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Abstract—The multi-path fading environment is a major
challenge of UWB devices. So, a MIMO system is one of
the importance techniques which exploited to mitigate
such problems. In this research, a MIMO system with
eight ports consists of four antenna elements has
proposed. Y-shaped of patch microstrip has chosen to
design each element to enhance the bandwidth of the
proposed system. In order to achieve a good isolation, the
geometry of the ground layer of the proposed antenna

element has based on quasi-self-complementary structure.

The proposed model has a compact size because it
facilitates with dual polarized ports which increase the
capacity and maintaining an acceptable size. The results
are show that a bandwidth of 2.06 GHz has obtained with
operating frequency of 8.73 GHz for single elements and
the integrated MIMO system when excited
simultaneously.

Index Terms—QSCS, Dual polarized ports, Y-shaped of
microstrip, MIMO, VSWR.

|. INTRODUCTION

Recently, wireless communication system studied the
Ultra-Wide Band (UWB) extensively, due to its high rate

of data transmission, low-cost and low transmitted power.

However, UWB has the multipath fading problem which
require high complexity at receiver end. Multiple Input
Multiple Output (MIMO) technology has been proposed
to address this problem. In addition, MIMO system has
an efficient property can be employed to improve UWB
system which is achieving an efficient spectrum and
mitigating multipath problem [1]. The combination of
these two technologies have been improve an
enhancement of communications with short ranges to
operate at very low power levels [1]. However, the main
challenges for the MIMO antenna engineering design is
to achieve low profile antenna and the ability to eliminate
the mutual coupling between neighboring ports of MIMO
group [2]. There is a polarization diversity to evolve the
antenna capacity with compact design [3]. Also, the
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polarization is favored the patch microstrip antenna
design to improve MIMO profile in term of small size,
light weight, easy to fabricate and high efficiency [4].
However, the microstrip antenna suffer from narrow
frequency bandwidth which can be improved by mainly
techniques; theory of the circuit and structural [5]. A lot
of researches deal with modifying the microstrip
structure such as in [6], design a dual port of Y-shaped
microstrip antenna to achieve a wide matching
impedance of bandwidth. Also, [3] used a fractal
microstrip antenna to achieve low operating frequency
point. On the other hand, [7-8] proposed Y and F- shaped
of microstrip antenna respectively to increase bandwidth
frequency with a suitable efficiency. Because of limited
space systems, UWB go to miniaturization technique
antennas [9,10]. In order to mitigate the mutual coupling
between adjacent ports, Quasi-Self-Complementary
Structure (QSCS) antenna has been potential enormously
applied. QSCS means etching the ground layer with
complemented shape to the patch layer [11]. The benefits
of such structure are investigating a widen bandwidth
such as in [12], degrade the efficient of radiation, the
input impedance is constant with a variable frequency
issue, easily impedance matching for the wide band and
can achieve high isolation between polarized ports
without any parasitic structure [11,13]. In [11,15]
structures based on QSCS which obtained high isolation
of MIMO diversity system antenna for UWB application,
But the first one proposed a patch design of half fan
shaped with polarized diversity and the other one having
a patch based half circle with spatial diversity. Because
of the size reduction is still one of the main challenges
for future applications, in this research, a proposed of a
MIMO antenna system concerned with polarization
diversity, conversely [6] which applied spatial diversity.
Also, the proposal having a patch microstrips ended in Y-
shaped as a radiator. To achieve isolation, QSCS is
applied achieving high isolation with UWB that would be
matching the required facilities of future wireless
communication especially in term of size reduction by
utilizing dual polarization technique.
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Il. THE PROPOSAL OF MIMO ANTENNA SYSTEM

In order to propose a polarized MIMO antenna system,
it must firstly propose a single antenna paradigm and
ensure it operate perfectly. Fig. 1 shows the single
antenna element which consists of three layers. The first
one is the patch layer constructed from dual polarized
microstrip resistances each of 50 Q, Y-shaped connected
by SMA as a connector which installed over a ground
layer etched with QSCS. Patch and ground layers are
separated by dielectric layer of 1.6 mm height made of
Rogers RO3003(lossy) with permittivity 3 and thermal
conductivity 0.001. The dimensions of such antenna
detailed in Tablel.

e

(b)

©

Fig.1. Single antenna element: (a) Front View, (b) Back View,
and (c) Side View.

