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Multilayer Dual-Band Planar Antenna with Omnidirectional Radiation for
Wireless Local Area Network Routers
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Abstract

In recent years, efforts have been made to replace rod-shaped monopole antennas with planar antennas exhibiting an omnidirectional
radiation pattern. In this paper, we describe the design, fabrication, and testing procedures of a dual-band planar antenna that can replace
a monopole antenna used in wireless local area network (LAN) routers. The proposed antenna consists of a square metal patch, square
ring, and shorting vias on a multilayer printed circuit board to induce 2.4 GHz and 5 GHz dual-band resonance and omnidirectional
radiation patterns. The antenna design is optimized using a 3D full-wave simulation software, and an antenna sample is prepared using
the printed circuit board fabrication process. The antenna sample is tuned using a copper tape to resolve the operation frequency mis-
match, and its performance is tested using a network analyzer and an anechoic chamber. Furthermore, the antenna sample is installed
in a commercial wireless LAN router, and its signal reception is analyzed in an actual wireless communication environment to verify
its applicability.
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Fig. 1. Pictures of conventional WLAN router.

592

ZHprinted circuit board, PCB) 7|% < o] &3to] 47
A 5 g0, Ik o 7jRo B RE 24

WALSH= A] 84 (directional radiation pattern)= 7HA4
gk Bl ZgetA] gttt v, HHE LYo x
g A siES Hole d A QFEVE ek b ]
QFel| UK(shorted patch antenna)7t AT & 2€] Delaveaud
ol o3 At FEUPR 0.06 2 EoI HAY 72
Ao® Bt AWk R Watele 545 Bt ©]
Qrelvte] e Hate] ol F HAWH A& YA S
o) 7)< D}aﬂ(shortmg via) 2 A sto] et 7}
& IF9 ARE FESe Aolvh ¢V w4
(feed)ol T2 A7 @t g A77F 594
(inphase)°] HEZ AAG wheh DiEs} A1 A
Sk WAL IS WA 2 9lnh T o) Thekel The
8 oA AAbEE 2RI A2 o]F PCBE
A #2934 A FAshe A '
AL g2y X vt AP 99 i) et

io&‘iHurBL

=
nk
=2

}

FT2E A5 24 GHz9 5 GHzol A o5 3 HE &

Tty g S E7020) EA A HALE S A A]

713 Y F s Fstqith
£ =rdAe ZaEd 919 o PCB 28 AHS-
of FAA FA A 5 e dEE A e
£ ARket) §& g5HS 7H Aol Aahe 3t
3 919 9 Fae FAW FA7 ) AAT 2
2 A 22 AAEeH, 171 o) F 153}
ﬂ,ﬂr(Tacomc RF-303 Rogers 5870y A et 7327} obd

I Flame Resistant 44(FR-4) 7135 2 Z38}o] A A 519
CE, SYs A4 dEaS AR FaEd (914

(e
¢
d

OIF—{UéiﬁmKl—YLmEil‘ﬂ L

g 2%
el 7z



H

0.4T vias R
middle

~patch ~>+

Lo '~ .

ground
= 31
A T2y

J8 2 g2 0% 97 grejite] 12
Fig. 2. Geometry of the proposed shorted patch antenna.
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Table 1. Optimized antenna parameters.

Parameter Value
L 92 mm
Ly 80 mm
Lro 62 mm
Ly 34.8 mm
H 9.6 mm
gap 0.3 mm
# of 0.6T vias 8 ea
# of 04T vias 12 ea

; \Vﬂ /\/\VV\//\

2 3 4 5 6
Frequency [GHz]

T8 3. otelvte] whabA| g Al B o)A AlAkgt
Fig. 3. Simulation result of the antenna’s reflection coefficient.
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HElR e H)F FHEAR)E BT ok e
ARzZE S]] 8 AbzZE B ALolofl 033 mm gape] EAIFTE
™ 2410 & sub-miniature A(SMA) 53 AWE 7} 9loH,
HAHG Z7F 2 & A8t 12719 @eto] Heltk
J9 5= AZE qEuE dolx B Ze2 32 T
FR-4 713 3707 A5H Bt

