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Background. Previously, Many MIMO designs were presented for 4G applications. Out of stated 4G MIMO
antennas, few designs presented are not suitable for use in mobile phones due to their large size as compared to
the standard sizes of current generation mobile phones. The rest, Ceramic based mobile phone antenna and a
multi-band MIMO antenna with PIFA structures have significant heights and non-planner structure which
makes them unsuitable for mobile phones as they are getting thinner with advancement in technology. Some
MIMO antennas were designed with simpler structure and suitable size but they do not have adequate
bandwidth. Here there is a need to develop a MIMO system with an adequate bandwidth to cover all 2G, 3G and
4G bands as well as compact to be suitable for mobile communication.

Objective. The purpose of the paper is to design a compact planner MIMO antenna Suitable for Mobile
communication with enhanced gain and an enhanced bandwidth to cover all 2G, 3G and 4G bands

Methods.

1. A monopole was designed with proper dimensions, which was designed to operate at focus
recurrence of 1.8GHz. That covers the wide scope of data transfer capacity from 1.1 GHz to 2.7 GHz at
-9 dB reference line. Then an inverted L shape structure known as SIR stub technique is used to
enhance the bandwidth.

ii. The inverted L shape structure which is extended from the ground plane is put around the monopole
which generates the low resonant frequencies and also broadens the bandwidth. Bandwidth is
broadened to 0.8 GHz to 3.5 GHz.

iii. For the purpose of more impedance matching, a small patch is etched from the ground plane
opposite to the feeding and all the parameters are optimized

Results. that lower 0.9GHz radiation pattern is omnidirectional while at higher frequencies it is quasi-
omnidirectional, a steady gain greater than 2.8dBi over the entire frequency band i.e from .8 GHz to 3.5 GHz, a
very high gain of 6.7 dBi at 0.9 GHz. The compact wide band planar MIMO antenna has over 80% efficiency
over most of the working recurrence

For handy application ECC value less than 0.5 is adequate for mobile phones. The measured ECC is less
than 0.36 over complete operating frequency band, which is all right for mobile phones

Conclusions. The paper presents compact planner two port MIMO antenna with wideband width and high
gain. The proposed antenna achieved a wide bandwidth from 0.8GHz to 3.5GHz covering 2G/3G/4G bands and
Wi-Fi (2.45GHz). High isolation between antenna elements, lower ECC and high diversity gain makes the
design of the compact planner wide band MIMO antenna a suitable possibility for mobile phone applications.

Keywords: minimal; size; gain; bandwidth.

I. INTRODUCTION

because transmitted signals can travel from

Modern wireless technology has an increasing
demand of increase data rate and high
performance. Traditional wireless technologies
can barely satisfy these demands. As of late,
MIMO (Multiple Input Multiple Output)
innovation has gained importance due to
reduced multi path fading, high data capacity
and high reliability [1]. Multi path fading is a
big challenge in many practical applications

different paths to the receiver having different
phase angles and amplitudes, and most probably
they add up destructively at receiver. MIMO
technology in antennas is the best solution to
this challenge. [2]-[9] present various MIMO
antennas designed specifically for certain type
of communication applications. Eye catching
advantages of MIMO technology have made it
an important technology for 4G (LTE) and as
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well as for 5G which is a future wireless
communication technology. While 2G/3G
technology is still in use, 4G communication is
quickly popularizing all over the world. MIMO
antennas are a perfect choice for mobile phone
purposes as they offer wide bandwidth and
coverage of 2G/3G/4G bands. [2]-[9] presents
with a few MIMO designs for 4G applications.
Out of stated 4G MIMO antennas, designs
presented in [4]-[5] are not suitable for use in
mobile phones due to their large size as
compared to the standard sizes of current
generation mobile phones. Ceramic based
mobile phone antenna is shown in [6] and a
multi-band MIMO antenna with PIFA structure
is proposed in [7]. Both of them have significant
heights and non-planner structure which makes
them unsuitable for mobile phones as they are
getting thinner with advancement in technology.
MIMO antennas of [8] and [9] have simpler
structure and suitable size but they do not have
adequate bandwidth to cover all 2G, 3G and 4G
bands. Bandwidth enhancement techniques are
presented in [14-17]. The following discussion
presents a planer wideband twoport MIMO
antenna for smart phone application. The
exhibited MIMO antenna has single element
working at center frequency and an inverted L
shape structure is made from ground plane to
create low resonance frequencies. A two port
antenna is formed by placing eclements in
symmetry. A slot is etched from ground plane
so as to increase isolation between the
individual elements. The bandwidth of the
MIMO antenna under discussion ranges from
0.8GHz to 3.5GHz, which covers operating
bands of 2@, 3G, 4G and Wi-Fi (2.45GHz).

