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The Study on Method to Suppress the Mutual Coupling
and Broaden the Bandwidth in MIMO Antenna for Mobile
Communication Systems

Chul-Keun Park

Department of Radio Science & Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

This dissertation describes a method of mutual coupling suppression and
broadband method of MIMO antenna for mobile communication systems.

Chapter 2 describes a method of mutual coupling suppression of planar array
antenna and meander line MIMO antenna and/or PCS antenna for mobile
terminal. The antenna with -27 dB mutual coupling suppression for IEEE
802.11a band designed and fabricated. Proposed antenna has an inverted U
structure with via hole between array antennas. From application of inverted U
structure, mutual coupling problem of microstrip patch antenna is solved and
gain also increased about 2 dB over. The MIMO antenna for IEEE 802.11b and
PCS antenna also are proposed. PCS antenna designed at limited area between
meander line antennas for IEEE 802.11b. Mutual coupling between reference
antenna and PCS antenna is suppressed under -18 dB by using shorting stub on
PCS antenna. Gain of reference antenna and PCS antenna are 3.61 dBi and 0.05
dBi, respectively.

Chapter 3 describes a mutual coupling suppression by design of low profile
MIMO antenna for small base station. Two type antenna designed for 698~787
MHz and 1.71~2.17 GHz band. Low band antenna with impedance matching

_iX_
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cylinder is a metal component that distance between ports is A/8 to obtain
high isolation. As a results, the mutual coupling between ports is suppressed as
-19 dB. Measured gain is 6.07 dBi which is good performance. Low band MIMO
antenna with 30 mm height has a low profile structure for small base station.
The patch antenna for high band proposed as a type of PCB circular patch.
The mutual coupling between ports is suppressed -18 dB by application of A /2
feeding line and perpendicular structure. Proposed antenna has high gain of
5.98 dBi and low profile structure with 24.565 mm.

Chapter 4 describes a phase adjustable MIMO array antenna for 700 MHz
band base station. Broadband single dipole antenna with dual polarization for
array antenna proposed for 698~960 MHz band. It has 31.6 % bandwidth which
is 12.2 % broader than bandwidth 19.4 % of reference antenna. Isolation
between ports is under -26 dB. Because of the radiators is located at A/4
wavelength distance from reflector plane and center of balun. Measured gain is
10.2 dBi at 960 MHz. Broadband 5-port phase shifter with electrical down tilting
is designed. Measurement results of amplitude and phase has a good agreement
compare with simulation’s one. Array antenna is fabricated and measured. Total
electrical down tilting range is from =14 to 0. The array antenna has a good
S-parameters performance over all frequency band and tilting range. Measured
gain and horizontal HPBW are 14.5~15.5 dBi and 65°+5°, respectively. Upper
SLL of proposed MIMO array antenna is -15.5 dB which level is not affected to
neighbor base station antenna systems.

Chapter 5 describes the conclusion of this dissertation. The method of mutual
coupling suppression between MIMO antennas was proposed for mobile terminal
and small base station. Broadening method of the bandwidth dual polarization

dipole antenna for base station is also proposed and evaluated.

KEY WORDS: Antenna <FH|u}; Mutual Coupling Suppression 423 <A, MIMO %

98 5%49,; Broadband Fth¥; Base station 7] A=
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Fig. 2-4 Planar array antenna with inverted U structure.
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Fig. 2-5 Parameter study of inverted U structure.
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Table 2-1 Optimized parameters of inverted U structure.

Parameter Value

L 22.4 mm

D 9.5 mm

W 1.5 mm
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Fig. 2-7 Improved gain by using inverted U structure.
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Fig. 2-8 Current distributions.
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Fig. 2-10 Measured S-parameters of fabricated antenna.

_19_

Collection @ kmou



180 |deg.]

(@) 5.15 GHz (#1 antenna)

[dB]

-104-

20+

-40—+ 270
30—+

180 [deg.]

(b) 5.15 GHz (#2 antenna)

Collection @ kmou

_20_

0

Sim.

= mm Meg

" > XZ-plane

' > Y Z-plane




180 |deg.]

(c) 5.825 GHz (#1 antenna)

[dB]
0—

-20—+

180 [deg.]

(d) 5.825 GHz (#2 antenna)
Fig. 2-11 Radiation patterns of proposed antenna.
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Fig. 2-12 Gain of proposed antenna.
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Fig. 2-15 Parameter study of reference antenna.
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Table 2-2 Optimized parameters of reference antenna.