A2 QY A E 47 ol oy SAMAI 4 Aot
19 6ol UE 3ith 19 6(a)9F 1 6(b)= 2.4 GHzS}
5 GHz 9 ¢] TR, A Zd| wE HAp7F 24 &
At FRAFTF7} AR &t FAHEA =
FFug 99l 24~248 GHz9F 5.15~5.82 GHzoll A
81<—10 dBE T34 X gttt o] Apol= 370 9] FR4

Sample 1
Sample 2
Sample 3
——— Sample 4
5 20

24 25 26 27 5 52 54 56 58 6
Frequency [GHz] Frequency [GHz]

(a) 24 GHz 9 WA (b) 5 GHz TS whAMA S
(@) St of 2.4 GHz band (b) Sii of 5 GHz band
J8 6. A% Et S WHIF SH%
Fig. 6. Measured S, of the fabricated antenna samples.

Sample |
Sample 2
Sample 3
Sample 4




A 451 Aol
BRI, A B o]
A% AR A,

rﬁ

b 5 2SItk FR4 7199 B
Z1(resm)4 S frelad f(fiber
2t 11 gto]l 22td 4 Jth FR4
TAFe] WEW GHz tf &l A 9]

A ZER7E0] 40~430F B3] AT Q= 448

4

=)

k7] sl 13 A
8}04 W Hokth 17 7

2 AR S AR dE
tﬂwlﬁﬂﬂ% HHMIT%— %@i Jejzolth I8 7(a)
oAlM & & %ol 24 GHz A= a7t 715l w

o
K=l -
=150
)
-20 —— d=60 mm
—— d=61 mm
—— d=62mm
d =63 mm
-25
235 24 245 25 255 26 265
Frequency [GHz]
(a) TEIEIO]Z Hlolo] wE 2.4 GHz te WAl

(a) S of 2.4 GHz band by varying copper tape width

.

—— d=60mm
—— d=61mm
—— d=62mm

d =63 mm

54
Frequency [GHz]

Holol mE 5 GHz Y WA
(b) Si1 of 5 GHz band by varying copper tape width

56 58 6

(b) TelElol =

X XS zZXA

J8 7. 79 HolZ £ 2NN DAY WAAS
Fig. 7. Reflection coefficients by varying copper tape width.

g relue] AT AR el s AEE
o} o] 24 GHz 199 AF7F A &9 A E]d
Z=o] 7] WEolth ¢=62 mm¥ W, FE Fub o
9l 2.4~248 GHzol A §;<—10 dB9] A5& Hoth
w13 byl Yehd 5 GHz e HhalAIS SA gk
73 T, d® Wst] wet FAFE7E AA WekA Fe
o} ol <HEIUe] 5 GHz e 450l At o] ofd A}
7k W22 3719} gapoll Qs A7) wjFo) e

(Z12 N %O

N. Fy o 23

OHE|LE HE2

W R 01%’3P°4
AAG SR AEE OIA
A5, T2 H ];

&Y 019

-25

—— Measurement
245 25 255 26 265
Frequency [GHz]
(a) 24 GHz W9 9] WA
(@) 811 of 2.4 GHz band

-30
235

24

—— Simulation
—— Measurement

5 52 54 56

Frequency [GHz]
(b) 5 GHz W <] HApAI 5
(b) S of 5 GHz band
T el WA AR SA3e
1
. Comparison of measured and simulated reflection
coefficients after tuning the antenna.

58 6

595



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 8, August. 2022.

2(d=62 mm)% TS, 7] (FR-4)) W&
44011*1 428 FA4¢ Aoty ST AEH )%}
o] 24 GHz W 9(1 ¥ 8[a])2+ 5 GHz (1" 8[b])ll A
2 AT & F Uk MM AF3=o] 72 Hel
I 5y Folk 515~535 GHzol A BwrE8 & uha}
AGE Bl of gy AEE FAd SA7d A%
st AR S SAS AT, 2 WHIFE 3 515
~535 GHz 9 9] FAAg o] dstel= A& AT +

AT
delE FAH FA7I 2Rl ok T ¢
B9 WAL ES FuFF (anechoic chamber)oll A 57

ST 18 9 kel AlEo] gk o] 4A%
et 7 7153 A9 Qo] RaE 534 o
94 EUE HF T 9
Aotz A ok} AZo] AN 54z
MALHE AES ERE QhlUeld $3ske 7)S
I8 102 08 ARG L e o502 Wad

QU SAR 64

=
5
o

28 9. WAE 24 98 U R
A A

Fig. 9. Pictures of antenna radiation measurement set-up in
anechoic chamber.