The measured and simulated isolation, peak
realized gain and envelope correlation
coefficient are also presented in this paper. II.
GEOMETRY & DESIGN The geometry of
MIMO antenna constitutes an element located
on the ground plane having dimensions of
60x58mm?2 , which is small in size as compared
to the mobile phones. The substrate material
used for planner MIMO antenna is FR4 with
relative permittivity of 4.4, thickness 1 mm and
dielectric loss tangent of 0.02. The Objective of
our design is to cover a wide band which should
cover 2G/3G/4G bands and Wi-Fi (2.45 GHz).

I I

(@) (b) (€)

Fig. 1. Three design steps (a) Single antenna
element (b) Single element with inverted L
structure (c) Optimized antenna component
structure

A. WIDE BAND TECHNIQUE

Fig. 1 depicts the steps for designing the planner
wide band MIMO antenna. First of all, a
monopole was designed with proper dimensions,
which was designed to operate at focus
recurrence of 1.8GHz. A feeding strip of 50
ohms feeds the monopole. Then the design was
simulated on HFSS and the simulated S
parameters of monopole show that the monopole
was covers the wide scope of data transfer
capacity from 1.1 GHz to 2.7 GHz at -6 dB
reference line. Then an inverted L shape
structure known as SIR stub technique is used to
enhance the bandwidth. The inverted L shape
structure which is extended from the ground
plane is put around the monopole which
generates the low resonant frequencies and also
broadens the bandwidth. Bandwidth is broadened
to 0.8 GHz to 3.5 GHz. For the purpose of more
impedance matching, a small patch is etched
from the ground plane opposite to the feeding
and all the parameters are optimized accordingly
as appeared in Fig. 1 (b). Fig. 2 presents the S
parameters of the optimized design of antenna
element, simulated using HFSS. It can be seen
that the final design is achieving 0.8GHz to
3.5GHz bandwidth with a very great impedance
coordinating.
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Fig. 2. Simulated S parameter of antenna final
antenna element of 1(c)

B. TWO ELEMENTS MIMO ANTENNA

Basing on the above mentioned final design,
second antenna element is introduced in the
antenna design on the substrate which is totally
symmetrical to form a compact wide band planar
MIMO antenna as presented in Fig. 3. The
compressed size of the compact wide band planar
MIMO antenna is 97 mm X 60 mm X 1 mm,
while the size used in [9] is 125 mm 85 mm X
0.8-mm using FR4. The software used for the
simulation is High Frequency Structured
Simulation (HFSS) Version-13. The optimized
parameters and dimensions of the compact wide
band planar MIMO antenna are recorded in
Table.1.

Table 1: Optimized Dimensions of the Antenna

Parameter 11 12 13 14 15
Value(mm) 15 31.5 41 23 17
Parameter wl w2 w3 w4 w5
Value(mm) 1 13 1.5 9 4.1
Parameter | Lcut H Hstub Lslot Lg
Value(mm) 5 0.1 0.5 30 28
Parameter | Wcut Ds Wstub | Wslot Wg
Value(mm) 3 6.5 1.5 2 60

Fig. 3. Geometry of final design and prototype

Simulated and measured S parameters of the
compact wide band planar MIMO antenna
designs are exhibited in Fig. 4. As a result of

identical geometry and positioning of the two
elements, antenna achieves wider bandwidth as
mentioned above. The proposed design of MIMO
achieves bandwidth from 0.8 GHz to 3.5 GHz
which covers all the bands of frequencies
currently being used by major mobile phone
operators across the globe.
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Fig. 4: Simulated and Measured S11 Table 1:
Optimized Dimensions of the Antenna

