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A Compact Multi-resonant Wide Band MIMO Antenna for
5G Communication Systems at mm-wave Band
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In this paper, a novel compact dual-wide band multiple input multiple output (MIMO) antenna system with
a better performance for 5G communications systems at mm-wave frequencies (28/38 GHz) is presented.
Firstly, a single element was designed and detailed to resonate at mm-wave band frequencies (28/38 GHz). The
basic antenna is a simple circular patch that resonates at 38 GHz. In order to generate the second operating
frequency of the proposed antenna, two rectangular inverted L-shaped slots are introduced (Ant II).
Furthermore, to improve the impedance matching at desired frequencies, a circular slot is introduced on the
radiating element (Ant III). Two inverted F-shaped and rectangular DGS are inserted on the ground plane to
improve the operating bandwidth of the antenna (proposed single element antenna). A low-cost substrate FR4-
epoxy having a relative constant 4.4, loss tangent of 0.02 and thickness of 0.74 mm is used in this design. The
simulated result shows the proposed single antenna has the better performances. The single antenna has a
compact size of 7 x 6.8 x 0.74 mm3. Furthermore, the two single elements are transformed into 2-port MIMO
configuration for mm-wave 5G MIMO applications. To achieve the improved isolation characteristic of the
MIMO antenna, a rectangular DGS is introduced in the center of the ground plane. The result indicates that
this antenna shows a reflection coefficient under — 10 dB over a range from 26.82 GHz to 38.16 GHz with
bandwidth of 11.34 GHz (F.B.W 34.90 %). The gain of the antenna is found more than 5 dB in the whole
operating band width. The MIMO antenna is also characterized by good isolation ranging from 19 to 56 dB.
Additionally, the MIMO antenna has a compact size of 15.5 x 6.8 x 0.74 mm3. Due to these superior results, the
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proposed MIMO antenna could be a potential candidate for MIMO 5G mm-wave applications.
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1. INTRODUCTION

Today, MIMO antennas with low profile compact size,
multiband, wide band, high gain and high isolation
characteristics are highly demanded to satisfy the
necessities of modern wireless communication systems.
To realize high data rate and bandwidth requirements,
the US federation communication commission (FCC)
assigned the millimeter wave frequency range 24-60 GHz
for 5G applications. Printed 5G antennas has become the
center attraction for 5G mm-wave applications due to its
low cost, compact size and higher data rate. However,
this antenna suffered by various limitations such as path
loss attenuation, signal fading, and atmospheric
absorption. To solve these problems, research is centered
on MIMO systems based on Multiple Input Multiple
Output (MIMO) antenna configuration. This antenna
technology is also used to enhance the channel capacity
and multipath propagation. However, these antennas
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suffered from serious mutual coupling between different
ports of the MIMO systems. In previous studies, various
techniques have been used to reduce the mutual coupling
and to improve the performance characteristics of MIMO
antenna. In [1], a compact four ports MIMO antenna
resonating at 28/38 GHz with a impedance bandwidth of
1.06 GHz at 28 GHz and 1.43 GHz at 38 GHz along with
a mutual coupling of —28.32dB at 28 GHz and -
26.27 dB at 38 GHz is presented. In [2], two port dual
band MIMO antenna with a compact dimension of
15.3 x 8.5 x0.79 mm3 for 28/38 GHz operation is
presented. In [3], a compact dual band MIMO antenna at
28/38 GHz with circulation polarization is presented and
it shows gain of 7.6 dB at 28 GHz and 8.12 dB at 38 GHz.
In [4], a dual band two port MIMO antenna is presented
which shows gain of 8.4 dB at 28 GHz and 6.02 dB at
38 GHz. It operates with 9.42 % and 5.77 % fractional
bandwidths at 28 GHz and 38 GHz. In [5], four ports-
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MIMO antenna 1is considered for 28/38 GHz 5G
applications having an overall size of (25 x 30 x 0.8 mm?).
It offers a wide bandwidth of 13.68 GHz for S11<-—
15 dB. The 4-ports MIMO antenna referred in ref. [6]
achieves a wide bandwidth from
23-40 GHz with a high gain of 10.58 dB at 28 GHz and
11.45 dB at 38 GHz. In [7], the MIMO antenna with four-
element configuration is presented with an overall size of
47.432.5 x 0.51 mm?3 that offers high isolation but at the
cost of low gain, low operating bandwidth and single
resonance frequency. In [8], the four-Hexagonal elements
based MIMO antenna operates at 35 GHz for 5G
applications and it suffers from low gain, single
resonance frequency and low operating bandwidth. The
CPW fed
4-ports MIMO antenna with a connected ground is
presented in [9]. It offers an isolation > 20 dB, operates
from 24.8 GHz to 44.45 GHz with a peak gain of 6.08dB
and an overall size of 24 x 24 x 0.58 mm3.The MIMO
antenna consists of a triplet shaped ring surrounded by
an infinity-shaped shell is presented in [10]. This
structure provides high ports isolation of greater than
29 dB and high gain of 6.1 dB. But it offers low operating
bandwidth and single resonance frequency. The work in
[11] reported a 4-port MIMO antenna to offer high
isolation using the EBG and DGS network decoupling.
The peak gain reaches to 12.02 dB and it offers limited
bandwidth of 1GHz at single operating band centered at
28 GHz. In [12], a compact 29 x 49 x 1.6 mm? multiband
MIMO antenna is presented using a rectangular zigzag
shaped slots and it achieves an isolation of greater than
30dB. In [13], a proximity coupled MIMO antenna
operates at 28 GHz for 5G mm-wave application with a
compact size of 8.0 x 8.0 mm? with improved mutual
coupling of less than —24dB. Other than MIMO
configurations, researchers have also proposed single
element based printed antennas for 5G applications [14-
16].

