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Abstract

In this paper, we carried out performance analysis of mobile station with built-in
antenna for PCS(Personal Communication System) band. The radiation patterns for
antenna and mobile phone were simulated by using 3D simulation program, HEFSS(High
Frequency Structure Simulator) and SEMCAD(Simulation Platform 'for Electromagnetic
Compatibility Antenna Design Dosimetry). We observed radiation pattern variation
according to installation of LED(Light Emitting Diode) circuit and ground pattern. The
radiation pattern of prototype mobile phone was measured, and the radio sensitivity was
measured by using Agilent E5515C and chamber. The measured maximum antenna gain at
1.87GHz was 0.21dBi. The measured radio sensitivity of prototype mobile phone shows
proper performances comparable to other models with external antennas.

Key words : built-in antenna, mobile station, radio sensitivity, radiation pattern

1.4 & 12, WAd geus AFe ol virle Wis
E ELe F79 FFET @40 wep 540 g2
Hz) o]SEA Pofol Folg wyr] BEL F& A vehin, 7129 939 JHuE FIAD FHR
3 wAstn glon A¥st trssl A% 2 A o 9] AR Ui Zlwe] 327) S we o
2$ tziel o] si&sl Hu ok ol dste] R JFS o A Ent
o5 wurle] AlZbH 9% tiAlel Ha] 4nlalel & wEA, B =EdqME @LG A uEE <ty
Fo) wet e WsE 27alm e, FA 9yl § IS ol @] AdAHozA ey HEE
of E2¥uz Faslo] sbg Bo| #oln v 9 VIV AAFS F4& dWEd @7 AAF
& oty FuAl E229E Q8 E¥dol Jdu ¥ LED(Light Emitting Diode)el d¥oz U
HEH7] Ae wAe AUm ok ool Az Heyl WRE teEte) WA Y wsiel A ek 5& A
o taple FhsatAl B st Tug mde) o AROEHS Bt dolRu, WAY JHUE /A
g uWAE gaslel oig Axsb Jelta ok § 9Rrle) waslEe dARdAEs Bt ANd

— 560~



20038 SIXMIIIES ZEstsd

283 e

Vol.13, No.1 2003.11.15

71&9] 938 el At duv|eh FA7E v
242 B39 2448 etk

2AME WA oteHvel 4 wilel Bsto Zied
33 ME wiylo] Fae LEDS Al wa
AtEie] WslE AwEa oty WA wuvlel u
A S AA NTFES 12 AEdA HAEdES
Bl 33t} 4= ey Uiy wiy) AlRE
el HAlEn o)5E E4dn AFE <dulWl AE
g gav)el BA7E Ba FHE B A=E vlast
o opxjeto g 5FeM HAEL Pt

'FJ.—Yl

-

7

O. W38 <telvtet

St

3

e

2.1 WdE ey

oy vl AHEEHE telue] digtd QTEHE
de dAdog Qe HpEe] FHEHFoRE
A S A st FRAARE S8 A& st
el of7|A olF wivle FIOE MYA AT
7440l 23so] itk

WAd grelve] A¢ ddriel FAU A7E FHas)
7195l eVt £¥Y AL a7t vk GG
o] @A77t AHS 3ol vidte] ZolA|Al HE oz
sHevte] Q(Quality Factor)gte] #AXAl S o Eo)
233 FotAn, et WAL g&o] HojAlA dth F

£7
x

< g0 A ﬁﬂE}H W eV ARSell dYEo] H
71% ok WAy otHvRA H#og © <tHUE 4
8, Bue 54 é—% Ad @ Fele] o FY JeE A8
7= she ol e WENE AREle] dske B4
€ 78T UATH3-5l & = ]*1 yrtelhe 2de 7
F WA dEvelM S7EE AEe] SFsiet 5
e AtE e A7) s S 722 SHoiglth

22 et PG, o5 24 % VY| BT 33
R BERRAEEEISE A= S Tuk)

AolA olFoiATt, olF wuy| Al WALAE of

5 239 a8

24 9

ag 1o Jehigich

PVVVVVVVVIVVVY
-

a9 1.

PR o o]F 24,

27 otehiel ¥& & v AR Mo HEE
27 oreubel ¥olg ZAslok vk A st B
Z & clepu= Power Control Unitoll |Ase] 348}

A =, webd 8 AR $2] e $A4E
4 Al "6l olF WY LA FAE AR
gl ngoz Azedold s WAIH ¢ o5&
2% 4 A €k

