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Method of Suppressing Pattern Nulls of an MM-Wave
Array Antenna Using Parasitic Elements
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Abstract

In this study, we analyze the reduction of a cross-polarization(X-pol) isolation by using parasitic elements to eliminate the
pattern-nulls of a 60 GHz 2x4 microstrip patch antenna array. In addition, we investigate the changes of the pattern-null suppression
and X-pol isolation resulting from different alignments of the parasitic elements mounted above the array antenna. Through this study,
we demonstrate the feasibility of using parasitic elements to suppress the pattern-nulls of a patch array antenna in a system requiring
an adequate X-pol isolation.

Key words: Millimeter-Wave, Patch Array Antenna, Null-Filling, Parasitic Element, Cross-Polarization Isolation

I.M E o] giFH ALt old M} W T fEE B =

2% doly A$EEE rad & Jde dErEI

ERAEN 71&9 G438 dHog <lg et ¥4 o 718ke] Al 2Hlof tigk #4lo] AXLL Tk 53], 60
A AgL ~ulE gupo] ~Eo] SASISA, YEYIE GHz t92 7 GHz®] B> 9 Z3} 1 Gbs o/Fe] A%
5ot ol EYE vid 7|slE5H o2 Sk Q) S5 FET F 9o, HT Ee] AH Ak 2
EH” F Lol = SAITI(5G) 01% Al AT ol AL nE 3} gf el A = o] A2 3} tf el A 9 g T4 A
AHYl 53 = AZE e 1EH B4 A Jo A e] Aule] A Z =2 (propagation loss)©] 433 2
H1*7} ZH3HA 2 /& F A LF gk 28] A vehd=dl, o) BAdshy] S8 Lelvl ey} they Al

Fo] A& 20199 % AR (v AZHI)e AFOE SdxATA T AdE wop 8l A7 (No. 2017R1A2B4002811).,
SHakth sty A A4 1 %A1 3-8t 2K Department of Electronics and Computer Engineering, Hanyang University)

#Hofd 8t § 3 A}3 8- (Department of Electronic Engineering, Hanyang University)
1: ¥FAF (https://orcid.org/0000-0001-6586-6639), 2: i4(https://orcid.org/0000-0003-0596-7934)

- Manuscript received June 24, 2019 ; Revised July 29, 2019 ; Accepted July 30, 2019. (ID No. 20190624-060)

+ Corresponding Author: Jae-Hoon Choi (e-mail: choijh@hanyang.ac.kr)

688 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



AR AE 8 )5S 2 Y QEUE 52 AL
o6 g, W okl kel §4F 4 9 € (beam pattem)

Aol M YA G HA(side lobe)E 3 T/ % (main
lobe) FellA 2L G(null)o] F/d= =, oljg de §
A2 AFE golth A agoA e SHE el E Al
gt SAl Al gl A o] AR At F& oF7|sh=
F238 29 F et o] 5 3§ A3sly] 3 7129
o] AFES AaAe oA W E tey 2tz <
7hel e Alel A7 E Wy ko] wid tEve] W)
8 Ao do] §4E& dAlshs 7IHES AT
Bowkd, F3Ed 9ol e A 34 3] g e
o] 225 Atolell 714 AR parasitic element)E A 3+
F7HARl Al Ae] flo] el st g X wj g <t

HLke] HoE Aol

\O

2o Y= dAse WS At
stk sHAIRE FAFR 9ol M= wapH s AL AR
of daiMe xHA eken, Ao r FyEd
919 71 wAs s A4 A

& =EdME FLE [9]elA AAE 71 AHE
71 At o) 55 AFet, vFd 7 e
Wl wE 60 GHz 24 @ il g Qe el XPUr

$OE 950 9 oA X

‘?ixﬂ—g— -‘H?‘S& 7\ 227t g
HltHZ‘ A FH & W EH 60 GHz 2x4 WlO|ARXAE
WA g Qe e 6““’ Ut Aok <teLt
+ Taconic TLY(¢,=2.2, tan §=0.0009, F7|=0.127 mm) 7|
o207 AEE 35 FRE, ofgdHe HAHo| L F7H
Holl & vlo] AR AEY MR, A Wl el A4 Y
HE2 W37 gIA]gth el AE F4 AR
FAQ WFOE A 44 714 WALATE A gt
A w29 & We] Zol= 1,575 mmo|H, 9 X
T 3 otk eV Mg 7H4 - 32 mmolth £ =
|4 Sty 8141 913] AnsysAHe] HFSS AlE# €]
A ES AR 9 28 FaEd [9)elA Al
7N 2AE ZH= 60 GHz 2x4 93] vj < Srelte] 7|4 A&
2 frirell e FLAIK T LA e ) ©f

7822 AHEE DEr e g et v siE d oAl Wy

w/ parasitics

.39 Is. !

w/o parasitics

- < 7 ¥ ;lrl
< -y
1158 .
0.23 p
12 = ~ ~_
.l'ﬁ x _ Unmitimm ey
- »

16.4

a8 1. 712 el wWE 60 GHz A Wi E ¢
U 7z 3 Yo AR)sh waske
R oI5 BICIALAE S vY A
A FHCE FAUE B

Configurations of the array antenna w/ and w/o
parasitic elements and the definition for the #- and
¢-polarization gains(when the parasitic elements are
placed asymmetrically and vertically to the feed line).

)

Fig. 1.

&

Y ey
AT

Gain [dBi]

V\A’MA m

—&—  w/o parasitics, gain (¢ ) —4*— w/ parasitics, gain (¢ )
—O— w/o parasitics, gain (§) —®— w/ parasitics, gain ()

60T ,A/A_A/k
6! ~a

R0
-80

-150 -100 -50 0 50 100 150
Theta [deg]

CARA o BE AAE QEve FY 2
WA o5 e xHW WA

Fig. 2. Radiation pattern of the designed 60 GHz array

antenna w/ and w/o parasitic elements.
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Fig. 4. Simulated radiation patterns of the designed arrays
by different placements of the parasitic elements.
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Fig. 5. Simulated reflection coefficients of the designed
arrays with three different parasitic elements.
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Table 1. Comparison for null-filling levels and cross pola-

rization isolations of the designed 60 GHz patch

array antennas by several placements of the pa-
rasitic elements.

Arrangement | Null-filling level [dB] | X-pol isolation [dB]
configuration Sim. Meas. Sim. Meas.
Ref. [9] 29 275 12 —
Fig. 4(a) 16 15.6 51 322
Fig. 4(b) 19 18 23 20.4
Fig. 4(c) 8 7 53 344
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