Parameter Value
a 10.5 mm
b 0.5 mm
C 1 mm
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Fig. 2-16 Simulation results of optimized parameters.
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Fig. 2-17 Photograph of fabricated reference antenna.
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Fig. 2-18 Measured S-parameters of reference antenna.
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Fig. 2-19 Radiation patterns of reference antenna.
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Fig. 2-20 Gain of reference antenna.

_29_

Collection @ kmou



222 23o]d Fx9] PIFAE PCS QtE|Uo] o3 W

>

712 ¢HeUtel PCS WY (1.75~1.87 GHz, ti¥Z 120 MH2)olA F&&t=
E F713 FxE AgdstaoH4ll ¢dEHY AAC oA agteses u$-
| W&ol et =e ¥M3tE FHAslelr] 9@ MIMO QFEIV Abo]e] w9 &
&% F3kol| PCS <telUE AASATH PCS OPEHLM 58 7+ 7kE 25 mm, Al
2 12 mme]th. MIMO FElY A" A5& R3] HsiA+= PCS OPEﬂb}E T
Zbetel gt 7]1E QMU EA4S fASHL, 7 QHHY 1 35 AH
= A 7P T3tk ARE bHUE PIFA AA $24S 7|wre
3D =2 AASAT
a9 2-21e 29 2-130) RSl 71F SkElY Abo]l F3E
GHIUYE 3D FxE AAZ AL Btk 3D FxE= 71F ¢HYY A AsLE
Astetr] 8 Y aeheEe W S HAssr] fs] g Aol PCS Qb
U PIFA W21s 7|Wro 2 kg e F3k HellA Fdst7] fla 23told 2 W
APRE HAFAZAT. 2vteld P2

Zz =
- 1
"ol wao] YAR £Fsh] frelsta HEFAE BE 5 9

Bl
8

L

ofN

mo

i}

(25 mm x 12 mm)ol PCS

a2

OH

=

Z HE 3] &=L F7IEATh d=25 mm, w=12 mm, t=1.6 mmo]
A, B, C& ¢tV wiAEAY EA S HA3kstr] 9% setr g ol

2= Akt PCS c’Hfﬂurgl S-uetrlE SAS HAsstr] 913 seteE

bS] ool gk sEtrE ot PCS Y& SE

olt}. he] Eo|7} F7HEFE FXEA ] MAEHE

mm7} W 238 FNEA] AHstEHe= As AT F AU

Hm hrt 3 mme UH 7 £ EA4S HAth A= PCS ¢

vo] ©et A~ He ZolH, 3 mmolA 7 mm7kA] 1 mm¥ WA RS we] A

=) B=

X

o,

o}, WAEA E4e AVl 6 mmY © /1 & ATE wd BE vt ~HE
9} = Mzol FAolth AEo FAE 1.9 mmolA 2.7 mm7-A 0.2 mmA H
A ZH oW, 6 mmY uw] WHAREA EAo] VM & AL AT £ Uy C= =

_30_

Collection @ kmou



glo)ld F XA WHE ZAolE yeldth Co #= 16.8 mmolA 184 mm7FA] 0.4
mm& HIAZFH o™, 18 mmY o] WAlEA EXo] 7P o, tdE 120 MHzE

BEss A AT 4 Uk

X PCS antenna
space

» » |<—> 1
FR4  Shorting A Feeding
stub

Fig. 2-21 Proposed PCS antenna structure.
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Fig. 2-22 Parameter study of proposed PCS antenna.
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o] A7ZRE PCS Yol A FH3t= FetulE ks ofdl & 2-30] FFH o
2 Yehgidoh a9 2-232 & 2-39] FEhuy 3o Z PCS ¢HHIUE Azﬂg
A EYoldgt S-tetrE] A4S dERATH QHHUS] WEAMASE PCS Y

1.87 GHz, 9% 120 MH2)S w+&3ht},

Table 2-3 Optimized parameters of proposed PCS antenna.

Parameter Value
h 3 mm
A 6 mm
B 2.5 mm
C 18 mm
0

)
S

Return loss [dB]
Ch

1
h

-30

1.5 1.6 1.7 1.8 1.9 2
Frequency |GHz|

Fig. 2-23 Simulation result of optimized parameters.