C. ISOLATION ACHIEVEMENT

In compact wide band planar MIMO antenna
design, higher isolation between antenna elements
with less disturbing impedance match is one of the
serious challenges. Various decoupling techniques
are used in different applications [2]- [9]. In
proposed design, measured isolation is achieved by
drawing a slot in ground plane. It is observed that
etching helps reduce isolation on lower band and
on higher band it

increases isolation. Isolation can be increased by
achieving a neutralization point between antenna
elements as it depends mainly on the surface
current flowing between them. This neutralization
point depends on wavelength. In lower frequencies
because of much large wavelength, the surface
current and near field radiation pattern add
significantly to coupling. Fig. 4 shows the
simulated and measured result that S21 is less than
-12.5dB from 0.8 GHz to 2.1 GHz and - 20 dB
above 2.1 GHz up to 3.5 GHz. III. RESULTS
AND DISCUSSION Fig. 5 shows 3D plot at 0.9
GHz, 1.8 GHz, 2.1 GHz, 2.4 GHz, 2.7 GHz and 3.4
GHz. It shows that lower 0.9GHz radiation pattern
is omnidirectional while at higher frequencies it is
quasi-omnidirectional. Fig. 7 shows Peak realized
gain; the proposed MIMO antenna has a steady
gain greater than 2.8dBi over the entire frequency
band i.e from .8 GHz to 3.5 GHz of the proposed
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design and very high gain of 6.7 dBi at 0.9 GHz.
Fig. 8 shows the radiation efficiency. The compact
wide band planar MIMO antenna has over 80%

efficiency over most of the working recurrence
band.
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Fig. 5. 3D radiation pattern
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Fig. 7. Simulated Efficiency

A. Diversity Performance Efficient MIMO
system is characterized by spatial diversity and
channel independence. The spatial diversity and
channel independence is accomplished by the

reduction of the mutual coupling between
antenna  elements.  Envelope  Correlation
Coefficient (ECC) is an important parameter that
examines the assorted diversity execution. ECC
is determined utilizing either the radiation
patterns as in [10] or by using the S parameters
as per the method presented in [11].

_ | 1542531- 524532l :
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In this paper we used s-parameters to calculate
ECC by using equation (1). For handi application
ECC value less than 0.5 is adequate for mobile
phones. Fig. 8 shows measured ECC is less than
0.36 over complete operating frequency band,

which is all right for mobile phones.
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Fig. 8. Measured ECC IV.
D. CONCLUSION

In particular this paper compact planner two port
MIMO antenna with wideband width and high
gain is presented. The proposed antenna is
simulated and fabricated, which achieves a wide
bandwidth from 0.8GHz to 3.5GHz covering
2G/3G/AG bands and Wi-Fi (2.45GHz). High
isolation between antenna elements, lower ECC
and high diversity gain makes the design of the
compact planner wide band MIMO antenna a
suitable  possibility = for  mobile = phone
applications.
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Bioowcan /lypza Pasea, Annan Maxknokiin
MIMO aHTeHa 3 KOMHIAKTHOK INUIAHAPHOK CTPYKTYPOK 3 MNiJIBUIICEHMM HNOCHJICHHSM Ui MOOLILHOIO
TesedoHy

IMpo6aemaTruka. Panime Oyno mpeacraBiaeHo Oarato mpoekTiB MIMO nns texnomoriid 4G. I3 3aaBnerux 4G
MIMO-aHTeH aesiki IpeAcTaBIeHi KOHCTPYKIIl He MiIXOASATh IS BUKOPHUCTAHHS B MOOITPHUX TelleoHAX depes3 ix
BEJINKI PO3MIpPH B TMOPIBHSAHHI 31 CTaHMAPTHUMH PO3MiIpaMH MOOITBPHUX Tele(OHIB MMOTOYHOTO IMOKONIHHS. [Hmi
piIIeHHs, 3aCHOBaHI Ha KepaMigHUX aHTEHaxX I MOOUTpHOTO TenedoHy i OaraTtomiamazoHHMMH aHTeHH MIMO 3i
crpykrypamu PIFA, MaroTh 3HaYHy BHCOTY 1 HE IUTAaHApHY CTPYKTYPY, IO POOUTH iX HENPUIATHUMH IS MOOITTEHUX
TesnedOHIB, OCKUTBKH Ti CTAIOTh BCE TOHIIE 3 PO3BUTKOM TeXHOJOTiH. Jleski antenn MIMO Oynu po3po0OiieHi 3 OiTbIr
MPOCTOI0 CTPYKTYpPOIO 1 BIJIITOBIIHUM pO3MIpOM, ajieé BOHHM HE MalOTh JOCTaTHBOI CMYTH IIPOITyCKaHHS.
IIporionyeTbest po3podutu cucremy MIMO 3 10CTaTHHOIO HMIMPUHOIO CMYTH, 11100 OXOmUTH Bci mianazonu 2G, 3G i
4G, a TaKOX KOMINAKTHI rabapuTH, 1100 BOHA IMiAXO0AUJIA JIJIT MOOIJIBHOTO 3B'S3KY.

