (6-8) [19].

s = VAS, (6)
AS is the area of antenna angle intersection and
calculated with the following equation.

As_1 7
w 20

W is the width or diameter of the antenna, while Q
is a quality factor of the antenna. Moreover, the antenna
quality factor can be determined using (8).

Q=" ®)

BWn

fo is the center frequency operation of the antenna
and BWy is the antenna bandwidth. From the above
formulas, there is an equation that can be used to
calculate the value of s directly, as written in (9).

o
s=v= ©)

Where W is the width or diameter of the antenna,
while Q is a factor of quality that is owned by an
antenna.

In the circular microstrip patch antenna design, the
copper material with a thickness of 0.035 mm is used as
the patch and ground plane material. Meanwhile, the
substrate is using the RF-4 Epoxy material that has a
thickness of 1.6 mm, and & = 4.3. The selection of
substrate material is based on the properties of the RF-
4 Epoxy substrate, which has a moderate thickness,
dielectric constant, and is relatively cheap to produce
the antennas with wide bandwidth. Table 1 shows the
specifications of a single circular patch microstrip
antenna designed.

Table 1. Specification of Single Patch.

Specification Description
Patch shape circular
Return Loss <-10dB
Axial Ratio <3dB atawhole

bandwidth
Polarization LHCP/RHCP
Frequency 3,3GHz -3,8 GHz
range

The circular patch dimension calculation is started
by determining the antenna’s resonant frequency. In
this research, a case study was carried out on designing
the MIMO antenna for 5G at a frequency of 3.5 GHz.
So, using 3.5 GHz as the resonance frequency (f~), and
the substrate data, the radius of the circular patch (r)
can be determined using (1-3). Then the substrate and
ground plane dimensions (I and wy) are determined
based on (4-5). The dimensions of the circular patch
are then listed in Table 2.

Table 2. Calculation Results of the Antenna Dimension.
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Parameter Description Value (mm)
h Dielectric thickness 1,6
t Conductor thickness 0,035
r Patch radius 12,125
wy Groundplane width 36,658
lg Groundplane length 36,658

The next step is to perform a computer simulation
with the corresponding antenna dimensions in Table 2.
Based on the quality factor obtained from the
simulation result, the truncated part on the antenna
patch with the truncated edge technique can be
determined. Truncated field calculations are obtained
using (7). On the RHCP single patch antenna, a port
point placement is found on the y-axis for x = 0, as
shown in Fig.3.

Table 3. Optimized Result of Single Patch Dimension

Parameter Descfiption Value (mm)

h Dielectric thickness 1,6
t Conductor thickness 0,035
r Patch radius 11,75

Wy Ground plane width 33,86
Iy Ground plane length 33,86
S Truncated edge size 0,949

Wg
Lg

Fig. 3. Circular patch antenna dimension with RHCP.

The simulations were performed using a 3D
Modeler software based on the antenna dimension
listed in Table 3. The obtained result on the return loss
is depicted in Figure 4. It can be seen on the result that
the lowest return loss value is at a frequency of 3.586
GHz, with a return loss 0f-27.419348 dB. Antennas
have a return loss value below-10 dB starting from
3.3308 GHz to 3.6674 GHz.

o Single Patch RHCP

s'H

s
0k

-15

S-Parameter (dB)

-20

25

3oL L
33 3.35 34 345 E 3,58

Fig. 4. Return LossE)fElnéIe patch with RHCP.
The antenna radiation pattern is shown in Fig.5, and
the result indicates that the maximum direction is

@)

L L L J
3.65 37 3.75 38
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perpendicular to the patch plane with a beamwidth
value of 97°. The axial ratio is observed at the
maximum direction, and the result is shown in Fig. 6.
For the lowest axial-ratio value that meets the antenna'’s
working range frequency, it is at a frequency of 3.435
GHz with an axial ratio of 0.11155267 dB on phi = 0,
as seen in Fig.6. Meanwhile, to determine the type of
polarization RHCP can be seen using the distribution
current at the patch surface which describes a rotation
direction. The RHCP polarization type can be seen
from the direction of the rotation that is
counterclockwise (CCW), as shown in Fig.7. It is
indicated by black arrow on upper left corner of image
appears rotated to the left.

