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Abstract—A compact multiple-input-multiple-output (MIMO) #nna loaded with split ring resonators (SRR) for
the miniaturization of the antenna size is propoSRR basically improves the reflection coefficiantd VSWR to
achieve miniaturization. Proposed antenna consfdiso symmetric monopoles at the top and on tleeigd plane,
metal strip with a removal of two triangles, a sguang is presented. Metal strip acts as a rafteshich separates
the radiation patterns of two monopoles to decr¢fasainwanted mutual coupling. A square ring hédpsnprove
the reflection coefficient and total antenna gaithwlight increment in isolation. In this way, artdwidth of 2 GHz
with S11< -10 dB and S21< -17 dB is achieved, witiohers 3.6 GHz, 4.9 GHz and 5GHz bands of IEEERBD2
workgroup for WLAN, 2.5/3.5-GHz WiMAX and the lowétWB band (3.1-4.8 GHz) operation. This shows that
given antenna can serve as a phone antenna torauttigath fading by providing spatial and pattdiversity.

Index Terms—Multiple-input multiple output (MIMO) antenna, pho ne antenna, Defective ground
structure (DGS), Voltage standing wave ratio (VSWR)Split ring resonator (SRR).

INTRODUCTION structure is used to enhance the isolation between

IMO technology has recently emerged as a ne@ntenna elements.[3] Two U shaped slots are used to

Mparadigm to achieve very high bandwidth efficieagie 'educe the mutual coupling effect between two dual-
large data rates and reliability in modern wirelesbroadband antenna elements.[4] Three slits etced i

communication. The MIMO technology was firstthe ground plane reduces the mutual coupling effect
studied by the Pioneer Foschini (1998). It cossist introduced between two antenna elements.[5] Parasit
elements were added to improve the port isolatioa o

with proper MIMO encoding and decoding algorithmsM/MO antenna.[6] Inverted L and T shaped Ground
MIMO antenna designing aspects like radiation patte Pranches were applied to achieve low mutual cogplin
of antenna array configuration, mutual Coup“ndNIthln a narrow frequency band.[7] Two simple stubs

reduction techniques, correlation between the magn and ground strips were applied to achieve isolation
polarization of the pattern and their impact onrufe between two elements and increase the bandwidth.[8]

capacity etc. plays an important role in achieviigh All of. the afqrementioned techniques 'dec.reases the
data rate. Out of these mutual coupling reductioffflection coefficient, and therefore a wide impecia
techniques are the most important aspects in wihish bandwidth leh high isolation is difficult _to optal_ _
paper focus on diversity techniques, DGS (Defectivé‘ compact m_debqnd MIMO antenna with high |solat|o_n
Ground Structure). is presented in this paper. The MIMO antenna ctmgs
Various techniques have been introduced to enhan@k WO  dual-branch — monopoles — of  size
isolation between the elements of a MIMO antenriee T 18><15mn12_TraditionaIIy, slits were mainly used to
mutual coupling between the antenna elements ieduce mutual coupling of MIMO antennas, but this
reduced by using two novel bent slits etched on13P. approach usually deteriorate the reflection coeffit In
Antenna structure loaded with Complementary spij r this design, square ring along with a SRR on tloeig
resonators (CSRR) reduces the area of individuplane is applied, which can avoid this problem.tiAe
patch.[2] Defected ground plane lower frequencies, they can reduce the mutual dogipl
resulted from surface currents and have slightcefi@

multiple antennas at both transmitter and receiang

340



International Journal of Research in Advent Tecbggl(E-ISSN: 2321-9637) Special Issue
1st International Conference on Advent Trends igiigering, Science and Technology
“ICATEST 2015”, 08 March 2015

the reflection coefficient. Two triangles are cugrh the

ground plane to change the distribution of the gtbu 2
surface currents, and therefore the reflection faoeft Metal Strip\

and isolation of the system are improved. Moreower, 18
metal strip located between the two monopoles &l us 3 - 1

to decrease the mutual coupling caused by neak{fi¢! =

Thus, the mutual coupling between the two monopole 6

is further reduced. This antenna resonates at G138,
4.5 GHz and 4.76GHz with a total bandwidth of akibut
GHz with S11< -10 dB and S21< -17 dB from 3 to ¢ F
GHz is achieved.