Mera gocinxenns. PozpoOka kommakTHOI iaHapHoi antenn MIMO, 110 miaxoauTh st MOOITTBHOTO 3B'SI3KY 3
TIOJIMIIIEHUM MOCIJICHHSM 1 PO3IIMPEHOI0 CMYTOI0 IIPOITYCKAaHHS, 00 OXONHUTH BCi Aianazonu 2G, 3G 1 4G.

MeTtoauka peasizaii.

I. Monomnons O6yB CIPOEKTOBAHUH 3 HAJICKHUMH PO3MipaMHu, po3poOIeHnit st poOOTH MpH 9acToTi (POKyCyBaHHS
1,8 I'T npu OXOIUIEHHI MIMPOKOTO CHEKTPY MNOTYKHOCTI mepenaui manux Big 1,1 T go 2,7 I'To npu -9 nb
KOHTPOJIBHOT JTiHi1. Jlayri BHKOPHUCTOBYETHCS IHBEpTOBaHa CTPYKTypa L-popmu, Bimoma sik meTtox 3armymku SIR, mis
30UIBIICHHS] CMYTH ITPOITYCKaHHSI.

II. TuBeproBana L-o0Opa3zHa CTpyKTypa, siKa BUTSATHYTa B IUIOLIMHI, PO3TalllOBaHa HABKOJIO MOHOIIOJS, SIKUU
TeHepy€e HU3bKI PE30HAHCHI YaCTOTH, a TAKOXX PO3LIMPIOE CMYTY IpomnyckanHs. CMyra npomycKaHHs pO3LIMpeHa Bifl
0,8 T mo 3,5 .

III. 3 meroro OiNMBII MOBHOTO Y3TOMKEHHS IMIEAAHCIB, MPOTPABICHO HEBEIHKY HAKIAAKy B HAIPIMKY,
TIPOTUIICKHOMY TI0/1adi KUBJICHHS, 1 BC1 TapaMeTpH ONTHUMI30BaHi.

PesyabTaTn nociaimkenns. Ha gacrorax Hmwkde 0,9 I'T'1y miarpama cipsiMOBaHOCTI € HEHAIIpaBIICHOI, B TOW dac
sIK Ha OUTBIII BUCOKHMX YacTOTaX BOHA KBa3i-HEHANpaBJieHa, OCTIMHE MOCHIICHHs moHaj 2,8 nbi y BCii cMy31 4acToT,
tobto Bix 0,8 I'T mo 3,5 I'Th, gyke Bucoke nocwmieHHs 6,7 nbi npu 0,9 I'T'i. KoMmakTHa miocka IMMpoOKOCMYTroBa
anteHa MIMO mae KK/] 6inbmre 80% npoTsrom O1JIBIIOT YaCTHHH POOOYNX ITUKJIIB.

JIist 3py9HOTO 3aCTOCYBaHHsI 3Ha4YeHHs KoedimieHTa kopesiiii 3a oruHatouoro curnany (KKO) menmne ik 0,5
MAXoauTh s MoOUbHUX TesiedoHiB. BumipsHe 3nayenHss KKO cranoButh meHiie 0,36 B moBHiH pobOouiii cMy3i
4acToT, 10 A00pe sl MOOITbHUX Telne(OHiB.