3, olF vLy| A% FHA #H=E
3 o] o ole olF wurid Fatg U F
AH 32 EAS B F Qe Aot AEE #4 #A=
o FMZER Uy £ ded FAEEE ES515CE &
Astaxt s @@vlel FEAER Y dddd F
Aehe AR, v Wi 32eh dolAAl H1 A
23 wdr)le] sededMey FAREE FAske Aol
"ot ZAzEE FubipddA 24 okt A
ol% Wuvlet dAF AuE Tz E5515CY $AIFe]
dZ4% EF & ¢HUR $4 AYE 2wy 43
AL g} of7)A FAsA S olF Wgﬂoﬂ S
HE Al BEE Ad=HA] ¢ ek a¥ 2& FA%
T 23 4& Holx 3irh

o] [ Z
24L& u$

NAA"ATAAVAVATAVAVAVAVAVAVAVAVATATATAVAVS
<1
K ay evA
> . Styiderd Gain Hom Al
I e i
= B
D N3
- ] 4
>
S
B q
B «]
D> ]
- .
ANAADANNAN A4S
[ = ;
b = 14|
ESSI5C

1Y 2. #x 4.

24 <zl Fag olg WidrlE FukApde]l AHX]
3 § E5515CE AME3l &t e wavle &
2 MAs%ich. FER(Frame Error Rate)Zto] HE 0.1%
ojilol EF ES515CE HAT ¥ 271 PAE el
A g& &3 dd® E5515CY $AIME e A& £4971
A Fokh #Age) $AHF olstz M) Wyt HA
FERe] 71£% dA =Hed o] 7|&& 238i7] vig A
o] E5515C9] 44148 S wiz A5z} se 9iv|y
Pe2 o] Auixoz nlmgd weid 9y 7€l
FERo}] 757 oA E5515CHA $&8h 4414
o] YS+E Ao £2 wivjel & ¢ JtH7l

M. e WA ddr]o] oigh
AR A

3.1 LEDSt AR|o)] 2 whAloel

-

w3t

— 561 —



20039 SI=F NSt ZEstsgHs =33 Vol 13, No.1 2003.11.15
45  oHu= PCS(Personal Communication

System) &34 W9(1.75GHz ~ 1.87GHz)& W33
olct. ¢t HA Aol 28.77mmelil & 7.88mm
ol AHARAHo|E=  AnsoftAbe]  HFSS(High
Frequency  Structure  Simulator)$}  SpeagAle]
SEMCAD (Simulation Platform for Electromagnetic
Compatibility Antenna Design Dosimetry)& ©]83}
Ak

1Y 3 (a)ddle WAE eHve) sevEE Jehdd
i, (b)E W3E AHUE 7ol FHE 2gelth

28.77
l s
Z .
I R 73]
— L/ /’// o] .
i
S 5
15.2
(a) (b)

ad 3. WHEE el 2dE.
(a) WEE gevel gy,
(b) ©L7] 71l FEd e

ANAE gy A e FEEe 330 el 8
£3elel LED7} EAsH=t] ©] LED 3|2 A% &
IV wAlEEIE 2AZE uXE 4%S mEsigch
WA QEluE 719l A2 LEDY] - 79 PA#
o] Holo] wa WAlY H|BE A3t o ¥ 49
2ol vl 7k A& HAsAT

29 4 (a)9 case 12 71 e FaE B
o)1, case 2= ¢telYke}l LED7}F A2td 749, case 3&
HAgo] teutel LED Alolell F&E AS, case 4%
A2g HAwe] dolg U Aol 1Y 5o & A%
o] ¥AlAfE S vlmalgrh QeluRt 23 case 19 A
< Swrde] uk} EAE Holxm gloul LED7F Patd
case 28 7% LEDY] g3oz s #Aluiele Uz

(c) (d)
a¥ 4. ZA¢} LEDO| wE vla dA,

(a) Case 1, (b) Case 2,

(c) Case 3, (d) Case 4.

AGPTotal (dB3) at 1800 MHz AGPTolal {dB) al 1800 MHz

’
{

£.29180831

(a) (b)

AGPTolal (4B} al 1800 MHz

{

AGPTotal idt) at 1800 MHz

<t

|
i

[BiRaatin

|5

(c) (d)
2% 5. 33 HAREL

(a) Case 1, (b) Case 2,

(c) Case 3, (d) Case 4.

o] dojidtl Case 39 A¥ HAWS Aoz s
shilslele] daeigel RAES ¢ F e FA e
Zol7l AolA case 4& MIEH FI FHA A

!

Y Holxm gtk ’

32 olF ©Erle gRAelAaE e WAL HH

ol “irlg LHve AAFHE TUrle 7T
He) 2 Ao wet o] W] wEel] ol thE 3
AbE 2 o]5& wlwdly] a3 ¥ 63 o] W3
QJEVFE 97| sl AR F AR Ao|A7HR] 2HA|
21 Jelz Rdyd F AR dye A

(a) (b)
a2y 6. ARHAHE 2y,
(a) A4S el =d3,
(b) sl WAE ddr] AAE 2dE

23 7 ANEAY AT dojd 339 WY
& Yehiz A,

— 562~



20038 =AM XIE S

O
]
1
s

2HI =23

Vol.13, No.1 2003.11.15

a9 7. <Ev WAE adrle] A,

l Aol w27 HEoz Patsde] A¢H 3l
& & F ok

V. <telv Wds der)e] A 53

41 et A W) PAlE 3%
W g wErlel AR F A
= 23¢ AN 39 8 (E 53 WA
£ 42 e vehdck
W) Aola el HEltE AT JuelMel ol
27k 1.87GHzolA o) 0.21dBiZ Uetsth

o
to ya

% o
(b)

r_V{‘.