The structure of the proposed MIMO antenna is show
in Section Il. In Section I, the working mechamiof

the MIMO antenna is investigated. In Section Ve tha1
simulated results of impedance, VSWR, radiatiol
pattern, total maximum gain are discussed. Finally
conclusion is given in Section V.

| 39

CONFIGURATION OF THE PROPOSEDMIMO
ANTENNA

The geometry of the proposed MIMO antenna i
illustrated in Fig. 1. The MIMO antenna consistdvwed
symmetric dual-branch (branch 1 with length of L@=3
mm and branch 2 with length of L2=28 mm) monopole
It is printed on the upper part of a partially gnded

FR4 substrate with dimensions 39x40xmMAT and
relative permittivity 4.4. On the back surface okt
substrate, the main rectangular ground plane ofd@m
width and 21mm in length is printed.
4. d=10
Monopole 1 g3}

Monopole 2

Port 1

(@)

Unit: mm

Metal

: D Substrate
(b)

ﬁzigure 1 Structure of proposed MIMO antenna (ahtfro

view (b) back view

In order to reduce the mutual coupling caused ley th
surface currents and improve the impedance matching
square slit with a length of 16mm are etched itt® t
ground plane. Split-ring resonators (SRR) are
introduced on ground plane to improve the reflectio
coefficient and VSWR so that miniaturization can be
achieved. Two triangles with height 3 mm and width
4mm are cut from the ground plane to change the
distribution of the ground surface currents. A rhetdp

of size 18xIMmNT, which is placed between the two
monopoles, is applied to decrease the mutual acoyipli
caused by near-field.

S-parameters
[— st — js21] — stz — |s22| |

S-parameters [dB]

-50

Frequency [GHz]
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S-parameters

Fig. 2. Simulated S parameters of proposed MIM( —Sale menopole [ST2|— MIMO ST |

0 . —
antenna e I R e
Il1l. WORKING MECHANISM 10 = 4

15 - ™. ¥

The proposed MIMO antenna shown in Fig. 1 %i
has been simulated using CADFEKO 5.5 software. -2 + ,‘
resonates at 2.595 GHz, 4.5 GHz and 4.76 GI—§ -2 \i
frequencies with a bandwidth of 2GHz from 3GHz to !* - ¥

* |
40

sl
w

meters [dB]

GHz. S11< -10 dB and S21< -17 dB is achieved whic
covers the following bands 2.5/3.5-GHz WiIMAX and
the lower UWB band (3.1-4.8 GHz). The actua

3 4 5 6 7
Frequency [GHz]

working mechanism is explained below. Fig. 4. Comparison between S11 of dual-branch
A. Dual-Branch Monopole Antenna monopole antenna and MIMO antenna
The dual-branch monopole antenna shown in Fig. | — Etheta — Ephi \

can help to understand the requirement of th
proposed MIMO antenna. The radiation pattern show
in figure 6 and 8 shows that MIMO antenna radiate
more power in specific direction and can also ptevi
more gain.

