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A Study on GSM Handset Structure for Radiation Power
Optimization under Head Phantom
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Abstract

This thesis suggests ways on how to enhance handset radiation power under head phantom condition. Generally,
peak EIRP(Effective Isotropic Radiated Power) is used to measure the radiation performance. TRP is more effective
to represent indication of mobile radiation performance in the field than EIRP. In this case, we measure the TRP as
an index of radiation power. The factors which effect TRP are antenna length, antenna position, folder angle and ground
connection method. More detailed analysis is performed over these items. Significant item is ground connection method
between main PCB and folder GND. Using the FPCB we connect main GND to folder GND through the hinge near
the antenna. The result is that TRP attenuation is decreased about 5 dB under head phantom condition.
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Fig. 1. Comparison between conducted power and TRP.
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Table 1. Calculation of minimum measuring distance.
Lower Upper 5 .
Band Frequency Frequency Ar | Ay R>—2% R>3D | R34, Cristterrlic(:?tm
MHz MHz ) ’
Cellular 824 894 0.36 0.34 0.54 0.90 1.09 1.09
PCS 1,850 1,990 0.16 0.15 1.19 0.90 0.49 1.19
22 34 34 A9
Table 2. Minimum measuring distance.
z n
754 Band [MHz] HAx 4 A R [m] .
Cellular(824~894) 1.09 Folder — ™, , Main PCB
PCS(1,850~1,990) 119 Antenna — g g
T3.5mm 5Omm it

23 A Agds %Z(phase uncertainty limit),
3D(amplitude uncertainty limit), 3 A (reactive near-
field limit) oA 713 2 AR} Aok g, 1=
A FLeX S 53 dojojz, DE EUTY A
A71olth. AY HAEd A= #Ee F7)7} 300
mm AT HEZ DO Zo|E 300 mmE o &}

of Aol g AM G WL ¥ 13 2k 3
A71E0) 7P} AER H4h &F Age 529 7
on TR} AW} 2RAFA AXNA2E L g
2A& ZFolok gt} EUTH A B = 29 o
YA7E A WEA wabg o] 24 U Eo
A AF A9 JRZ FFEHA @A A Hojol
gul, ol &4 AR 2/FE Fol7] Ygolnh

3% <EdelA EUTZHA Y Ag)7t Hojx & 2
o H& 4 Al BRPolok 817, A NAH
< Thetast Phi P2 AFAAZ Y 5 Y&
Folojok gk AA AAHY EEFel 327}
FHHAL FLA Aozt Hojok AT £ A&
HolHE SFEE 4 082 A HAEE 3o
AHEE o} ok

0. S| 223 9 TRP 53

Full-wave simulatorE o] &38}e] 2o A¥L 3=
g M AA gy TZE A gty
43 L mesh7} UE Bo] Uz &

27 72 27 U7 AEH B AY FYA) YT

40mm

J8 2 29 ¥4 vy 2d
Fig. 2. Cellular phone model for simulation.

AlZbol A8 EEZ T9 29} 7o) 7+ H

F2E MG
HerE | g2l 22
= &0 F9E 3 A9 FAAE EH 2 ¢
714 93 RF 327} Qe W3z
o Ay =2 FA s

W3 29 LCDE #7142 2 A= FPCBE
EAE TENY JEHY FELS 203107 AE3)
YA FERoH, 4 TAES B9 AY A7}
< A3y Y8 5 PECE Rtk

AY Fore 7 48 GSM850 band 2] 54
299 835 MHzo) thabed 24 27+t A 2 Ao
A9 TRPE 29 233,

2 & LCD} A7} 9l
HE L
FEE 8

I. 7toIxt M, 2o 48, £ 2

2ol 4y a 53¢ 18] TRPS 92 2 2
02 s AAE E 33} Zo] HAHIL FIM(Fi

691



BEBUKB SR H10% B3 007575

@ A 32 22
(a) Free space condition

220mm

=+ Band Er S/m
835MHz 48 0.7
1900MHz 41 1.7

(b) A¢ =4
(b) Phantom condition
13 3. 59 AYN A TP BY 23
Fig. 3. Simulation conditions of free space and phan-
tom,

nite Integral Method) 7)%t9) full wave A]Ed)ojEE
AdE g

Yty o @19 77 & A FY o)
e RE0l FL2 A7 1o Q7] Wi gy
8 2719 EUZde JRIAE JARSH, gEu
AA F FHLE oFde AL UdHve} FE #
Y7k Agg HE € + e JFAA 29007
ol ZHIAE HFeg)

T3, U BF A 2A #AN e ¢
gy Zojg #Ql PCBS} EriFe /)Y 97 S
37 FPCBE d72 Wy E 7IIAR AAsAth
F AAZ ddgts 24 A¥ AFrH 1 dB o)
a7 Qg Aol 8L FE AAE EFER

692

# 3 7Hd3 7RrIA
Table 3. Hypotheses and conditions.
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Fig. 4. Folder length variation.
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Table 4. Results of folder length variation.
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Fig. 5. Folder case width variation,
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Table 5. Results of folder case width variation.
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Table 6. Results of main PCB length variation,
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Table 7. Results of main PCB area variation.
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Fig. 8. Antenna position variation.
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Table 8. Results of antenna position variation.
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Table 9. Results of antenna length variation.
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Table 10. Results of folder angle variation.
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Fig. 11. FPCB connection.
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Table 11. Results of FPCB connection.