Amplitude (d8)

Amplitude (d8)

(b)
a9 8 &3 PAIE 2 oS,
() $9 PAE, (b) 58 PAHAE,

42 o/ VWY FHAE 27

2aPE 24e Agilentite) FHFA NP Fu
ES5I5CE AMg8te] @A Fukbaeld SAsdch

a9 o= 2= 330] ASE GLG A& e W
g wdy) AL AAES 958 bl e gw)
otk 27 10€ o] T i wslY w W A
Uepdoh 24 278 w9 ARy Qe Ee U
7] st A ek AR wurlel sl v

& Ao 3A xbelzt YA ol AR EAIZE H
2 &g 2 7 Utk

(a) (b)
a9 9. A= A AHSE 2l
(a) el WGE dir] AAE,
(b) 98%F gelvrt Fae dd7l

——1530.c0
~w LGP M2.co 0
o= LE00.CrOSS. &

|~ LGP M2_cross

—-=L500.c0

- LGP M2_co
- L500_cross
= LGP M2_cross

— 563 —



20038 s=2EMAIES ZEgs=2us =28 Vol.13, No.1 2003.11.15
ol wvlol did ciokd Ui <Hu Rde g
A7 BAZZIY JIFE FE 2 SAR(Specific

(c)
Iy 10. olF ©2v] #Axe] H|E
(a) H H9, (b) E1 H9, (c) E2 HH.

=2

.

V. 2

£ =RoXE PCS tYE HAR AdeE AHE o
T 9vle distd AuEgrt AnsoftAtel HFSS$}
SpeagAte) SEMCADE AH&3td @7l #2€ LED
o} Gl we WA Y WskE dMED WEY <
HUE 33 olF duvle Waldde] #ste] MR
4y gk ©dv] Wil LED 32& AAg] o
g vehhs bR dasy 43S HAEE o8
sted BE  den, FAHe Holg FYEN F
o Aadel sk AR Y] S48 Bl
W3y <eide e@dr] Wi 23 F 5349 gy
58 1.87GHzelA At 0.21dBi2 Yebsith Ed, 7
ARWelA 24E FAZEE o3E dHUE FED
7)ok fAM s B 719 ARY <dEvrt A
gv|e Hlas FeHdAE A 47 Ys
ek £F A4 EEAFAIME dohe EAHE B
1 FEd FIEAS FASHT AAHYD 8

d27lE FAYEHE AHSIA g1t
5° 71ed AHE ARgSHAl g oldE ¥
A9 tHUE AHE ddr)e FARE 334
TRz WHE Aes N7dEn
teite] AR o]52 Yy 29 A
olz9] Txo mwt o W3l 23g I YUtk WA
3 evbs oleidt wist aldl wet AA R A3 W
Yol t2A Heg gEshe AA ARE A] oy
et WY dEvle g AT Wb e ME2E
7IEe] B8 Aoz Aztdt

A

ks

O o Bt (X O
_mrﬂ
&‘0

rle

=

1=

Absorption Rate)?] 3742 1#d ¢telutel] dig A
T o] %Moz Hadt Ao AlgHOh

VI. il

i

3l

e

ARHE, olFZ, AdF, “ded FxRE o8

S IMT-2000 @274 43 Q87198 gy A
A", X785 8F3] 2], vol.l4, no5, pp444-449,
20033 54.

A, WA, Mz, ‘gdr]g 2F ¢gEHY
4 2 S8, 9 FE, 19999 64,

(1]

(2]

AEE, MY, BETF, “IFBA VWIS
e, HARYA G, volld, no2,
pp.68-74, 2003\d 44,

(3]

[4] Kin-Lu Wong, Planar Antennas for Wireless

Communications, Wiley, 2003.

(51 K. Fujimoto, J. R. James, Mobile Antenna

Systems Handbook, Artech House, 2001.

(6] Hiroyuki Arai, Measurement o Mobile

Antenna Systems, Artech House, 2001.

A, A%Y, L, PCS g AHUE
oo #Ag A, JIggw =FF, A

, pp.191-208, 20033 9¥.

& ok of
o off ox

2 d7dse () LG A7 dHY WE3 ad
71 Mg AR Fe dF e wHEUh T
Fodd & A=E oy sx Ads FAH A3t
A=Y & d7E 20039 % JAdEHn mu
A7 IR AYE ol FYPHAAFHH.

B

— 564 —