BucHoBkHM. VY 1iii cTaTTi NpEACTAaBICHO KOMIIAKTHA IJIaHApHA CTPYKTypa ABYXHopToBOoW aHTeHn MIMO 3
IIUPOKOI0 CMYTOIO 1 BHCOKMM KOedilli€HTOM MOCHJICHHS. 3alpoNoHOBaHA aHTEHa MAOCATIa IIMPOKOi CMYTH
npormryckanus Bin 0,8 I'To mo 3,5 I'Th, mo oxormoe mianazonu 2G / 3G / 4G 1 Wi-Fi (2,45 T'Tu). Bucoxka i3o:sitist
MDK aHTEeHHHUMH eJIeMeHTaMH, Oinmbin Hm3bke 3HaueHHs KKO 1 BHCOkHit KoedillieHT pPO3HECEHHS pOOIATH
KOHCTPYKIIIO MIHPOKOCMYTOBOTO aHTeHH MIMO KOMITaKTHOT IJTaHAPHOI CTPYKTYPH MIAXOIAIIOI JUTSI BHKOPHUCTAHHS
B MOOUTBHUX TenedoHax.

KuarouoBi caoBa: anrena MIMO; wMiHIMaIBHUN po3Mip; MiABHINEHE ITIOCHJICHHS; aJCKBAaTHA IIPOITYyCKHA
3/1aTHICTB.

Buoorcan /lypza Passa, Annan Marx/loknun
MIMO aHTeHHa ¢ KOMIAKTHOI NJIAHAPHOW CTPYKTYPOHl ¢ MOBBILMIEHHBIM YCHJIEHHEM /JIsi MOOWJILHOIO
Tesiepona

IIpodaemaTuka. Panee ObutH nipeacTaBieHbl MHOTHE NPoekThl MIMO st mpunoxenuit 4G. 13 3asBiaeHHbIX 4G
MIMO-aHTeHH HEKOTOpBIE MPEACTaBICHHBIE KOHCTPYKIIMH HE MOAXOAAT JUIsl HCIOJIB30BaHUS B MOOMIBHBIX
TeneoHax m3-3a UX OOJIBIIOTO pa3Mepa IO CPaBHEHHUIO CO CTAaHJAAPTHBIMHU pa3MepaMu MOOHWIBHBIX Tele(pOHOB
TEKyIIEero MOKOJIeHUs. JIpyrue pelieHus, OCHOBaHHBIE HAa KepaMHYECKUX AHTEHHAX UIsI MOOUIBHOTO TenedoHa U
MHorojuanazoHHod aHrenHe MIMO co crpykrypamu PIFA, uMEOT 3HAUUTENbHYIO BBICOTY U HE IIJIAHAPHYIO
CTPYKTYpY, UTO JeJaeT WX HEIPHUTOAHBIMH UISI MOOWIBHBIX TeJIe(pOHOB, TIOCKOJIBKY T€ CTAaHOBSITCS BCE TOHBIIE C
pasButHeM TexHoJorni. Hekoropsle antenHsr MIMO Oputnm paspaboTansl ¢ Ooiiee MPOCTOH CTPYKTYpOH H
MOAXOAIINM pa3MepoM, HO OHH HE HMEIOT JIOCTATOYHOH TMOJIOCHI mpomyckaHms. [Ipemmaraercs paspaboTaTh
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cuctemy MIMO c gocTaToO4HON IIMPUHON IMOJOCKHI, YTOOBI OXBaTUTh Bce nmanazoHsl 2G, 3G u 4G, a Takke
KOMIIaKTHBIMU ra0apuTaMu, 9TOOBI OHA TIOAXOIUIIA ISl MOOMIIBHOMN CBSI3H.

enab uccaenoBanus. Pa3paboTka KOMIAKTHOHW TulaHapHOW aHTeHHBI MIMO, monxonsiieit misi MOOWIBHON
CBSI3U C YJIYYIICHHBIM YCHJICHHEM M PACIINPEHHOM IOJIOCOH MPOITYCKAaHMsI, YTOOBI OXBATHTH Bee nuama3oHsl 2G, 3G
u 4G.

MeToanka peajau3anum.

