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Design of Dual-Polarization Antenna with High

Cross—Polarization Discrimination
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Abstract In a small cell base station used in densely populated areas , a dual polarized multiple
antenna(MIMO) is mainly used to increase the cell capacity. This paper demonstrates a dual-polarization
antenna with high cross—polarization discrimination(XPD) that can improve the capacity of a small cell
using a dual polarization multiple antenna (MIMO). By using the symmetric structure and differential
feeding, high XPD in all directions is achieved. In addition, a very similar radiation pattern is observed
between each polarization. Because of high XPD and similar radiation pattern in all directions, proposed
antenna is well adopted for small-cell multiple-input multiple-output(MIMO) system. Experimental results
shows that the proposed antenna has a bandwidth of 180 MHz (251 ~ 2.7 GHz), a maximum gain of 4.5
dBi (35 ~ 45 dBi), and a half-power beam width of 85 degrees. In addition, average XPD of 26.4 dB in
all directions, more than 13.8 dB increase than previous dual-polarization antennas which use single emitter
by using different feeding or selectively use polarization through switching.

Key Words : Cross—polarization discrimination(XPD), dual-polarization, multiple-input - multiple-output
(MIMO), polarization, isolation, slot antenna, indoor cell.

1. N2 Aelahr) @ a9 A9l Aol §48 wokdn

=

Tutd 7)7]) AbEAg 2 djgs Fdx o] &
Z7te] wEt ATE Fo4Er g 2o folHE:

"Department of Electrical & Electronic Engineering, Yonsei University

“LIG Nexl

"*Corresponding Author : Department of Electrical & Electronic Engineering, Yonsei University
(yongshik.lee@yonsei.ac.kr)

Received April 28, 2017 Revised May 30, 2017 Accepted June 04, 2017



o QWS — wpoN R R
_n_o_mm:ﬂ.o.,_l__,l ﬂﬂﬂu&h
o- il — NS
\.W(aw____22DL,\m/ 74.%quL
TSz e 3= € i o
mES277 EE ﬁoﬁw_ﬂmm ”
RISECFEERY o oy S5
93333 SSEEEESS o = o
89 ~ ) ~— 3 ® "R ] gt
a8 MY 2o o w1 Ll =
o's R R B I ol oo B ! =
o S —gx2 F ot ﬂ.ol__ e
83 - 8 2350 B I <z
29 282w 83==z9 — x5 N S g
& 5o g =2 F X ozs B
83 oz g E TN = EE g
& g=2EeEEelr _ g 283 - =
S a9 e > E "o X ooy 8§24 N
5 CoERRZ2® oo Wk LL
V4 & SEZQLTT L oK
8388833853333885335833¢8853 WES I b8 MW o 1 a
ety —~ - » [N
= 3 mm%\GWLDWm Lo%m.ﬁﬂ% S s & = =
s - - - - E NB X - 9 9 ¥
- W EEEEL, % R (gp) uonoapy
_ S EE EE+~ ~
oo T T o B
= F W oW
No ZB o ¥ F o @ o I T H I oW AW ﬂ%ﬁﬂﬂ %roﬂmwﬂ%%
o T T - TH B 0 = B — r N <
T NPTy FEFEeITgiz slPRPYs R -]
e~ No T T ~ = W G B = ! X B TR T mnim R
Méﬂaﬂhaﬂ_wL,Ul]ﬂhaoE }‘ulzi‘oliﬁﬂ%lﬂlo :u‘._]tﬂﬂyﬂi M],m_.ﬂm_/uﬂ_All,UlLl
T F 0 ke TRNTW o o H o ™ g E < T
WP oy T o T ﬁo?o;ﬁ_ﬂdﬂw4 X e sl oLcTc T o o M
L iLal e B X ~ B o = = —~ 7o do
5 B o8 R A ol W, T e W
PCRNCE N L BRae L x P T4t A i
GETET AL - QS peWEreSs Mg oo Wy OO
- = hal ; = -
ﬂuo;oﬂu %&m:,_ Mdrﬂﬂr%%utn_rmq_ﬂ# ]o#ad,odﬂx % Mﬁalom_bﬁ,_q
EE:. rtﬂ‘LIA\._,mo M] =0 ‘Ll.h_l‘l,olLﬂ c 07 = = X B B mo ﬁtdﬂ |
[~ v B TR n LT T - G oy No % e . 9 4
%Wﬂlﬂﬁﬁ].eulﬂw ﬂflzto#mwﬂmﬂo.‘moﬂ.m7Mﬂomadl.i§u N M_U_Ma_u_/ﬁ‘ﬂ%ﬂE
—_ o -~ T ~ o o . X EY
“ELTREER ZILE047T2asSa2lify  gpo sl
TN T 2o Oy N By e e W 3 W R g H S R W o m TRy W
ﬂ%M@rﬂMO{ d.mﬂo.%umleoE%W%H%ﬂ%ﬂfr Uuﬂw_ﬁ.ﬂguima
Hﬁ.?mwmgwr =y ﬂﬂgaw Emm]uuotmﬁu%ﬂﬂgauo1o_a F J Emo.oﬁl
SER L T RE® g LW YD T K TERTE S ﬂl@ﬁ.%mﬁﬂg_
A - A o 5 =W N s ) T N B o0 B
P e QB P I R e TN T g B R - W gy B
ry T ken T Ierr o ealt ey T & ORE R E
FRTERESHPIDT DRI B RRET D b H T RN Tl B W W