Table 1. Single antenna element dimension values.

No. | Parameter \(/rilr:gj No. Parameter \(/:1IrLrls
1 Ws 30 7 L, 4
2 W, 3 8 Ls 3
3 W, 5 9 G 11
4 W, 7 10 G, 4.88
5 W, 8.66 11 Gs 8.66
6 Ly 6 12 Hs 1.6

Four replicas of such single antenna which proposed
are integrated on a printed circuit board (PCB) which
consists of dielectric layer as that of single element with a
dimension of 79x150 mm? which is desirable size for
future application and consider the most contribution of
this paper as shown in Fig.2. The distances separated
between each four elements are represented the extended
ground layer for each one.

150mm

N
i

(b)
Fig.2. MIMO antenna system: (a) Front View and (b) Back View.

I1l. RESULTS AND DISCUSSIONS

The proposed single antenna and the MIMO group are
simulated using CST-STUDIO 2019 to show its
performance. After running the simulated design of
single element, Fig. 3 (a) exhibits the S-Parameter of the
single element. The resultant of the operating frequency
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was 8.73 GHz with -53 dB of return losses and
bandwidth of 2.06 GHz (8.13-10.19) GHz at -10dB. Also,
high isolation can be achieved over all the band (3.1-10.5)
GHz. According to [4] which indicated that, the antenna
performance must be not exceed 2 dB. As illustrated
from Fig. 3 (b), the VSWR of the proposed antenna
approach 1 dB at resonance frequency which is satisfy
VSWR condition.
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Fig.3. Results of single antenna: (a) S-Parameter and (b) VSWR.

On the term of radiation pattern, Fig. 4 exhibit the 2D
polar pattern for each port it obviously shown similar
with lobe has angular width of 73.5 deg. While the 3D
pattern with both ports simultaneously obtain a coverage
area having H-max of -29 dB and gain of 4.66 dBi.
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Fig.4. Radiation Pattern of Single Antenna Element: (a), (B) 2D OF
Portl and 2 respectively, and (c) 3D for both ports.

Accordingly, the performance of integrated MIMO
system with 8 ports show that all elements operate on a
same resonance frequency of 8.73 GHz with bandwidth
of 2.06 GHz which is match the single antenna resonance
frequency and bandwidth respectively. As illustrated in
Fig. 5 (a), the result show that there are a slightly
difference between the response curve of each opposite
ports. Such differences stimulate from current surface of
the PCB and can be achieved a return loss of one group -
20dB and -33 dB of other. Also, Fig.5 (b) shows the
mutual coupling under -20 dB for all ports when excited
simultaneously, while Fig.5 (c) exhibits a desired VSWR
which investigate the condition of it.
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Fig.5. MIMO Antenna System: (a) S-Parameter, (B) Mutua Coupling,
and (c) VSWR

Furthermore, Fig.6 illustrated the radiation pattern for
all ports which appears omnidirectional in 2D polar
pattern with lobe having angular width of 173 degree,
while the 3D patterns shows the full coverage of the
system device with H-max -19.9 dB and a gain of
7.82dBi.

From previous results, it is obliviously the proposed
model is obtained an acceptable bandwidth and gain
which match the UWB frequency ranges as well as a
perfect isolation obtained which avoiding the effects of
current surface. Note, because of the large data, the data
acquisition of all result’s figures can’t be listed. Also,
such results are exported from CST-STUDIO 2019 then
it can be plotted with EXCELL or MATLAB package.
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Fig.6. Radiation Pattern of MIMO Antenna System: (a)2D, and (b) 3D.