This work has been carried out with two major goals.
The first goal is focused on the design of single element
wide band antenna with multi-resonance, high gain and
compact size and the second goal is focused on the design
of a 2-port MIMO configuration with high isolation, high
gain, wide impedance bandwidth, and muti-resonant
operating frequencies.

2. ANTENNA DESIGNS
2.1 Compact Single Element Antenna

In this section, a detailed study on the geometry of the
proposed single element wideband antenna has been
presented. The geometry of this suggested antenna is
shown in Figurel. The proposed configuration of the
single element antenna is designed on a low-cost
substrate FR4-epoxy having a relative dielectric constant
of 4.4, loss tangent of 0.02 and thickness of 0.74 mm. It
has a compact size of 7 x 6.8 x 0.74 mm3.
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Design and optimization of the proposed basic antenna
has been performed through a parametric analysis in
ANSY HFSS. The optimized dimension of the compact
single wide dual-band antenna is listed in Table 1.
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Fig. 1 - Proposed single antenna (a) side view (b) back view

Fig. 2 presents the different steps to examine
performance of the proposed antenna. The antenna
evolution procedure is divided into four major steps.

e Initially, a conventional circular patch antenna
operating at 37.8 GHz was designed (step 1).

e Next, to create the second band at 28 GHz, two
rectangular slots are introduced on the tope side of the
radiator element (step 2).

e To improve the impedance matching at 28/38 GHz,
next circular slot was introduced on the radiator patch
(step 3).

e In order to meet the wideband characteristics, two
inverted F-shaped DGS and rectangular DGS are
introduced in ground plane as referred in step 4
(proposed antenna).

Table 1 - Optimized dimensions of proposed single element
wide band antenna

Component Parameters Values (mm)
Ry 2
patch hp 0.035
Ws 6.8
Substrate . -
. wr 0.62
Feed line 7 93
s1 0.1
d1 1.7
Rectangular slot S 018
d 1.84
Circular slot I's 0.68
Wg 3
lgl 3
F-shaped DGS oo 0.36
Wg1 1.2

The simulated results of the different evolution steps are
illustrated in Fig.3. In the first step (step 1), the
conventional circular patch antenna operates at 37.3 GHz
with a S11 of — 34 dB along with an operating bandwidth of
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2.15 GHz. On the other hand, in step 2, two more additional
resonances are generated with an improvement in operating
bandwidth due to the insertion of two rectangular slots. In
this step, the antenna shows dual operating bandwidth from
27.8 to 32.8 GHz and from 37 to 39.6 GHz. Then, in step 3, a
circular slot of radius, Rp =2 mm is inserted on the patch
layer that improves the impedance matching in the desired
frequency band (28/38 GHz) and also maintains wide
operating dual bandwidths. Finally, in order to enhance the
operating bandwidth and gain of the proposed antenna, two
identical inverted F-shaped DGS and rectangular DGS are
etched at the ground plane (step 4). In this design step, the
proposed antenna operates at triple resonances centered at
28 GHz, 32 GHz, and 38 GHz with a single wide impedance
bandwidth from 26.99 GHz to 38.83 GHz, which is
11.84 GHz with a fractional percentage bandwidth of
35.97 %. The gain variations for the proposed single element
antenna are displayed in Fig. 4. The peak gain of the
antenna is 7.36 dB at 28.44 GHz.