HAA MRS

2 48] &% |29 48 &4

23 z4 | A% | 2% | 2% | 23

[dBm] | [dBm] | [dBm] | [dBm]

A5 27 305 292 29 293

1] 218 20.7 26.6 25.8

;E 94° 3:]} 8.7 85 | 24 3.5
Ae A7 2 5 9loH, 48 A WA Ax
AHr 372 WE ) TRP 73 2olzt B 11534 Zo)
5 dB7} 7ol EE & 4 o, AF7A Y W3t
24 F M 9F%e Bol FE 249Y2 ¢+ 3o

V. TRP &3 23t 24

JY 128 A3 2H 9y ZAA TRP 747}
Zolzl= A= FPCB 944 4, Z4 45, ¢t

@ 97

rJ

O Free®} SAMS] &}0|

10.0 -

[dB]

B § 1S 015 ol ol 5 |oif o) 5 |obei| Lt |obE Lt
2ol |Folt | Zol# | slol# |#ixlol [ZoiH) 1 | &5}
ol B5 |84 [85]91 |78 [74[75]701]35
B Alg

2]

jaFt]

Fres%} SAMS|

8 12, 7 24 WA TRP #o] 23 vy
Fig. 12. TRP comparison of each component varia-
tion,

2.5
2
1.5 4 @
= ] A BFree
2 1 | (mSAM
i |
0.5 M|
0 i8R : N R oy
) Ko Fo o FRo re W U T
"o ) B OBY B/Y I B4 W B
Mo oo omss oy
WUOTTA RU TR BF N8 2k
P R e = L <R
oy o8& b g
R - T B

a8 13 7 24 WH3A) VSWR 23 vlw
Fig. 13. Comparisons of VSWR.

U A, gEiv ol £28 g3yt 3 1 99
02 2% W7t vied A& ¢ F Aok 19

S84 WAA el VSWRE A 374
4 AY 2794 23 Aoiw, gLy H4st
WY 2AoA VSWRo] & A& & 4 gloy,
FPCB 7t @72 ARolM} 2ol A4 3203 9
2701 M 9] VSWRo] Apojgtel) ul#ste] TRP 74}
7 FMEAE @yt wEA 7 2deA Y Vs-
WR zpo] 32 TRPS} 43 FA7F e R ¢ &
AT

1.8 B

695



SEBUAPERES H108 B75% W0IFTH

A fAEE @ QU R He iS58 )
Adle A7} A7) Eoltt. d g EW 599G 9

Z} 37)8 7137 helical, meander line, slot 5 <12 &
eo] B Z QrelLtQ 7 field patterno] ¢Hel|Lto]
BBt 427 244 7178 729 HA A
d @l o wstA g

AE A3, A9 A5 M Y TRP 24 & Zo]
o ¥ F P 359 whEe vQ PCBY 21
€ A28} = FPCBY 94 WS wHsle Ao
o @A EU¥ 9 ELS dEus} v ke
E FPCB7} A= #22 fARIEY 9oy, o
£ otely feeding points] FPCB7} 28 o] 7 A
A olgigol o7l WEoich A A% A}t &
2= B71AHQ FPCBE 9% A%, Ay AN
o] TRP 747} 5 dB A= /MAH Y, o|= FPCB2)
Zolo] thet #ske A §ilen, FPCBY Zo] Y
&3 FE ZSEG 15 dB HE AY 2
o] ) #Fo] Atk FPCBE 44 £1]9 349
W7ol whek FPCBE) Zo] X EE g YA
Aok st

97 F2 9ol WY ZAGNA S TRP 74 dl
L UIAE L2EE EHIV 73 PAM 54
of glow, <tk Aol ¢ ofF sl gte|ut
o YE2T & W) @A) s)of 37 PAM B4
8] 73% load Ymid2e] Wslel tidt Y9 w3l

19963 29: FYoetn A
& (T8

20063 2€: QAU AnEA
AF (FEHAY

19979 19~8A: LGAR} Yy
T4 HYArd

[F 2 EOf otel} I mlo]m R

g g &, EMIEMC

696

7t A& PAME ALg-3lof 93 W3lo) tid &9
g 5 29 & U& Aotk

B srdAe ©2718 72 F 9Y 2494
9 TRP ZHHE A% 78 AAEE AE3
ATt FFol o] AAEY e FA4 24
W 2, 3-8A] SARY} hand effecte] t) gt o
ME 937t AP s oA ok it

s

#1823

[1] A Test Plan for Mobile Station OTA Performance
Revision_2.0.

[2] Sten N. Hornsleth, Jorgen Bach Andersen, "Effects
on portable antennas of the presence of a person”,
IEEE Transaction on Antennas and Propagation,
vol. 41, no. 6, Jun. 1993,

[3] Michal Okoniewski, Maria A. Stuchly, "A study of
the handset antenna and human body interaction",
IEEE Transaction Microwave Theory and Techni-
ques, vol. 44, no. 10, Oct, 1996,

[4] Warren L. Stutzman, Antenna Theory and Design,
(1974).

(5] Speag Company "Application note: recipes for brain
tissue simulating liquids", Shmidt & Partner Engi-

neering AG Application Note, Switzerland, Mar.
1999.

2000 24 AT AZAR
T (FEAD

20029 24 AATEZ A7)ER
T (ZEHAD

20023 29~ QARG A
71 A A28 vl A

[F BAEOH e B sjoja R
g 32, EMIEMC



GSM 27194 F5 A" zdste] WAt 18 J43E A&

19874: AT WAE T (2
L)

19893 AA g Az} (F
gHA)

199613 2¢: University of Michigan
A7)RAZ 8 (B

19978 19~1998d 109: Univer-

sity of Michigan (Research Fellow)

1998+ 119 ~1999d 29: Qualcomm Inc. Senior Engineer

19993 39~2000 29: FFA%r¢d 2LF

200013 3¥~EA: AR A/HAF eI FuF
F HAE0H vlojaz g 4ak ¥ e, 2750 A
Al 2d", AR 87 (EMVEMC), s=x]8 4], RF MEMS 4
A, WE HAFE

) 08

697