( ’ Fig. 5. Simulated radiation pattern of dual-branch
monopole antenna

Gain_Tot[dE]

@) (b) L

Fig. 3. Structure of dual-branch monopole anter{ai
Front view (b) Back view

-
Fig. 6. Gain of dual branch monopole antenna

B. Implementation of a square ring

To analyse the working mechanism of the square ring
described in Section Il, two more configurationd we
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investigated in this section. They are: 1) MIMO
monopole antenna with a conventional rectangule
ground plane and 2) MIMO monopole antenna with
square ring etched from a conventional rectangul:
ground plane. The S-parameters for the tw
configurations are given in Fig.7. Strong nearefiel
coupling and surface current coupling are inducadrw
the two elements are placed closely. In order forawve :
the reflection coefficient and the isolation, a &auring SHISERR AR
is applied as shown in Fig. 1. The antenna witquage B3’

ring has better reflection coefficient and higrsmlation i

than the MIMO antenna with a conventional groun( -

plane. Thus, it can be concluded that a square ril >,
improves the reflection coefficient and also enleatie et
isolation effectively. In [3], slit was already ukeo Im
improve isolation, although these slits had negativ °
effect on the impedance matching, and a wid
impedance bandwidth was difficult to obtain. Howeve
a square ring applied in this paper can avoid th
problem. A ring which has square structure, whiah c
help to reduce the effect of surface currents om t-
ground plane and improve the current distributibtha
lower part of the impedance bandwidth shown in8ig
and 9.

Eig. 8. Average current distribution of the MIMO
antenna with conventional rectangular ground plane
% 5GHz.

S-parameters

-20

-30

S-parameters [dB]
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Frequency [GHz] o

)

-40

@

— without square slit  |S11] — |821] A X X X
with square slit  [S11] — js21| Fig. 9. Average current distribution of the MIMO

antenna with a square ring etched from a conveation
Fig. 7. Comparison between S parameters for antenfgftangular ground plane at 2.5 GHz.

without and with square ring on ground plane. C. Discussion of Metal Strip and Cutting of
Triangles

There is strong near-field coupling apart from the
ground surface currents coupling. In order to redihe
near-field coupling, the metal strip shown in Figis
used. The proposed MIMO antenna depicted in Fig. 1
provides an 8 dB improvement of isolation overdhse
with a square slit etched into a conventional megtéar
ground plane (see Fig.). The metal strip can kmdrkas

a reflector of electromagnetic wave [7]. The reftec
separates the radiation patterns of the two moespol
decrease the unwanted mutual coupling resulted from
the near-field, thus the isolation is further ertdeaxh The
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cutting of two triangles of size from the grouncum is
to change the distribution of ground surface cugen
— Etheta -—-- Ephi

0.6 dB

Fig. 10. Radiation pattern of MIMO antenna
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Fig. 11. Gain of proposed MIMO Antenna

D. Discussion of split ring resonators (SRR)

It is made up of two concentric copper rings witts$n
each ring. The smaller ring resides inside thedrigng
with spacing and the slits of both rings are opjgosd
each other. The SRR interacts with axial magnéid f
and provides an effective negative permeabilityuac

the frequency of its resonance [11]. SRR can béyeas

fabricated on PCB. It is modelled as a shunt L@mast

S-parameters

[ — Without SRR |S11] _— |S21] — |s21] |

° st 3 ¥

R
X\[

— With SRR |S11]
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Fig.12. Comparison between S parameters for antenna
without SRR and with SRR

RESULTS

Antenna having a dimension ofmnB9x40x1.6
provides the impedance nearly equal to 50 ohmHer t
whole bandwidth which is shown in fig 11. Impedance
matching at lower frequency is achieved using sguar
ring on the GP explained using fig 8 and 9. Voltage
standing wave ratio (VSWR) ranges between 1 and 2,
see in fig 12. Antenna resonates at 2.595 GHzGH3
and 4.76 GHz (see Fig 2). It provides large bantwid
of about 2GHz along with a total maximum gain of
5.5 dB (see Fig. 11). Proposed MIMO antenna rasliate
more in 0 and 180 degree direction (see Fig. 10).
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circuit whose frequency of resonance depends on i@

dimensions. It improves the reflection coefficieand
voltage standing wave ratio so that miniaturizatadn

antenna size can be achieved. Fig. 12 illustrates t

improvement in reflection coefficient due to adulitiof
split ring resonator on the ground plane of antenna
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