Stepl Step2
e [
/ :
Step3 Stapd | -

Fig. 2 — Steps development procedure of the single wide dual
band antenna
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Fig. 3 — Reflection coefficients for different steps
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Fig. 4 - Peak gain vs frequency of single antenna

3. MIMO ANTENNA CONFIGURATION

The main goal in this work is to design a compact
wide- band MIMO antenna with high isolation and
improved gain for 5G MIMO mm-wave applications. The
geometry and optimized parameters of the proposed
MIMO configuration is presented in Fig. 5. The top plane
of the proposed two-element MIMO antenna is based on
identical patch element of single antenna. The bottom
plane is configured with defected ground plane structure.
The MIMO structure is designed and optimized using
0.74 mm thick FR-4 substrate with the help of HFSS
software. The MIMO antenna system having a compact
overall size of 15.5x6.8x0.74 mm3, operate from
26.82 GHz to 38.16 GHz with a wide bandwidth of
11.34 GHz.

R

Wi

Fig. 5 — Configuration of proposed MIMO antenna, top view and
back view

3.1 MIMO Antenna Design Steps

In this part, the MIMO antenna design steps and
analysis is presented. Fig. 6 shows the two major steps to
develop the proposed MIMO antenna. Initially, two single
elements which are designed in the first section are
placed on the tope side of thin FR4 epoxy substrate of
0.74 mm thickness. To improve the isolation between two
ports MIMO antenna, a rectangular slot is introduced on
the center of the ground plane along with four F-shaped
DGS. The optimized length and width of the rectangular
DGS are 1.4 mm and 6.8 mm, respectively.
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Fig. 7 shows the S-parameters comparison of these

two deign evolution steps (Step 1 and Step 2). It can be 9

seen that both configurations offer similar operating 8- A

bandwidth but the proposed MIMO antenna (step 2) / \\

provides desired resonant frequency at higher operating 7_"/.

band with much better return loss characteristics. Also, —_ \'\

the proposed MIMO antenna (step 2) shows a significant % 6+ \—
improvement in isolation (Si2) compared to the first step “;

due to the suggested modifications in the ground plane i 54 \
structure. In step 1, without DGS decoupling, the o \.
isolation is achieved from 14 dB to 38 dB. However, the 41

proposed MIMO antenna with DGS decupling has high

isolation from 19 dB to 56 dB on the desired band. The

26 28 30 32 34 36 38 40
peak isolation is improved by 18 dB.
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Fig. 7 - S-parameters comparison between stepl and proposed
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3.2 Results and Discussion 10+
0-
The results of the proposed MIMO antenna are analyzed 300
and discussed in terms reflection coefficient, gain and -101
radiation patterns. Fig. 8 presents the reflection coefficient -20-
(S11) and isolation (S12) characteristics of the proposed 304270
MIMO antenna versus frequency. It operates at triple 20
resonant frequencies with a wide —10dB impedance
bandwidth of 11.34 GHz (26.82 GHz to 38.16 GHz) for 5G 107 240
MIMO applications. The proposed antenna offers superior 0
isolation characteristics with a maximum isolation of 56 dB. 104
Fig. 9 shows the gain variation results of the two-element 180
MIMO antenna. The peak gain of the antenna is 8.07 dB at
28.44 GHz and the antenna maintains an average gain ()

above 6 dB throughout the entire operating band. Fig. 10

01026-4



A COMPACT MULTI-RESONANT WIDE BAND MIMO ANTENNA...

300

-304270

240

180

(©

Fig. 10 — Radiation patterns of proposed MIMO antenna
(a) 28 GHz, (b) 32 GHz, (c) 38 GHz

shows the 2D radiation patterns in E-plane (Phi = 0 deg)
and H-plane (Phi = 90 deg) for the proposed MIMO
antenna system at three different operating frequencies.
From the displayed Figures, it can be concluded that the
proposed antenna exhibits a directional radiation pattern
in E-plane and H-plane at 28 GHz. But, with the increase
in frequency, the directional characteristics of the
antenna changes and it shows nearly an omnidirectional
radiation pattern in both the planes at 38 GHz.