Farfield Directivity Abs (Phi=0)
0

30 30
60 -60
90 90 RHCP
120 -120
150 -150
180
Theta/Degree vs. dBi
Fig. 5. Farfield polar plot of RHCP.
w0 Farfield Axial Ratio (Phi=0)
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Fig. 6. Farfield Axial Ratio Cartesian of RHCP.

=
Fig. 7. The direction of the Rotation is Shown as RHCP
Polarization.

In addition to observing the direction of the current
rotation, the type of polarization between RHCP and
LHCP in simulation results can also be determined
from which one has a larger directivity value. For
example, in RHCP single patch antenna, the directivity
data were obtained at a frequency of 3.435 GHz with a
value of 6.049 dBi for the Right Polarization. At the
same time, it only had a directivity value of -57.798 dBi
for Left Polarization. Thus, it can be concluded that the
single patch antenna simulated has Right Hand Circular
Polarization (RHCP).

In a single patch antenna simulation with Right
Hand Circular Polarization, the axial ratio bandwidth
for circular polarization is 65.5 MHz , located at a
frequency range of 3.3925 GHz to 3.458 GHz. The
bandwidth value of the circular polarization axial ratio
is compared with the return loss bandwidth, which has
a value of 0.196%. So it can be stated that a single patch
antenna RHCP with a bandwidth impedance of 333.99
MHz has 0.196% of its frequency range that generates
a circular polarization wave.

A single patch antenna with LHCP is obtained by
placing the coordinate of the feed point on the x-axis
for y=0as in Figure 8.

Wg

Fig. 8. Single Patch LHCP antenna.

The antenna radiation pattern is shown in Fig.10,
and the result indicates that the maximum direction is
perpendicular to the plane with a beamwidth value of
97.3° The axial ratio is observed at the maximum
direction and the result is shown in Fig. 6. The lowest
axial ratio is at a frequency of 3.435 GHz with an axial
ratio of 0.0092366876 dB on phi =0, as seen in Fig.11.
Meanwhile, the type of polarization can be observed
using the distribution current at the patch surface,
which describes a rotation direction. The LHCP
polarization type can be seen from the direction of the
rotation that is clockwise (CW), as shown in Fig.12. It
is indicated by black arrow on upper left corner of
image appears rotated to the right.

©)
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Single Patch LHCP
T T T

S-Parameter (dB)
N .
e

a0l I I I I
33 3.35 34 345 35 355 3B 3.65 37 3.75 38
Frequency (GHz)

Fig. 9. Return Loss single patch LHCP Graph.

Farfield Directivity Abs (Phi=0)
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Fig. 10. Farfield polar plot of LHCP

Farfield Axial Ratio (Phi=0)
T T T

0 — I — I S I —

T
LHCP
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Fig. 11. Farfield Axial Ratio Cartesian plot of LHCP

Fig. 12. The direction of the Rotation is Shown as LHCP
Polarization
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The Left Polarization directivity value larger than
the Right Polarization. The directivity for LHCP
direction at 3.435 GHz is 6.011 dBi, while for RHCP
direction is only -53.914 dBi. Thus, it can be concluded
that the single antenna simulated has a Left-Hand
Circular Polarization (LHCP). The axial ratio
bandwidth of LHCP simulation is 66 MHz within the
working frequency 3.3925 GHz — 3.4585 GHz, which,
if compared with the return loss bandwidth, has a value
of 0.197%.

B. MIMO Antenna with Co and Cross Polarized
Configuration

After designing a single patch microstrip antenna
with Right Hand Circular Polarization and Left-Hand
Circular Polarization, the MIMO antenna design was
conducted, consisting of 4 single patch antenna
elements. The distance between the elements is
determined by a half wavelength of resonances

0

frequency (d=@) with A =—". Thus, the
2 er V‘s—

minimum distance between antennas is 26.68 mm.
Furthermore, the distance is optimized into 34 mm to
obtain the S-Parameter values that meet the desired
specifications, which are under-10 dB for the return loss
value, and below -20 dB for the mutual coupling
value[20], [21].