9 2-24= HA 3 ‘W]Q PCS <¢tHlY 1.8 GHzo AFEEE Uehdn. 23}
H dEHY oAM AF7F 7H AshAl BExsta eg<e &A= Ao A

ko] AR
e QrE} FRE PAHD Ge AR BF asecE FsoltEs udg
1@ Zlelth o2 ¢ls) PCS SHElUsl /1% QElde] 71X GFS
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Fig. 2-24 Current distribution of proposed PCS antenna.
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Fig. 2-25 Isolation characteristics of each antenna.
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Belth, E3 PCS obeub7} [EEE 802.11b% MIMO <Helube] oj|g abg 7%=
A R Zolth #17 #2= /1% QHUE, #3& PCS HEIUE ojul@Th Sye
Nz gtEuzte] 45A% 549 el AolT, Sy Sy PCS ElUel AE
belLte] 4B AT EA4L Uehdt. adelA B® PCS Shelute] wet EH)}
e Qe 1t AsARe] AAHE AL HAY & Y. w ~HBE
PCS tld o= 4 dB, IEEE 802.11b th¥ o= 2 dB o] A4 540 gA=

S-parameters [dB]
I
O
|
|
I
|
|

30 / A
1.3 1.6 1.9 2l 25 2.8
Frequency [GHz]

Fig. 2-26 Simulated S-parameters of reference and PCS antenna.
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Fig. 2-28 Measured S-parameters of reference and PCS antenna.
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180 |deg.]
(a) XZ-plane

180 [deg.]
(b) YZ-plane
Fig. 2-29 Radiation patterns of PCS antenna.
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180 [deg.]

(a) XZ-plane
W/ PCS Ant.

R “r.":D PCS Ant.

40— 270

180 [deg.]
(b) YZ-plane

Fig. 2-30 Radiation patterns of reference antenna.
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a9 2-29% 2-302 PCS <tElUe} 71& <RIV ®HAME S 247 Ho S Q)
th. PCS <telvte] WAgE AdE W JAE AlEHoM, A A 4%
Adolx, HpEE ettt XZ-He £ Hhe, YZ2-He £ fHs U
Wt 71 FElvk= PCS QHElYU f7o wE sjES HQlth PCS QHHUIE S
7% QbEVe] 9 WAL ZAaHE SAE AT & Ak PCS QHHU &

2 98] e H) A wako] tha 7L HA R, AA] Bl 2&3}7]4)
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1.3 1.6 19 22 25 28
Frequency [GHz|

Fig. 2-31 Gain of proposed antenna.
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A3 &£F 7|A=TE& MIMO <SHE|Ue] 4524 A I
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Fig. 3-1 Example of small base station for Femto cell.
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® 31 AE 4§ 23 AN a7sE Qe F4E noln,
o Arj 0|52 5 dBiolM, WAL L -10 B, SHHIL 1+ ¥
215 dB o]tk 1% 3-1o] B9l WE AE 23 7)Aol A oa%—s}%

200 x 200 x 40 (mm)e]t}. E-UTRA|A Ao Fare= F 117 iy
HH, IA 37HA 9o = & 4 ot 698~960 MHz the (band 5, 8, 12, 13, 14,
20), 1.71~2.17 GHz (band 1~4), 2.5~2.69 GHz (band 7)°o]™, 3 3-2¢ A stAot. 1
Y 313 2o 29 AT 8T 5 A= WY FRoWA RYE B4 §
g qrelvkel el Basth

~
}op
T
L@
2,
i)

okl
AL o
q b oo &

HU
St

Table 3-1 Specification of small base station antenna.

Parameter Description

Frequency According to E-UTRA bands
Maximum gain | 5 dBi @ -30°~30°

Return loss < -10 dB

[solation < -15 dB

Polarization Dual pol.

Dimensions 200 x 200 x 40 (mm)

Table 3-2 Frequency bands of E-UTRA.

E-UTRA Uplink (MHz) Downlink (MHz)
band from to from to
1 1,920 1,980 2,110 2,170
2 1,850 1,910 1,930 1,990
3 1,710 1,785 1,805 1,880
4 1,710 1,755 2,110 2,155
5 824 849 869 894
7 2,500 2,570 2,620 2,690
8 880 915 925 960
12 698 716 728 746
13 777 787 746 756
14 788 798 758 768
20 832 862 791 821
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Cylinder
X (Metal) PC

Feeding
cable ~,

LA =

S —
| (— Soldering
Feeding interface

th

Meta] Low t.T U pp-sjr’l k-
I plate’ pateh gpatch |

v/

Metal

(b) Side view
Fig. 3-2 Structure of proposed antenna.

Table 3-3 Design parameters of proposed antenna.