I. Monomnonp ObUI CHPOSKTUPOBAH C HAJICKAINIUMH pa3MepaMH, pa3padoTaH Uil padOThl MPU YacTOTe
(oxycuposku 1,8 I'T'i mpu oxBaTe MIMPOKOTO CIIEKTPa MOIIHOCTH mnepeaadn JaHHbix ot 1,1 I'To go 2,7 I'Th npu -9
nb xoHTponpHOW nwHUU. Jlanee HCHONB3yeTCsl WHBEPTUPOBAaHHAs CTPyKTypa L-Gopmbl, m3BecTHas KaK METO]
sarnymku SIR, a1t yBeandeHus noJ10ckl IPOILY CKaHMUSL.

II. MuBepTupoBanHas L-o0pa3Hasi CTpYKTypa, KOTOpast BRITSIHYTa B TIJIOCKOCTH, PACIOJIOKEHa BOKPYT MOHOTIOJS,
KOTOpBIA T'€HEPUPYET HU3KHUE PE30HAHCHBIE YACTOThI, a TaKXKe paclIupseT Iojocy mnpomnyckanus. Ilomoca
nponyckanus pacimmpena ot 0,8 I'T'y mo 3,5 I'T.

III. B mensix Oosiee MOJHOTO COTJIACOBAHHWS MMIIEIAHCOB, MPOTpaBieHa HeOObINas HakiIaJgKa B HaIlpPaBICHHUH,
MIPOTHBOIIOJIOKHOM TTOJa4ue MTUTaHMUS, U BCEe MapamMeTpbl ONTUMU3UPOBAHEL.

Pesyabrarel  ucciaenoBanusa. Ha wacrorax wHmwxe 0,9 ITn auarpamma  HanpaBIEHHOCTH  SIBIISECTCS
HEHAIPABIICHHOM, B TO BpeMs Kak Ha OoJiee BHICOKMX YacTOTaX OHa KBa3W-HEHANpaBJIEHHAsl, IOCTOSIHHOE YCUICHUE
oousiee 2,8 nbu Bo Bcelt mosioce gactot, To ecth oT 0,8 I'T'ir no 3,5 I'T', ouens Bbicokoe ycuienue 6,7 nbu mpu 0,9
I'Tu. KomnaktHas mirockas mmpokonosiocHass anteHHa MIMO umeer KI1J] 6omee 80% B TedeHHe OOMbIICH YacTh
padoYux IUKIIOB.

Jliist ymoGHOro nmpuMeHeHus 3HaueHue kodgduurenta koppensinuu no orudarornierd curana (KKO) menbie uem
0,5 moaxoauT 1yt MOOMITBHEIX TenedoHoB. M3mepennoe 3nauenne KKO cocraBmsier menee 0,36 B morHOUM padodeit
ITOJIOCE YaCTOT, UTO XOPOIIO JJISI MOOMITHHBIX TEJIE(POHOB.

BeiBoabl. B 5TOl crarthe mpencraBieHa KOMIAKTHas IJIaHApHAsl CTPYKTypa ABYXNopToBod aHTeHHb! MIMO c
LIUPOKOH ITOJIOCOH M BBICOKMM KO3 HUIIMEeHTOM ycuiieHUs. [IpemiokeHHass aHTCHHA JTOCTHUIJIA IIHPOKON IOJIOCHI
npomyckanus ot 0,8 [T mo 3,5 I'Tn, oxBareBaromeit aunanazonsl 2G / 3G / 4G u Wi-Fi (2,45 I'Tu). Beicokas
M30JSIIUST MEXAY aHTEHHBIMH dJieMeHTaMH, Oosee Huszkoe 3HaueHne KKO u Bricokuii k0dh(HUIMEHT pa3sHECEeHHs
JIeTatoT KOHCTPYKIUIO IIMPOKOMONIOCHOI aHTeHHBI MIMO KOMITAKTHOM MiIaHapHOW CTPYKTYPBI, MOAXOMSINEH I
MIPUIIOKEHNH B MOOIITBHBIX TeJIe(pOHAX.

Kurouesbie cioBa: antenHa MIMO; MUHUMaNbHBIN pa3Mep; MOBBIIICHHOE YCHIICHUE; aJIeKBaTHAsI MPOITyCKHAs
CIIOCOOHOCTb.