This research investigated two types of polarization
configuration in the MIMO antenna. The first
polarization configuration composes four single CP
patch elements into the MIMO antenna with Co-
Polarization, and the second polarizing configuration
composes the antenna with the Cross-Polarization
configuration. The two types of polarization
configuration of four-element MIMOQO antenna are
depicted in Fig 13 and 14.

@
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(b)

Fig. 13. MIMO Co-Polarization Antenna (a) RHCP (b) LHCP

Xa

N

3

@

(b)

Fig. 14. MIMO Cross-Polarization Antenna (a) R-L-R-L and
(b) R-L-L-R

(b)

Fig. 15. Realization Result. (a) Co-Polarization MIMO; (b)
Cross-Polarization MIMO.

I1l. RESULTS

Laboratory measurements were performed to
validate the previously obtained results. The MIMO
antenna with several configurations depicted in Fig. 13
dan 14 was fabricated for laboratory measurement. The
fabrication result of the MIMO antennas is shown in Fig
15. The phase difference measurement was conducted
to prove the presence of RHCP or LHCP polarization
on the designed antennas. The phase measurement
performed by placing an antenna transmitter, and a
dipole antenna as receiver. The observation data
analyzed is at a frequency of 3.435 GHz. The obtained
phase measurement data is then reported in Table 4. The
results indicate that element 1 and element 2 are proven
the LHCP and RHCP.

Table 4. Measurement Result.

AL Vertica  Horizonta P TS Descriptio
a | Phase | Phase D31 n
Element e
0 _ o | 0
EIeTent 4,67 57,26 52,59 LHCP
- o - 0 0
Eler;ent 64,54 142,42 77,88 RHCP

A. Co-Polarized Configuration

The S-Parameters comparison between simulation
and measurement result for the Co- Polarized
configuration is shown in Fig 16. From this result, we
can see a slight discrepancy between simulation and the
measurements result due to the accuracy of the
fabrication. The comparison result is also summarized
in Table 5. The highlight of the green color illustrates
the lower S-Parameter value, whereas the orange color
illustrates the higher S-Parameter value.

Co-Polarization Return Loss

S-Parameter (dB)

Vi
0 A1
33 335 34 345 35 355 36 365 37 375 38
Frequency (GHz)

Fig. 16. Return Loss Between Simulation and Measurement

Table 5. S-Parameter Differences Between Simulation and
Measurement for Co-Polarization Configuration

Parameter Slrrzgg;lon Measurement (dB)
S11 -11.832 -14.272
S22 -12.889 -14.980
S33 -12.679 -12.488
S44 -11.844 -13.352
S12 -17.683 -21.950
S13 -37.900 -18.405
S14 -36.842 -26.923
S21 -17.679 -22.591
S23 -24.093 -26.935
S24 -37.345 -16.948
Jurnal Infotel Vol.14 No.1 February 2022 :
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Parameter Slm(glg)tlon Measurement (dB)
S31 -37.801 -18.946
S32 -24.093 -27.533
S34 -17.684 -21.395
S41 -36.886 -27.420
S42 -37.345 -16.761
S43 -17.684 -21.167

In addition, from the bandwidth comparison
between simulation and fabrication in Table 6, a slight
difference in bandwidth can be observed. However, the
overall result shows that the measured impedance
bandwidth was greater than the simulation.

Table 6. Bandwidth Differences Between Simulation and
Measurement for Co-Polarization Configuration

Co-Polarization S aaliticl

Parameter Simulation (dB) Meas(grBe)ment
BW Patch 1 0.292 GHz 0.304 GHz
BW Patch 2 0.297 GHz 0.3615 GHz
BW Patch 3 0.2995 GHz 0.37 GHz
BW Patch 4 0.2925 GHz 0.354 GHz
Average BW 0.295250118 GHz 0.347375 GHz

B. Cross-Polarization Configuration

Comparison of simulated results and measurements
for cross-polarization configurations are shown in
Figure 17. From this result, we can see a slight
discrepancy between simulation and the measurements
due to the fabrication process's accuracy. The S-
Parameter plot in Fig 17 shows a frequency shift
towards the right when comparing the measured result
with the simulation result. The comparison result is
also summarized in Table 7. The difference evaluation
of S-Parameter simulation results and the measurement
has been performed at the frequency point 3.357 GHz.
The highlight of the green color illustrates the lower S-
Parameter value, whereas the orange color illustrates
the higher S-Parameter value.

