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A Low-profile Internal Antenna for GSM/GPS/DCS/US-PCS Mobile Handsets
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Abstract

In this paper, a quad-band antenna for GSM/GPS/DCS/US-PCS handsets is proposed. The proposed antenna is low-profile for
mounting in limited inner space of a handset. It consists of three open points with quarter wave length for multi-band operation.
The ground plane below the patch is removed for wide-bandwidth without the variation of antenna size and the slot is added at
the center of the patch for convenient matching in high frequency band. It provides a enough bandwidth within VSWR 3:1
at all bands. In addition, the measured peak gains are between -2.19 and 2.09 in anechoic chamber (10mx6mx4m).

Key Words : Low-profile, Internal Antenna, Wide-bandwidth, Multi-band

A 2 % 5% 2 FhINE Add 548 9 o

9 Hoe toF dge Adske dwr)e fa7t

HZ o]FFA AulzE VEFd FAES F§ BoiUal itk ER HT9 ojeFAl dive 7
A Mulzrt F43) SdEn w7k e o) = 2AL § JlTe E2 TV, AHY, A7), Tt
& gusAn Qo mEkA sue] AlaEwke x vAAE §8e HEd 715l %7} gol 7}

st FUE wLy] ure gEde wRslg 23
=
()

7
Ba4e] F7kky dnt 53 FUo} 37, 7

TR et A gl e
o FAA ety Ange tete *MX*(HI!Z!
o AA  Bejetn AdFets DHEY)

t =EA5Y ;20059 29 199



GSM/GPS/DCS/US-PCS ¥ ols S8 MAM LZE ot Lt

B89 BrEoz A49w Yok

Agd =719 dLold olelgd A 75E F
Zhgell met geluzt AAshe e EolEA

ok geby otelue 283k thk 277} Hof

3k 2Ev VS A8 A7 e
o] o]5& wopd W olz} et YA
o ZebA 5L AR FELS WS AXA HE
2 et i Fo] FopAal o] wolAE
S-S 7T

B =FdME oldd 28 ¢elvte vHS ¢
5 g U5 Ik BA37 Yl v

At g4
2o <t} AAZ AT

A, Grle) Ay uR el 4A AF
3171 98 Aokd StEUE & WAH g
Yol nls] Ars Re w02 A RS AT

(H = 3.7 mm)

A, A /48] Aolg Zt= Al A9 WAEE o

FR4 layer
€&=4.7) y, x>
Foam layer ~ *7%
e=1.07) 2 ¥
FR4 layer H, :Y:i

Folded part

(€,=4.7) 4, :
\

83t] GSM/GPS/DCS/US-PCS th oA FHEA
2 ZEE 479,

op| 9o & QU] F7] ¥3} glo] \e oy
.2 9] 9i3ke] WA oele] FAME AAsT
HhAbA 2] S9te] slotS F71ske] GPS/DCS/ US- PCS
ele] o) ol S EwE AR

obeLte] AMA= Agilent A} HFSS ver. 549}
Zeland A}2] IE3D ver. 1008 Ao Al-g3}e] 3
st om, Aegold 2AE EdE AZd <
HUE Agilent ALe] E5071B2} Orbit AL far-field
measurement system ver. 3.6S A}lgsle] 243t
EE B ER R E Y

0. W3y <ty A2A

=
Fae] PAH9 FA, Dot

(@) &XtH F= (3-D structure) (W=42, |=12, T=66, Hi=1, H2=27, ©¢l : mm)

il

\

N ’ //// Feeding poé::st Lﬂ]—‘
7
s
D

w, Shortzlng post

A\

P

77 |

Folded part

(b) 2rALA (Radiator) (W=42, L=12, Wf=21, W1=12, Lv=29, L1=4,Ls=0.5, TF¥l : mm)

<% 1> oL} =
<Fig. 1> Proposed Antenna Structure

M43, M12(2005H 48)



GSM/GPS/DCS/US-PCS % 0]

= cioiy|g MARM] LRME obg|Lt

(=R —J

52 FAE Aok WARIE A4 ZololA F2t
ahe Al R A slote2 T4 0] glok

tejute]l g E, 5& 9 oI5 tigFd o
@ WAE Oes 2o T Aoz AeHd,
Af V.

d7leA f = Fo¢, ne &£&, Ve ¢HUY
o $3), 1 £ st
GxBxV @)