3.3 Performances Comparison

Table 3 shows the performance comparisons of the
proposed MIMO antenna in terms of size, bandwidth,
gain and isolation with some other works reported in
literature. It is clearly observed from the table that the
proposed MIMO antenna has most compact size, triple
resonant frequencies, and highest isolation. Additionally,
the proposed MIMO antenna also has wideband
operation and very good gain. So, the performance of the
proposed MIMO antenna is comparable with other
previously published works.
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VYV miif cTaTTi MpencTaBiIeHO KOHCTPYKIII0 HOBY KOMIIAKTHY IBOCMYI'OBY AaHTEHHY CUCTeMy 3 OaratbMma
BxoaamH i Buxogamu (MIMO) 3 kpaiioro NpoAyKTUBHICTIO Ui CUCTEM 3B’s13Ky 5SG Ha yacToTax MiiMETpOBHUX
xBwib (28/38 I'Tm). [lo-meprre, onuH eneMeHT OyB po3poOIeHHMIT 1 leTali30BaHM Il pe30HAaHCAa Ha 4acTOTaxX
MM-xBIIb (28/38 I'T'r). OcHOBHA aHTEHa - I MPOCTa Kpyria AiNSHKA, sika pe3oHye Ha vacToTi 38 I'T. J{ns
reHepanii Apyroi po0ouoi YacTOTH 3alpONOHOBAHOI AaHTEHHW BBEICHO JBa INPSIMOKYTHHX IepeBepHyTHX L-
noxi6unx mumman (Ant II). KpiM Toro, mo0 mokpamuTy y3ro/pKeHHs iMIlefaHcy Ha Oa)kaHMX dYacToTax, Ha
BUIIPOMIHIOBAJILHOMY €JIeMEHTI BBeAeHO Kpyrmmi mpopis (Ant III). JIBa mepeBepuytux F-momibHmx 1
npsMokyTHuX DGS BcraBieHi Ha 3a3eMIleHy IUIOLIMHY I OKPAMIeHHS poO0Y0i CMyTH MPOITyCKaHHs aHTeHU. Y
il KOHCTPYKIii BUKOPUCTOBYETHCS Hepopora migkiaaka FR4-enokcuaHa cMoma 3 BiTHOCHOIO KOHCTAaHTOHO 4,4,
taareicom Brpar 0,02 i ToBmmHOKW 0,74 MM. 3MOIENBOBAaHUIA PE3YNBTAT MOKA3ye, IO 3alPOIOHOBaHA OIHA
aHTeHa Mae Kpallli XapaKTepucTUkH. ONMHapHa aHTeHa Mae KOMITaKTHI po3mipu 7x6,8%0,74 MM, KpiM Toro, nBa
OKpEMHX eJIeMEHTa IIePeTBOPIOIOThCS Ha 2-TopToBY KoHOQirypamito MIMO mna nomatkie 5G MIMO
MUTIMETPOBUX XBWIb. JIIS JOCATHEHHS NOKPAIEHUX XapakTepucTuk i3ousimii antenn MIMO, y nentpi
3a3eMJICHO] IUIOIIMHYU BBeieHO mpssMokyTHHiT DGS. Pesynprar mokasye, o Il aHTEeHa IEMOHCTPYeE KoedilieHT
BinOutTsa Hmxkue -10 nb y miamaszoni Big 26,82 I'Tu mo 38,16 I'T'n i3 cmyroro mpomyckansas 11,34 I'To (FBW
34,90%). KoedimienT nocuneHHs: aHTEHH CTaHOBHUTH MOHAA 5 ab y Bciif pobouiit cmy3i. Artena MIMO Takox
XapaKTEePU3YETHC XOPOIIOKO 130JALi€r0 B Aiama3oHi Bif 19 no 56 nb. Kpim toro, antera MIMO Mae koMIakTHAH
po3mip 15,5%6,8x0,74 mm3. 3anpononosana anTeHa MIMO Moke OyTd NOTEHIIHHMM KaHIUAATOM I JOJATKiB
MIMO 5G MiniMeTpOBUX XBHIIb.

Koouogsi cimosa: MIMO anTenna, Mimimerposi xsuiti, DGS, IIponyckna 3gaTtHicTs, 5G 3acTocyBaHHA.
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