IV. CONCLUSION

In order to design MIMO antenna system match UWB
system conditions, this research present four antenna
elements each with dual polarized ports. Such elements
installed on a corners of one PCB incorporating together
aiming to propose a MIMO system concerned with
polarization as well as spatial diversity and minimize
system size as can as possible. Also, the proposal deals
with rectangular patch microstrip feeding lines ended
with Y-shaped to increase the operating bandwidth.
Furthermore, QSCS is used to mitigate the mutual
coupling and contribute the bandwidth enhancement.
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APPENDIX A
Frequency / GHz S1.1/abs.dB Frequency /GHz $1,1/abs.dB Frequency /GHz $1,1/abs,dB
7.3476 -6.6230195
7.0071998 -4.9332621 7.355 -6.6436427 7.6954002 -6.9438974
7.0145998 -4.9756426 7.3624001 -6.6633005 7.7027998 -6.9502604
7.0219998 -5.0182109 7.3698001 -06.6819987 7.7101998 -6.9572725
7.0293999 -5.0609408 7.3772001 -6.6997414 77175999 -6.9649692
7.0367999 -5.1038076 7.3846002 -6.716539 7.7248999 -6.9733871
7.0441999 -5.1467823 7.3%20002 -6.7324013 7.7323999 -6.9825617
7.0516 -5.1898406 7.3594002 -6.7473426 7.7398 -6.9925287
7.059 -5.2325539 7.4067998 -6.7613776 T7.7472 -7.0033209%
7.0664001 -5.276091 7.4141998 -6.7745251 7.7546 -7.0145742
7.0738001 -5.3192253 7.4215999 -6.7868029 7.7620001 -7.0275203
7.0812001 -5.3623255 7.4289999 -6.7982349 7.7694001 -7.0409909
7.0886002 -5.4053614 7.4363999 -6.8088438 7.7768002 -7.0554194
7.0560002 -5.4483025 74438 -6.8186554 7.7842002 -7.0708358
7.1034002 -5.4911142 74512 -6.8276987 7.7916002 -7.0872724
7.1107998 -5.5337659 74586 -6.8360023 7.7989998 -7.1047569
71181998 -5.5762257 74660001 -6.8435978 78063998 -7.1233207
7.1255999 -5.6184576 7.4734001 -6.850517 7.813799% -7.1429923
7.1329999 -5.6604321 7.4808002 -6.8567963 7.8211999 -7.1638
7.1403999 -5.7021127 7.4882002 -6.8624694 7.8285999 -7.185771
7.1478 -5.7434666 7.4856002 -6.8675732 7.836 -7.2089351
71552 -5.7844587 7.5029998 -6.8721479 7.8434 -7.2333188
71626 -5.8250548 7.5103998 -6.8762314 7.8508 -7.2585478
71700001 -5.8652218 75177999 -6.8798626 7.8582001 -7.2858491
71774001 -5.9049271 7.5251999 -6.8830856 78656001 -7.3140485
7.1848001 -5.9441363 7.5325999 -6.8859401 7.8730001 -7.3435728
7.1822002 -5.9828136 7.54 -6.8884697 78804002 -7.3744456
7.1996002 -6.0209301 7.5474 -6.8907169 7.8873002 -7.4066936
7.2069998 -6.0584515 7.5548 -6.8927242 7.8951998 -7.4403412
7.2143998 -6.0953462 7.5622001 -6.8545371 7.9025998 -7.475413
7.2217999% -6.1315841 7.5696001 -6.8961992 7.9099998 -7.5119331
7.2291999 -6.1671342 7.5770001 -06.8977553 7.917399% -7.5499264
7.2365999 -6.2019651 7.5844002 -6.8992481 7.924799% -7.5894177
7.244 -6.236059 7.5818002 -6.9007249 7.9322 -7.6304296
7.2514 -6.2693795 7.5991998 -6.9022273 7.9396 -7.672987
72588 -6.3019019 7.6065998 -6.9038012 7.947 1717114
7.2662001 -6.3336051 7.6139998 -6.9054889 7.9544001 -7.7628337
7.2736001 -06.3644652 7.6213999 -6.9073368 7.9618001 -7.8101705
7.2810001 -6.394462 7.6287999 -6.9093871 7.9692001 -7.8591485
7.2884002 -6.4235757 76362 -6.9116821 79766002 -7.9097917
7.2558002 -6.4517886 7.6436 -6.9142657 7.9840002 -7.9621241
7.3031998 -6.4790867 7.651 -6.9171754 7.9913998 -8.0161695
7.3105998 -6.5054538 7.6584001 -6.9204647 7.9987998 -8.0719525
7.3179998 -6.5308804 7.6658001 -6.924164 8.0061998 -8.1294999
7.3253999 -6.5553565 7.6732001 -6.9283172 8.0136003 -8.1888329
7.3327999 -6.5788749 7.6806002 -6.9329635 8.02058995% -8.24959786
7.3401999 -6.6014303 7.6880002 -6.9381449 §.0284004 -8.3129628
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8.0431995
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8.0654001
8.0727997
8.0802002
80875998
8.0950003
81023998
8.1098003
8.1171999%
8.1246004