Parameter Value
ha Variable
hb Variable
cy Variable
pa 175 mm
pb 160 mm
Y 200 mm
ta 2 mm
th 1 mm
da 51 mm (1 /8 @ f¢)
db 37 mm
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(a) Variation of parameter ‘ha’
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i Variable ‘cy’
@ ha=21 mm

Return loss |dB]
on

200 ——4— _:_ e, ieaes 1.6 mmd|
' |- — 9.0 mmé

I H— 9.5 mmd

1 T T = =10.0 mmé|]
: : ~-—10.5 mm¢

0
0.6 [165 UT [175 UE{ {:-85 0.9
Frequency [GHz|

(b) Variation of parameter ‘cy’

t{Variable ‘hb’
@ cy=1.6 mmd
(| ==me 12=0
- = § mm
—— ] T

Return loss |dB]
on

—_— Emm
- | e 9mm
30 H ] i - -
06 065 0.7 075 08 085 09
Frequency |GHz]
(c) Variation of parameter ‘hb’

Fig. 3-3 Parameter study of proposed antenna.
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Table 3-4 Optimized parameters of proposed antenna.

Parameter Value
ha 21 mm
hb 7 mm
cy 9.5 mm
0 ] H | | i
| O | r
-5 _!*""_'%._ by H_- = _, g _.w:,,'l: Gy
= RN B
© 10— - }“ir L L ]
w i | | i
2 i\ / | |
2 =13 | i
i | |
@ 20—\ — —|— - -
E; 20 S i |
. — S
25 H S.
i
230 il | i |
06 065 07 075 08 085 09

Fig. 3-4 Optimized simulation results of proposed antenna.
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..... \ \ 7 - Metal plate

Soldering interface

Feeding cable

(a) Port #1 input

(b) Port #2 input

Fig. 3-5 Current distributions of proposed antenna.
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Z

Fig. 3-6 Photograph of fabricated antenna.
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Fig. 3-7 Measured S-parameters of proposed antenna.
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(a) 698 MHz (#1 antenna)
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——— §im.
mmwm Mea,
- Sim.
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> YZ-plane

180 [deg.]
(b) 698 MHz (#2 antenna)
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180 |deg.]

(c) 787 MHz (#1 antenna)

— Mea.
- - Sim.
= Vea,
N Sim.

> XZ-plane

> YZ-plane

180 [deg.]
(d) 787 MHz (#2 antenna)

Fig. 3-8 Radiation patterns of proposed antenna.
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Fig. 3-9 Gain of proposed antenna.
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(a) Top view
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Layer information
Copper
Substrate
s Netal plate

(b) Side view

Fig. 3-10 Structure of proposed antenna.

Table 3-5 Design parameters of proposed antenna.

Collection @ kmou

Parameter Value
ga Variable
gb Variable
ha Variable
hb Variable
pa 72 mm¢ (=1/2 @ fo)
pb 60 mm¢ (= 1/2 @ frign)
Y 200 mm
ta 2 mm
th 0.8 mm
tc 0.765 mm
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Aol AxzRE 1.71~2.17 GHz dHolA FRst= detv)g ke ol & 3-6
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Table 3-6 Optimized parameters of proposed antenna.

Parameter Value
ga 52.4 mm
gb 12 mm
ha 14 mm
hb 7 mm
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(b) Variation of parameter ‘gbh’
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(d) Variation of parameter ‘hb’

Fig. 3-11 Parameter study of proposed antenna.
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Fig. 3-12 Simulation results of proposed antenna.
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(b) Phase 90°
Fig. 3-13 Current distributions of proposed antenna.
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Fig. 3-14 Photograph of fabricated antenna.
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Fig. 3-15 Measured S-parameters of fabricated antenna.
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Fig. 3-16 Radiation patterns of proposed antenna
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Fig. 3-17 Gain of proposed antenna.

_68_

Collection @ kmou



TE HIT
-_— LN

ok
i
H

O,

B AAE AE g 28 AT b F29] MMO ¢
Hus AQstel Ao, A% D SHS B ZE 3 FEAF] A

SdHH FZE Ul AElUE 698~787 MHzollA FXAI717] 38 dadx A&
A% AdoE AlQtsta ?ﬂl" shth ElUE #EE gE

AU BelmE 19 B2 48 AT Sl BeE FANE 4 B oy )
HE BA4E Fust o5 EW 607 B 27 FAL FEe wEss A%
g 24

~2.17 GHpdl A B&dle 2-2E teUE AA st A%
CEY 7 REYEE FuEy] 98 FAA dolE %@%JWA R
2 HdAsigon. 1 Ax BEysE -18 dB o)st® FHsH) o] 52 5.98
dBiZ 87 A& FE3 UFete ZAE BZAth LEHUS Fo] = 24565 mm

