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Design of a Internal Loop Antenna for Multi-band Mobile Handset
Applications
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Abstract

In this paper, the quad-band antenna for mobile handsets is proposed and developed. The operating frequency bands
include GSM(880 MHz~960 MHz), GPS(1,575 MHz+10 MHz), DCS(1,710 MHz~1,880 MHz), and PCS(1,850 MH
z~1,990 MHz). The proposed antenna consists of a feed line, a shorting post, and a radiating element of the folded
loop. The multi-band operation is achieved by using the fundamental and higher resonant modes of the radiating
element, Based on analysis of the current distribution on the radiator, the resonant frequency of each mode can be
adjusted by adding the different sizes of slots on the radiator. The radiator of the folded loop is designed to be
symmetrical so that the energy is symmetrically distributed on the radiator, which results in omni-directional radiation
pattern. The ground plane under the radiator is removed in order to improve the bandwidth. The measured impedance
bandwidths are 10.1 % in GSM band(VSWR<2.5), 26.8 % in GPS band, and DCS/US-PCS bands(VSWR<2.5),
respectively. The maximum gains on the H-plane of the fabricated antenna are measured about —0.37 dBi~2.55 dBi
for all operating frequency bands.
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(a) Geometry of the prototype antenna
(Leatcr: 13 mm, Lorounp: 69 mm,
Worounp: 40 mm, Lremove: 11 mm,
H sysi: 2 mm, Hgygo: 3 mm)
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(b) Geometry of radiator
(Leatcu: 13 mm, Wearcu: 40 mm,

Wi 2.5 mm, Ws: 1 mm,

Wa: 3 mm, Wg: 2 mm)
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(c) Photograph of prototype antenna
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Fig. 1. Geometry of the prototype antenna and photo-
graph.
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Fig. 2. Retun loss of the prototype antenna.
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(a) 1,120 MHzol A AHAAY) HE B
(a) Current distribution on the radiator at 1,120 MHz
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(b) Current distribution on the radiator at 1,785 MHz
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(c) Current distribution on the radiator at 2,210 MHz
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Fig. 3. Current distribution on the radiator at each
resonance frequency.
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Fig. 4. Maximum electric field point and tuning point
on the radiator.
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Fig. 5. Characteristics of the antenna according to
width variation of each tuning point.

[

¥ 2 9% 248 27 6 mm 729 £¢ 25 mm
A 05 mmz Fol: FRE B8 7JERESY 3



X,

Zu4= 1,120 MHzo) A oF 980 MHzZ 2F 140
MHzE @2 & 9T, 13 23 BT 4% 1,720
MHzol A 1,650 MHzZ <k 70 MHz7F W28 & &
Ak dHA T 23F &} EEQ A$ D RE A
oo HujHol 7] W] AR 2=st I8A
=07 2 5 UL, 290 F29 Z Wi
AN ZAoj7t A 4L vA E&E FAT +
Ut E BEo] X Wiste] @& T3+ HEEHS

2 REY 3A Furs I 9% A 52

2 %9t 13 23 BT o) 79 1,785 MHzol A oF
1,450 MHzZ <F 335 MHz9) 22 F37 WE 7
& BHQY, 23 T3 REQ Fa¢ o|EL 2210
MHz¢ A oF 1,910 MHzZ ¢ 300 MHzE ¥& & ¢l
Atk F £ & Al & R&Y 32 FoF
Wl 7] FEolA ¢ 990 MHzE ¢k 130 MHz
ol E, 2a} 73k REAE 2,130 MHzE ¢F 80 MHz
€ #& & Atk

|

)

I A dAE ALt A R 5F

e £4& vieto 2 GSM(880 MHz~960 MHz),
GPS(1,575 MHz£10 MHz), DCS(1,710 MHz~1,880
MHZ) 18]35 US-PCS(1,850 MHz~1,990 MHz) ¥

S AY3E 45 U9 £ G UE 4A), A3}
931'4-.