3132
8.1393995

8.1468
8.1541996
8.1616001
8.1689997
8.1764002
8.1837997
8.1912003
8.1985998
8.2060003
8.2133999
8.2208004

82282
8.2356005

8243
8.2503996
8.2578001
8.2651997
8.2726002
8.2799957
8.2874002
8.2947998
$.3022003
8.3095959
8.3170004
8.3243959
§.3318005

8.3392
83465996
8.3540001
83613997
§.3688002
83761997
83836002
83909998
8.3984003

9.1457996
9.1532001
9.1605997
$.1680002
91753998
9.1828003
9.1901999%
$.1976004
9.204999%
92124004
92198
92271996
9.2346001
9.2419996
5.2454001
5.2567997
5.2642002
92715598
5.2750003
5.2863998
$.2938004
9.301199%
93086004
9316
93233995
93308001
93381996
93456001
$.3529997
9.3604002
93677998
93752003
93825998
$.3500003
9.3973999
9.4048004
94122
94195995
9427
9.4343996
94418001
9.4491997
94566002
9.4639997
94714003
9.4787998
9.4862003
9.4935999
9.5010004
95084

A Design of MIMO System Based on Y-Shaped with QSCS for UWB Applications

-8.3778097
-8.4445464
-8.51319%2
-8.5837947
-8.6563608
-8.7309234
-8.8075128
-8.8861574
-8.9668863
-5.0497313
-9.1347208
-9.2218878
-9.3112655

-9.4028855
-9.4967845

-9.5929944
-9.6915544
-9.7825004
-9.8958714
-10.001707
-10.110048
-10.220938
-10.334419
-10.450538
-10.569341
-10.650878

-10.8152
-10.942357

-11.072408
-11.205407
-11.341415
-11.4804%4
-11.62270%
-11.768125
-11.916816
-12.068855

-12.22432
-12.383293
-12.545858
-12.712105
-12.882131

-13.056034
-13.233918%
-13.4158%8
-13.602087
-13.792611
-13.987602
-14.187201
-14.391555
-14.600822

-16.732967
-16.587623
-16.444433
-16.303334
-16.16428
-16.027222
-15.892118
-15.758933
-15.627633
-15.498189%
-15.370574
-15.244765
-15.120744
-14.998491
-14.877954
-14.759235
-14.642208
-14.5269
-14.413301
-14.301408
-14.191214
-14.082712
-13.9759
-13.870774
-13.767332
-13.66557
-13.565488
-13.467082
-13.370353
-13.2753
-13.18191%
-13.05021
-13.000173
-12.511806
-12.825106
-12.740073
-12.656704
-12.574995
-12.494946
-12.416552
-12.33981
-12.264716
-12.191265
-12.119452
-12.049272
-11.980719%
-11.913785
-11.848464
-11.784748
-11.722627
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84057999
84132004
84205999
84280005
84354
8.4427996
84502001
84575996
8.4650002
84723997
8.4798002
84871998
84946003
85019999
8.5094004
85167999
8.5242004
8.5316
8.5389996
8.5464001
85537996
85612001
8.5685997
8.5760002
8.5833998
8.5508003
8.5981558
8.6056004
8.6129999
8.6204004
8.6278
86351995
86426001
8.6499556
86574001
8.6647997
8.6722002
86795558
86870003
86943558
8.7018003
8.7091999
87166004
8724
87313995
8.7388
8.74615996
8.7536001
8.7609997
87684002