_69_

Collection @ kmou



A 4 A 71A=FE& MIMO wiE <Y FdYst 4+

PS-LTEE =7k#el 3¢ ¢ag AYAAY AshAd A 72285 Ad 3
WS 0|54 LTE 710 FFU4A 55UTE AdEA 94 Az 2 o] § AF
3471 919 1olth of BAWS A A AWS BT 4L T AL F

Bro®, NFW 27 d HNE TEA0L B AHER A4S A 7B
A A-sol k. ®mF 700 MHz Ol 4%5 A& FusE dgsigon, HE
Ao LTEGS AH83t7]2 @ 2 o] thds)
eustz Q% A Az gopA Ut sheE, AW 33
T8k Aol A AAZR] FAola At
2 Sla) @ AHA Aol Basiti46]
;ﬂw el BE A B8 el 565 BT S sl Adel A
A

2

3
W L FEo] HQStH47] HAle| Fe&Wozo ey s oib £9A
S 18 o, A4 FEHEE olvFA H&8EE UHe R 3 AdkAw Lol
Zastth Ad 9o BAAode FEHor FEHHY 7|EY olFFTA AzHF
%] Hojok 3tH[48], o]& flelAE LTE 7]6ke] o] &l Al=8 Jejrt A4
& Aoltt. AdAY S FIAol . 3FAol 2=, T HIEo &
A Al2EH A FHRETE F8EE A8 VNeE AdtAnS /st
= Aol § fE AItH49I50]. dntdoz 8%, FAETS AU3HEA FAF
|

700 MHz thefe ol Aol chelvbel 283} AL 44 ek, et E
o el Zslel HHH JFS Bk LTE 92719 458 #4501 98
83 e} A 8a7h lEd, H telMAE He & ReE, thol WA
el s =, dEe] 4B ol tH51-53]
a9 4-1e AT FHUE el AF &4 o 4
A% gee 1Y A3hEE F kA Gest 9l
Eh o MAHI Qe Agelth 94 Y QHUE AgsE b 2

_70_

Collection @ kmou



1)

olf A AMelA HHsolTH5) AHE AL A A AR H7
A4 FHsted, APAY duds AFRY YIS JUE 24 5
2 & 9ly] e A AMelA Hsr} deksh,

jur]
b

Antenna

Phase shifter
knob

Inputport

Fig. 4-1 Photograph of installed base station antenna.
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Table 4-1 Specifications of proposed base station antenna.

Parameter Value
Frequency range 698~960 MHz
Electrical down tilt -14°~0°
Maximum gain = 15 dBi
VSWR < 151
Horizontal HPBW 65°+5°
Upper 1% SLL < -15 dB
Polarization +45°, Dual pol.
[solation < -25 dB
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176 mm

Reflector

246 mm ‘

(b) Top and side view
SE_ -7

Port #1

“45Pol. < m mm DDl 45 Pol.

(c) Current distribution of reference antenna

Fig. 4-3 Structure and polarization of reference antenna.
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Fig. 4-4 S-parameters of reference antenna.
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(a) 3D view

3

|J.57

(b) Radiator (left) and feeder (right)

Fig. 4-5 Structure of proposed antenna.

Table 4-2 Design parameters of proposed antenna.

Parameter Value

a Variable

b Variable

C Variable

da 176 mm

db 132 mm

ba 76 mm (= A/4 @ fhign)
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(a) Variation of parameter ‘a’
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Return loss |dB]

Variable ‘b’ (@ a=16 mm, c¢=30 mm
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(b) Variation of parameter ‘b’
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(o) Variation of parameter ‘c’

Fig. 4-6 Parameter study of proposed antenna.
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Fig. 4-7 Impedance characteristics of proposed antenna
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Table 4-3 Optimized parameters of proposed antenna.

Parameter Value
a 16 mm
b 4 mm
C 30 mm
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Fig. 4-8 Simulation results of proposed antenna.
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S-parameters [dB]

(b) Bottom view

Fig. 4-9 Photograph of fabricated antenna.
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Fig. 4-10 Measured S-parameters of fabricated antenna.
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Fig. 4-11 Comparison of S-parameters.
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Fig. 4-12 Coordination of proposed antenna.
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Fig. 4-13 Radiation patterns of proposed antenna.
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Fig. 4-14 Gain of proposed antenna.
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Fig. 4-15 Uniform linear array with phase shifter.
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Fig. 4-17 5-port phase shifter with array elements.
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Fig. 4-18 Simulation results of 5-port phase shifter.
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Fig. 4-28 Measured horizontal patterns of array antenna.
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