(a) 24 GHz BAHAE (b) 5.8 GHz *}AHHE
(@) 2.4 GHz radiation pattern  (b) 5.8 GHz radiation pattern

J8 10, <Y WA E ] S5
Fig. 10. Measured results of antenna’s radiation pattern.

596

32-9 AR e Tejzolth 19 10)s 1 10(h)=
Z}7} 2.4 GHzS} 5.8 GHzOlA 49 WAbgo® 19
49 AlEd ol WAL E 3 F/do] frakehs & ATk
2.4 GHz¢t 5.8 GHzol A 9] A 505 2

¢ 5.1 dBiz, Al Edolds Fall AME el 2.8 dBist
5.7 dBi¢h H] 3 2.4 GHze & Y3t 5.8 GHze 0.66
dB & & BHth o] 5 GHz U199 2 WA
15 A7t —'?—7@3]1‘47%‘-% 5 F(electroless nickel immersion
gold, ENIG) A2 &0} F7H4 HuEdo] B4 7] v+
S & yedT:

AN S S0 whrElE HV A ES
718k Agtate] AA FAAE S A
48 Btk I9 (e FAA A7
QHIUE HoEr 7|E a/le] ddd g 53
HUE 2709 ol &2 Hid SHeluz A
oty #HY FA FAAEM A5 vl 221
NetSpot!'& 0143tk 18 11(b)= NetSpote] +
We nolFE 7

Ao > o
b2

b
ol i

w o B
(HT N o S

N ofN

OH‘I juich

s}

A BoFe Zlos AN 7 Add AR S A
Zrol wek EUE e 5 9
E2E B NN TA 77

19.6 dBm(—22~—18 dBm)% —34.5 dBm(—42~—29
dBm)elth. 7159 R Es AHEAls W B 74 A9
o] ztz} —21.6 dBm(—23~ —20 dBm)Z+ —32.1 dBm(—34
~—28 dBm)?! A} BlaLatH At U7t 2.4 GHz
o= 53 A5, 5 GHz oM 45te A
5 Helth E3), vhaAIS7E £ B9l 5.15~5.35 GHz

g 3634 529 A5 Aol 7tz —363



FAR FA71ek Syt
(a) Antenna mounted on WLAN router

A= AR

(a)

Graph Signal %  Max. Average Le:'el Band Channel  Width
T I IEN T I 7 I TN

2417 2427 2437
2412 2422 2432

88888z

&
=)

Received Signal Strength (dBm)
&

8

1 2 3 4 5 6
Channel
(b) FAHM FadE S434e oA(E #1, 2412 GHz)
(b) Example of WLAN received power value (Ch #1, 2.412 GHz)

Graph  Signal %  Max. Average Le'vvel Band Channel  Width
I T N I BT I R
5600 5640 5680 5745 5785 5825

5580 5620 5660 5700 5765 5805

‘E -10
)
£
o -30
c
2 4
&
= 50
c
B 60
w
- -70
H
:
& 9%
116 120 124 128 132 136 140 149 153 157 161 165
Channel
() FAH S48 ZA%e (3 #161, 5.805 GHz)

(c) Example of WLAN received power value (Ch #1, 5.805 GHz)
ag 1. 7719 Y A%E A 2 S

24 ~mEY 0 AT

=
LA
A = A EH

Al

A

Fig. 11. Picture of antenna on WLAN router and screenshot
of WLAN signal strength measurement software.

)

il
=]
=

#2 Add #4824 A
Table 2. Measured signal strength at different channels.

Received signal strength (dBm)
Channel | Frequency (GHz)
Monopole | Proposed patch
1 2412 —20 —19
7 2442 —23 -22
13 2472 —-22 —18
36 5.180 —32 —36
52 5.260 —34 —42
100 5.500 —33 —33
120 5.600 —34 —34
149 5.745 —28 —29
161 5.805 —32 —33
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