Fig. 2. Matching characteristic with respect to radius
for the sides of a feeding patch.
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Fig. 4. Photograph of the fabricated antenna: (a) top
view; (b) bottom view.
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Fig. 5. Simulated (thin line) and measured (thick line)
S—parameters.
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Fig. 6. Simulated (thin line) and measured (thick lin
e) radiation patterns at 2.6 GHz. (a) Vertical polariz
ation. (b) Horizontal polarization.
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Fig. 7. Measured (a) XPD at 2.6 GHz and (b) peak
gain within a 10 dB reflection bandwidth.
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Table 1. COMPARISON OF THE DUAL-POLARIZED
ANTENNAS

Reference Size(Ad ngimunj Maximum | Average
S Gain (dBi)| XPD (dB) | XPD (dB)
[4] - 74 33.8 12.3
(5] 0.91 x0.91 4.2 242 12.6
(6] 0.36 x0.36 7 40.3 42
Proposed| 0.5 x0.5 42 47.3 26.4
3. 88

B =RoNE =9 wx #Hi B E(XPD)E
. Alekd ot
Jol F29} AeFdoer WAy A
zd CES g
7} Ayl Fdd WAES 7R A 9l

SE
[l
o
it
i
B
2
)
2°F
4,
T
fr
&=
N
>
i)
>
1
H
S
s

N5S 7HS gl et o wads &
2 =(XPD)7} 264 dBE 7]&9] wdupAlAe] Al
2 OE 318 ol&ste W, 2AHS T A
5 degx oz A-§35k= Wyl vlste] 138 dB

REFERENCES

[1] Yue Li, Zhijun Zhang. Jianfeng Zheng,
Zhenghe Feng, "Channel Capacity Study
of  Polarization Reconfigurable Slot
Antenna for Indoor MIMO System”,
Microwav Opt Technol lett, vol53, pp.
1209-1231, Jun, 2011.

[2] J. Hoydis, M. Kobayashi, and M. Debbah,
“Green small-cell networks,” I[EEE Trans.
Veh.  Technol., pp.37 - 43,

vol.6, no.l,



204  sayemExisArze=2% H10A M3

March, 2011.

[3] O. Stanze and A. Weber, “Heterogeneous
networks with LTE-Advanced
technologies,” Bell Labs Tech J]., voll8,
no.l, pp.4l -58, Jun, 2013.

[4] D. H. Lee, ]J. H. Kim, J. H. Jang, and W.
S. Park, “Dual-frequency dualpolarization
antenna of high isolation with embedded
mushroom-like EBG cells,” Microw. Opt.
Technol Lett, vol.49, no.7, pp.1764 - 1768,
July, 2007.

[5] G. Adamiuk, S. Beer, W. Wiesbeck, and
T. Zwick, “Dual-orthogonal polarized
antenna for UWB-IR technology,” IEEE
Antennas Wireless Propag. Lett,
pp.981 - 984, 2009.

[6] K. Lau, K. Luk, and D. Lin, “A
wide-band dual-polarization

vol.§,

patch
antenna with directional coupler,” IEEE
Antennas Wireless Propag. Lett, vol.l,
pp.186 - 189, 2002.

[7] D. C. Cox and H. W. Arnold,
“Comparison of measured

cross—polarization isolation and

ice on a

Radio Sci.,

discrimination for rain and
19-GHz space-earth path,”
vol.19, no.2, pp. 617 - 628, 1984.

[8] High Frequency Structure Simulator. ver.
10.0, Ansoft Corporation, Pittsburgh, PA,
USA, 2005.

[9] Icheln, Clemens, Joonas Krogerus, and Pertti

"Use of balun
small-antenna  radiation
IEEE  Transactions
and Measurement
pp.498-506, 2004

[10] Yeoh, W. S., K. L. Wong, and W. S. T.

"Wideband

printed dipole

Vainikainen. chokes in
measurements.”
on Instrumentation

vol.53, no.2,

miniaturized  half
with
balun for wireless
IEEE  Transactions on
Antennas and Propagation vol59, no.l,

Rowe.
bowtie antenna
integrated

applications.”

pp339-342, 2011
[11] D. Bockelman and W. Eisenstadt,
“Combined differential and common-mode

scattering parameters: Theory and
simulation,” Radio Sci, vol43, no.7,
pp.1530 - 1539, 1995.
AR
o] A &(Sang-Ho Lee) [(H34]

e 1998 24 :
Foh} (33

o 20009 29 © Ak A7)
e (FEAAD

e 2000 2€¥ T 20059d 1€ ¢
LG olxdl Heled el

e 20059 1€ ~ 20149 129 : &
e PR DI DEEE

20104 39 ~ @A) AAt
A7 ARt sk

2355 52, GH 5

Axlei A5

(Taeck-Keun Oh) [(H34]

lo
|
ry

o 20104 29 : <latistm A
st} (FEA

o 20154 29 1 AATEE A7)
AAE 8} (F8HA AL

e 20154 29 ~ &A] : LIGE X~

2 AYAT

259 3=, SPHU 5

3l A Al(Jung-Je Ha) (A3 4]
e 20094 29 :
AA-FIE (F3D

2011 2€ © AAMdsta 77
A (D
o 2017 2€ : AAMdstw 77

AR} (P

AxEnL A7)

zaFs} 32, <¢HY 5



o] & 2(Yong-Shik Lee)

e 1998\ 24 :
e} (39

20043 49 : University of
Michigan (3-3tuFAL)

(d3d]
AAehst Az

e 2004 10€¥ Purdue
University (Post—doc-torial
Research Associate)

e 2005 7¥ EMAG
Technologies, Inc., Senior

Research Engineer
e 20051 9€ T @Al 1 AAWE

WA A A

=

[s)

Z359) 3=, Y, vEkEd

o 22T Jx|e o/ mm oty A 205