7oA Ge QtEHUe] |5, Be tidE, 1
23, V& <EHUe] Fyjelrt

2 (D3 4 @ e He dgEE 7HA
HH SHuY s % A A g vERdT
QhelLte] R ¢ AA Hxeo] gJdoz A
& o ok maba WAk oo HAH S 11174
s A F=of Fo] WAL oo HAH
AAsE A$EG HoAAA HER Eﬂrz—ioi
et} B9 E S7HAE 4 A <tElve] e
22 Z718HAl Ech4,5] wheba] SARA ofef e A
AR G fgEHS 47 Hstd AAs At A
Aol =7)E W x T = 42 x 66 mm’ o] H =
I mmQl FR4 7|#& o] &3¢ttt WALA| o o}
BROE 848 e, = 47 o]a1 H = 1 mm¢l
FR4E AME-31%15L, FR4 7|9 obdfjolle #3& ¢«
1.07 ©]31 Hp=2.7mm¢l foam® 2 A} ¢] o
8139k GSM/GPS/DCS/US-PCS q}ou z
ol 8 FA&%E o8t ALt
1 AMH < 0} HEo && o

o | mlm
r°"

¥ 5 ges xﬂZM%lE}
<@ 1>9] folded part= 0]
o SE glol 34 7‘01— 4@22 £
Slch. Agtslolz ek Acﬂd e w2
2 HAAHA] WE] H = 37 mm) @]
23309] 4 mw

/kol

GSM t¥¢] PIFA Fx&
o] &ste] &3 73‘01—2— ZPe 2 HA891, GPS o
oo} PIFA T2t WALH Y ZUdo| slotg F7181
o HWJ o 7IN=E AAsIYh. DCS/US-PCS
& GSM the o] ate] o] 5=
o] N} 2HEZ FHAAEE st HALS F
A2 Ak WA F99 slote
L, GPS/DCS/US-PCS t]de] Qe vl
stk setuHE AAsAt

<1 2>= Agilent A}2] HFSS ver. 54 & ©]
3 AlEdo)l A Aubolar slote] Ze] L, o ubz}
%1 Fahe} GPS/DCS/US-PCS the 9] vl ej o]
35 Jehidth # A9 sloto] Zole <29 2>9
A & 4 9l50] 29 mmo]T o]w GSM, GPS, DCS,
US-PCS9] A thedo A} VSWR 3:1 o]&te] %
S WEdTh derEo R WAE v active 4
Apeb QHELt Atole] A7t g @E7IM 2T
3= Tx power HXT ¢F 1 ~ 2 dB ©]2Z VSWR
3lo)ate] djgZo g HA gt

<1y 3> AlEgolde F8f ¥ AAE uiw
o2 ghsox Qe AAl ARxlolw, <Y 4>
= Zeland A}2] TE3D ver. 10.0 AJEdo]A-& B3] A

meander line 1+3X&

meander line

o&Lﬂl

(R ol o

il

@
=
53
20 e =24mm v |
[ —E—L=29mm
25 [ ——L=34mm ] ]
_30' P O S B
0.5 1 1.5 2 25

Frequency [GHz]

<ag 2> &% Zo| Lvoll e
<Fig. 2> Variation of Resonant frequency for several
slot length of Lv

I Fasol wat

Vol.4 No.1(2005. 4)

The Journal of Korean institute of Transport Systems 91



GSM/GPS/DCS/US-PCS T olF THeZ|& MARM| L&y okt

<33 3> YZE oL AEE

<Fig. 3> Photograph for the Internal Antenna

[«

g ¢Eve] AREE —3— etk <39 4>
= GSM ti ol xe] AFEEo|th GSM the o
x

p 84

~
=3
~—

T Zol9f A 4%l @ 28X A/ M7zt
oks] Xt} o]+ meander lme«] HEQJ @ AF
AM Fo WAL s AL olvlsla PIFA

TZ2Z T8 eSS —“i—oq—r‘:} <a¥ 4>b)e
GPS el HF ZExolth GPS thHef &3
Zolo] A 421 ® AAHoA HF A7I7F Faizl
th o]& slotd] o3 FriEo ® AHAA F
8 AL sk RS 9wkl PIFA 722
A5t eSS HoFEth <Oy 4>(c)= DCS$}
US- PCS tholrof M7 EFolth o] tigox