9.5158005
9.5232
9.5305996
9.5380001
9.5453997
9.5528002
9.5601997
95676003
95749998
95824003
95897999
9.5972004
9.6046
9.6120005
9.6194
96267596
56342001
9.6415597
5.6450002
96563997
9.6638002
96711998
9.6786003
9.6859999
9.6934004
9.7007999
9.7082005
97156
9.7225596
9.7304001
5.73779%6
9.7452002
9.7525997
9.7600002
9.7673998
9.7748003
9.7821999
9.7896004
9.7969999
5.8044004
98118
9.8191996
5.8266001
5.8339996
9.8414001
9.8487997
9.8562002
9.8635998
9.8710003
9.8783998

-14.815173
-15.034785
-15.259851
-15.490578
-15.727189
-15.969917
-16.219021
-16.474776
-16.73748
-17.007459
-17.28506
-17.570668
-17.864698
-18.167604
-18.47989
-18.802101
-19.134847
-19.478798
-19.834699
-20.203382
-20.585777
-20.582934
-21.396032
-21.826413
-22.275609
-22.745381
-23.23776
-23.755112
-24.300215
-24 876351
-25.487453
-26.138266
-26.834559
-27.583666
-28.354566
-29.279013
-30.252414
-31.335618
-32.557741
-33.961153
-35.610988
-37.613701
-40.159881
-43.626753
-48.717095
-52.389158
-47.073157
-42.656421
-39.628919
-37.376904

-11.662094
-11.603138
-11.545748
-11.489914
-11.435624
-11.382864
-11.331621
-11.281881
-11.23363
-11.18685
-11.141525
-11.08764
-11.055174
-11.014109
-10.974424
-10.936098
-10.85511
-10.863437
-10.825053
-10.785937
-10.764061
-10.733399
-10.703922
-10.675603
-10.648412
-10.622317
-10.597287
-10.573291
-10.550292
-10.528256
-10.50715
-10.486935
-10.467574
-10.445026
-10.431255
-10.414219
-10.387877
-10.382185
-10.367103
-10.352585
-10.338589
-10.325067
-10.311976
-10.299269
-10.2869
-10.274824
-10.262992
-10.251358
-10.239875
-10.228497

8.7757998
8.7832003
8.7905998
8.7980003
8.8053998
88128004
8.8202
8.8275995
8.835
8.8423996
8.8458001
8.8571997
8.8646002
8.8719997
8.8794003
8.8867998
8.8942003
8.901599%
89050004
89164
8.9238005
89312
89385996
8.9460001
89533997
8.9608002
89681997
8.9756002
89829998
8.9504003
89977555
9.0052004
5.01259%%
5.0200005
9.0274
9.0347996
5.0422001
5.0455996
5.0570002
50643957
9.0718002
9.0791998
9.0866003
90939999
9.1014004
9.1087999
9.1162004
91236
91309996
9.1384001

9.8858004
9.8931999
9.5006004
9.908
9.9153996
95228001
9.9301996
98376001
95449997
99524002
99597998
99672003
9.9745998
9.9820004
5.5893999
5.9968004

-35.596857
-34.130702
-32.887413
-31.810181
-30.861296
-30.01448
-29.250714
-28.555787
-27.918811
-27.331256
-26.786309
-26.278454
-25.803153
-25356628
-24.9357
-24.537672
-24.16023
-23.801376
-23.459373
-23.132706
-22.820035
-22.520177
-22.232082
-21.954816
-21.687534
-21.425483
-21.175583
-20.938416
-20.704229
-20.476909
-20.256
-20.041076
-15.831757
-15.627687
-15.42855
-19.234049
-19.043913
-18.857895
-18.675772
-18.457332
-18.322382
-18.150753
-17.982282
-17.816821
-17.654236
-17.494407
-17.337217
-17.182568
-17.030365
-16.880524

-10.217178

-10.20587
-10.194527

-10.183108

-10.171566
-10.159859
-10.147943
-10.135779
-10.123328
-10.110549
-10.097408
-10.083871
-10.069903
-10.055475
-10.040558
-10.025126
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