Cross-Polarization Return Loss

S-Parameter (dB)

Fig. 17 Return Loss Between Simulation and Measurement for
Cross-Polarization

Table 7. S-Parameter Differences Between Simulation and
Measurement for Co-Polarization Configuration

Parameter s"n(glg)tlon Measurement (dB)
S11 -15.6717 -16.44407
S22 -17.2945 -18.97
S33 -17.134 -18.8481
S44 -15.8863 -16.58
S12 -22.0532 -24.7245
S13 -21.9221 -23.9226
S14 -21.908 -23.8862
S21 -22.0913 -24.7467
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Simulation

Parameter (dB) Measurement (dB)
S23 -35.6467 -33.2397
S24 -20.2737 -22.2364
S31 -21.9223 -23.8072
S32 -35.6399 -33.8229
S34 -20.5251 -23.0511
S41 -21.9069 -23.1167
S42 -20.2734 -22.7371
S43 -20.5578 -23.6379

There is a difference in return loss value and mutual
coupling between the simulation result and the result
of antenna measurement due to the frequency shifting
that occurs during the measurement process. The
dielectric constant difference values cause frequency
shifting. of the simulated antenna substrate and the
measurement result of the fabrication antenna. As well
as the difference in the point of the simulation and
fabrication results, the impedance value is on the
fabrication result antenna is different from the
simulation results. However, the average value shows
better results on the mutual coupling data of the
measurement results. Table 7 shows the bandwidth
value of the MIMO cross-polarization antenna for both
measurement and simulation.

Table 8. Bandwidth Differences Between Simulation and
Measurement for Cross-Polarization Configuration

Cross-
Cross-Polarization Polarization
PEIIICT Simulation (dB) Measurement
(dB)
BW Patch 1 0.2495 GHz 0.3025 GHz
BW Patch 2 0.3055 GHz 0.259 GHz
BW Patch 3 0.2885 GHz 0.2915 GHz
BW Patch 4 0.255 GHz 0.2945 GHz
Rata-rata BW 0.274625003 GHz 0.286875 GHz

According to Table 8, we can find that on the
MIMO cross-polarization antenna, neither the
simulation nor the measurements indicate the greater
bandwidth value than the MIMO co-polarization
antenna both in simulation and measurement. This
condition is due to the average return-loss of graphs on
the MIMO co-polarization antenna showing better
results. However, although the MIMO Co-Polarization
antenna return loss is better than Cross-Polarization, it
could be observed from the mutual coupling. The
MIMO Cross Polarization antenna shows better
results, as all mutual coupling values meet the
specification results, i.e., smaller than-20 dB.

Simulation Comparation

S-Parameter (dB)
: B

33 3.35 34 3.45 35 3.55 36 3.65 37 3.75 3.8
Frequency (GHz)

Fig. 18 Return Loss Simulation Comparison Between Co-

Polarization and Cross-Polarization
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IV. DISCUSSION results confirm that the Cross-Polarization

Polarization arrangement on MIMO antenna configurations have better mutual coupling than Co-
elements in Co-polarized and Cross-Polarized ~ Polarized configurations.
configuration aims to compare the results obtained from Comparation of Simulation Result

-15

these two polarization settings against the reviewed S- TN ]
parameters, including return loss and mutual coupling. P N e
Based on the Return loss result in Figure 18, it is -
revealed that the return loss value on the MIMO
antenna of simulated results for co-polarization .
configurations has lower values, as all values are /
below-10 dB. The value of the return loss affects a large
bandwidth.