FodAE © AFA wAgth o] PIFA T
Z22 T&se g Avdn GSM diele I3
Zold °]£L5]°1?q meander lineo] 7|8} AEBHZ
TAshs A RoFn.

m[o

. 23 <tete] A2 2 54

<19 5>% AE AZE FelvE Agilent AL
E5 071BZ o]&3dla] WAl &£48 ZAs)y o=
AlEdg ol dole g vlwsttt S50 2
g 71EL2 GSM, tgelxe] Fee T4 F3t

P -
el Al e v W= e A pt e

—lp . e =y iy = . =

a;-.-—o—G—Q—Q—q—‘—

(a) 925MHz

=
- - - - - © . - - o

- - - — —

v e e e o e b

(b) 1575MHz

SR - - X ; - [

- - - - - we tea f - Fad
t —— - - - - - - - \$
- P

LR O . ol o L

(c) 1850MHz
<0@ 4> WEE oteuolMe MREE

<Fig. 4> Current Distribution within the Internal Antenna

=7} 925 MHzo|x AAuy] 3:1 o]ty syl
o] 880 MHz ~ 980 MHz Z 4] 10.81 %2 th
2 QAlm oS el AAT 1 olael F}
¢ Yo} 1520 MHz ~ 1620 MHz E4 6.34 %]
HYZES Atk =3 DCS, US-PCS tgoMe
HAT] 301 olske] F34 vhelo] 1690 MHz -
2030 MHzZ 4 18.88 %2 &S At

<71¥ 6>2 Orbit A}2} far-field measurement sys-
tem ver. 3.69)4 =A = GSM/GPS/DCS/US-PCS o
el 6 W22 E-Plane WA ¢ WEFo
29 H-Plane A} SRS Yepflch Qbelv=
Fw PAEe Azos Ae AP 57
AR, 2y Ao Fugvl golas
ARG AN BF EEIF A 9
B3l ol WAL o2 3 e T
Qo He] 4@ WAE] nulle] FAEHE A
% % it $9T PAANE FEeT HPBW

fo & @ it np

92 AIATSAL=E7|

Mi4d, M12(20053 49)



GSM/GPS/DCS/US-PCS 9 o & L7 MAM L&E oLt

= GSM, GPStheMe= A weko g ZFE) slotg ©]4-5}a] GSM/GPS/DCS/US-PCS th <ol &
%5k DCS A= 76.57° ~ 8220° 2 FAH S g 31 ojate] Y FS AT A s
i, US-PCS tjdol| A= 164.41° ~-188.69° & &%

0
ek i
<E 1>& rElvel £2d whldds FER 5 ¢ ]
HatsEe] A o] 53 Fitol5E JeRAIT = 10 o E
EAN & 5 g%e) A WA AW ¢ 2 ]
Hubel oS¢ WA oF | dB o] o]E VSWR & ¢ :
31 olate] WYZolN wu)sl agsh 1~ 2d 2 E
P Sirmulated J
Be] Tx power xS W& A7tk -25 E Measured B
=30 :I I PR Y T R T T NN SN N TN T N | |:
IV. g % 0.5 1 1.5 2 25
Frequency [GHz]

B R Ak qEuhE A 4 3 A <aE 5> YmE oeLbel whap 24

oA Fatsh= Al JHel AT AR Fe <Fig. 5> Return Loss of the Internal Antenna

<33 6> WHEE Cte|Lte grATE (

<Fig. 6> Radiation Patterns for the Internal Antenna ( ,4as : E-Plane,

270°

(b) 1575MHz

3007

badvg

240° 240°

{c) 1795MHz {d) 1920MHz

ssez . E-PANe, wcmmem : H-Plane)
: H-Plane)

Vol.4 No.1(2005. 4)

The Journal of Korean Institute of Transport Systems 93



GSM/GPS/DCS/US-PCS tHed o5 T8 XA L 3ed ot

<E 1> 2 g9

zltho| 52t WHOIS
<Table 1> Maximum Gain and

Average Gain for

Each Band
H-Plane E-Plane
F

(MHz) | #HOIS | Bol5 | Ao 5 | BitolS

(dBi) (dBi) (dBi) (dBi)

890 141 -1.63 -1.04 -5.20
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