1% 62 A AAE AeVE Ve T Qith ¢
Hue AA A AU FAL ZEE 8¢ ey
o} T8ty FAA Y AT 4 P& gz
A AAGAG FZE Pt 2EYY 2 7
EZHOZ 1 mm~35 mmE TAFY glen, 18
6AMAY 54 Bl 4 E2E AT Y &
Zo] AFHUTh GHFY] WAldE IA IS
F2) GowA AA Z=d daf I3 ForE
A57) 98 4 & L& L 0.5 mm~15

mmZ AL, 4 F EJEY ’#‘?J% %9
e D FEL 4 mmx3 mm F & 3 mmx3.5
mm, E &2 3 mmx4 mmolt} €50 Ade &
-,—.4 FX Z22 1 mm~1.5 mmo|™, Z} F-&9 A

FA= E 19 YeARich

-—l@ 7 A AAE Qe 2] RECA B

AR e AR BEE B9 F& 29t 47

(@ A AAE et Fx
(a) Geometry of the redesigned antenna
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(b) Geometry of radiator

) Z2EBRY U 4EE
(c) Photograph of prototype antenna
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Fig.. 6. Geometry of the redesigned antenna and photo-
graph.
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Table 1. Design parameters of the antenna.

Parameter Valug(mm) | Parameter | Value(mm)
Leatcu 13 Lu 14
Weatcn 40 Lz 9

We 2 Wa 3
Wi 3.5 Wi 1
W3 1.5 Ws 1
Ly 3 Ws, 4
Lss 3 Wsa 4
Lss 3.5 Wss 3
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(a) Current distribution on the radiator at 930 MHz
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(b) Current distribution on the radiator at 1,580 MHz
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(c) Current distribution on the radiator at 1,870 MHz
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Fig. 7. Current distribution on the radiator at each
resonance frequencies.
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Fig. 8. Retun loss of the redesigned antenna.
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Table 2. Measured gain of the redesigned antenna.

H-Plane E-Plane
Frq.

Band [MHZ] Peak Ave, Peak Ave.
Gain[dBi] | Gain[dBi] | Gain[dBi] | Gain[dBi]

880 | —037 | =315 | —120 | —-5.14
GSM | 920 051 | —210 | —-044 | —401
960 012 | —-234 | -032 | —392

1565 040 | —1.62 178 | —3.15
GPS | 1575 2.06 0.12 257 | —1.80
1585 207 0.03 2.81 —1.67

1710 031 | —205 140 | —-2.84
DCS | 1795 052 | —1.82 165 | —2.68
1880 030 | —2.01 149 | =291

1850 | 036 | —2.14 152 | —271
1920 | 134 | —1.23 235 | -220

Us-
PCS

1950 255 | -053 328 | —1.60

el 13} 13 22 F33}7] g WA Y #
T2 M2 dE 949 A4 s g4 o
Eolth ol HAHY FFE AY TA dE 7H
A HaE A& HL o q93 g g
UE N2 37, & 2a BiE S e
A ZAEAT o8 F deive] B3 §4 e
4 98 UnE AH3le GPS A3 E T
AojA £3 A¥ Ha deviel £33 A o ¢
Hus 5498 452 7HAA HE= A7 =HA
e & Utk B 2oE Z gl M FAHE ¢



== H-plane . == H-plane
0* ~O=E-plane 0 ~O= E-plane

(@ GSM tlgelx ZAE ¥AL s (b) GPS el S WAL e
(2) Measured radiation pattern at GSM band (b) Measured radiation pattern at GPS band

(c) DCS A FAHE WAL HE (d) US-PCS tigelx S4d BAt el

(¢) Measured radiation pattern at DCS band (d) Measured radiation pattern at US-PCS band
38 9 Azd ey $38 P Hd
Fig. 9. Measured radiation patt fabricated antenna.
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