Table 9. Bandwidth Comparison Between Co-Polarization and
Cross-Polarization Simulation

S-Parameter (dB)
PN
g 8
/
/
1
/A
o
/
/

&
[—
——

/

S
5

IS
&

w
@

3.35 3.4 3.45 35 3.55 36 3.65 37 3.75 3.8
Frequency (GHz)

Fig. 20 Simulated Mutual Coupling Antenna.
From the measurement result shown in Figure 21, it

Co-Polarization Crosss could be seen that S21 Co-Polarization has better
Parameter " " Polarization . L
Simulation Simulation mutual coupling compared to Cross-Polarization at -
BW Patch 1 0.292 GHz 0.2495 GHz 45dB and -39 dB, respectively. However, it could be
BW Patch 2 0.297 GHz 0.3055 GHz seen that not all mutual coupling values in bandwidth
BW Patch 3 0.2995 GHz 0.2885 GHz observed for Co-Polarization Antenna meet the
BW Patch 4 0.2925 GHz 0.255 GHz e .
Average BW  0.295250118 GHz  0.274625003 GHz specification results of -20dB, while for Cross-

Polarization has a mutual coupling below -20dB in all
The measurement result shown in Fig. 19 and Table ~ Observed bandwidth.

10 that Co- Polarized configuration has larger The comparison of radiation patterns aims to
bandwidth than the Cross Polarized configuration. determine the difference in the effect of polarization

Comparation of Fabrication Result arrangement on the MIMO antenna against the
‘ T transmission beam direction formed by the antenna. Fig
22 and 23 shows radiation patterns formed by each
polarizing configuration on the MIMO antenna. The
Co-Polarized and Cross-Polarized configuration have
relatively the same radiation pattern. This is because
both configurations have a directional pattern. It means

45/ \\fN /\/\/

S-Parameter (dB)

\/ \\ ,r that the polarization arrangement has no significant
) ¥ 1 influence on the radiation pattern.
30 . \ . \\/ . . . . s Comparation of Fabrication Result
33 3.35 3.4 345 35 3.55 36 3.65 37 3.75 38 - |
Frequency (GHz) 20 [ — X /Tﬁ s ;
Fig. 19 Return Loss Measurement Comparison Between Co- af At A N PPsE o N 3 e Pl

Polarization and Cross-Polarization.

S-Parameter (dB)

Table 10 Bandwidth Comparison Between Co-Polarization dan % \ 1
Cross-Polarization MIMO Measurement 40 \} A
L Cross-
CO'POIarIZatIOn 1 1 75033 335 34 345 35 3.55 36 365 37 375 38
Parameter Simulation Polarization Eraueney (G
Simulation . .

BW Patch 1 0.304 GHz 0.3025 GHz Fig. 21 Measured Mutual Coupling Antenna.
BW Patch 2 0.3615 GHz 0.259 GHz

BW Patch 3 0.37 GHz 0.2915 GHz

BW Patch 4 0.354 GHz 0.2945 GHz Element 1
Average BW 0.347375 GHz 0.286875 GHz Element 2

Element 3
Element 4

In addition to the return loss value, the MIMO Co-
Polarization and Cross-Polarization antennas also
experience differences in the mutual coupling value. In
Figure 20, it can be seen that the value of S21 for the
Co-Polarization had a value of -17.6676 dB at 3.5 GHz,
whereas for cross-polarization MIMO antenna had a
value 0f-22.462 dB. In line with S21, the S31 for Co-
Polarization configuration at the frequency of 3.4 GHz
is also smaller than Cross-Polarization, which is -
17.9104 dB, and -22.8574 dB, respectively. Both Fig. 22 Radiation Pattern for Co-Polarization MIMO

255 579 285
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Element *
Eler
-

180

Fig. 23 Radiation Pattern for Cross-Polarization MIMO
V. CONCLUSION

The studies of polarization arrangement in planar
MIMO antenna with circular patch element were
performed in this paper. A 3.5 GHz circular polarized
planar MIMO antenna was taken for investigation. The
polarizing arrangement using the Cross-Polarization
method configuration can lower the mutual coupling
value of the MIMO antenna coupling elements and the
return loss value on the antenna elements. Taking a
distance of 34 mm between adjacent elements, the
Cross-Polarization method gives a lower mutual
coupling value equal to -22.462 dB than Co-
Polarization which only has a value of -17.6676 dB.
Therefore, polarization arrangement can be used to
increase the capacity of the MIMO system. The
polarization arrangement should pay attention to the
value of return loss occurring on each antenna element.
After all, the impedance matrix formation on the
transmitter or receiver side requires the entire
component S-Parameter on the antenna consisting of
return loss mutual coupling.
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