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A F 19 th (extremely low frequency, ELF)ol A &AA3A Jetvy, =4
o FFHE dAxge] AHE Fupao] vlEste] Feotal, 1 thE-E o
A oUARZ Wststrg A 3 FFE FHFUt sEFE 49
H7F AASA Ho] oF 100 Mk o]ge] =W AAd FHFELS A
Faowt 7]t B 4 ub 23F3 (microwave)= ©F 300 ME ~
300 (o] FuarE 7HA= Aol nE HZde a0 dAve] o
3 ¢olAle] MPE g AA 249 E4dd oz Uehfs Aol ¢k
olty, 53] A= 1 keWe dAF F54dH-E& SAR (specific absorption
rate)= YWEFWAL, 1 g B2 10 g¢] AAxZ o dAlel] tigh HA=
A3t MPE #to= AAstar ok 2 &2zl ANSI/IEEE C9%.1 -
1992¢] ZaF3 kA Z|Eel e dAs oyA|e A7 =52 ¢
g R Al
T2 A =EE
environments) ¥ 72} o]
= Ae EEAAY =%5 49" 5 ogls
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kes el @& A & o &5 wEe] Aes 10 g Wit SAR
_‘7:4

_E
X
=
rO
—_>il‘4
)
tr
e
T

44 = i =
317178 o | 7] wiitel, EAVE Hi= A TR A AA 245 2
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A 2 & FDTD %9 A7
Al 1 A Yee A

FDTD W2 vEFee] Maxwell 42
9 (finite difference method, FDM)-& 4§ &}
Holth, FDTD #1966 Kane Yeeol| 93 A
Aot AA S MY & AT 9 T3 FelA A=

FUEE AEY-S o] Maxwell W29 viE3} A8 JHgE EAH
o

rE
i)
_|>i
=
il
2

t} [12]. FDTD "™ Mur, Berenger, Taflove, Umashanker % %
olZ7F=cl oell A nekd 5 Y e AA ZAE sk A
H(full wave)sli A4} ¥R o= de] ARS8 glvh [13].

A7) Ardely A7) Aol EAA &L, AAY AA S <Y
AE F5Y F de Wdo] v EAsts w3t diste] nEF

2 Ef
AFd o] AT 9 Maxwell 4248 oo 2ol 28T + AUt
Faraday $3 :

= —vxE—-], 2.0

0
S [ Bas=—fE-ai—[[1.-5 2.2)

0B
t

Ampere W3 :

oD B
S = VX H— ], (2.3)
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A%ILD%ﬁzéﬂnﬁ_fLL.g (2.4)

AA ] 3k Gauss HEH

v - D=0 (2.5)
fﬁD-ﬁzO (2.6)

AFA O 3k Gauss H3Z

v - B=0 (2.7)
%ﬁB-ﬁzo (2.8)

o714 E T HAAlelectric field), D& A% Hx(electric flux
density), H i= AAl(magnetic field), B+ A& " X(magnetic flux
density)E Ueba, J, & A7) A% A F(electric conduction current),

J, = A7 A% HF(magnetic conduction current)E eI ¥

$ w9 #4 MER s Ao "ol o= /& w9 WA

AdAd, sWAde EAES zZta, S B 54 (frequency

dispersive)s zt#] &= w2 g e Ao E,D,H, B2 #A+=

= o
Ut o] EdETh
B=uH (2.9)
D=cE (2.10)
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g 5o Al ARSI FAste] do] BT £ AdEs AF, @7
=2 (electric loss)? A7) €4 (magnetic loss)< TF

3 o] 7 A
Z Yelgo] A9e 4
J,=c H (2.11)
J.=oE

(2.12)
A7 g9 ¢ =

= AR E Yedith
o] 2 (2.1)A 2 QIR E vEF e Maxwell®] curl #A
2ol tjYgstd oS- 2o

72t A7) Amme} A7)

oH _ 1 i

vxE—H
1z 1z

ot (2.13)
oE 1 e
T 8v><H eE

(2.14)

olAl 9 4 (213)9F A (2.14)¢] ¥ A
FAZ YEhE vt 2k

st x, v, z 329

agy _ % ( aa% _ %_i _ G*Hy) (2.16)
agz % ( Gggx _ % g Hz) (2.17)
aaEtx _ % ( agz _ a(gy GEX) (2.18)
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OE 0H. 0H,

aty 2%( 2 ox —GEy) (2.19)
JE, 0H, oH,

= =%( e GEZ) (2.20)

718k 6 e A3t HAvuE WA o] dukEQl 3k el s
A HEAE S 9 F €@t} Yeed FDTD
2 9 2-13 o] Yee A UF-2o AAL} AL A7 7+ ¥lH

=] o= b ofu g}, F A

o,
(25) ~ (28)9] Gauss H2AS UAFoz W3 & JEE Hof 9

r
o
=
C
;%
o
ok
oz -
o
N
P
N

ol

=]

=]
)=
RL

O

curl 4ks 8k 4= 9l

£ ox

Z
Ez(i,j,k) i 6 Ez(i,j+1,k)
Hx(i,j,k)
A A
Hy(i,j,k) /
q A y
/y . >
Bk
A Exijk ¥ gt Ex(i,j+1,k)
" Ha(ij.k)
ol /

X/ Ey(i+1,j,K)

% 2-1 Yee A9 %

O

o
ro
2
ol
2
i)

19661 Kane Yee’} 233 FDTD WHe dads



e 7

S

==
&

At A

o}
s

=0
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FA 3L, Maxwell 9]
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T3 Bt

A7Mel H A

-

= Maxwell

4719 E
A AA, Yeee] FDTD

(divergence free) F74-S

T
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1.
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-
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A
7} Ampere W
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— 32 —

%1711

shat, Hel 9)
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=

=
Aol AREE A5 gk

Lo] i
AA7L AA S} AA

gltt.

eh

- o] %3 Faraday
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#an gl

A9 2] 2154 2 2200714 &
of A, oz AgEH 7|5} AR EX
I 2k AIZF GG ndh3 33 94Y

D A H AAE v Ze] #dE  dvh

(1,7, k)= (idx,jdy, k4z) (2.21)
uidx, jdy, kdz, id) = ul}; , (2.22)

A7NA wi DAY AAE edR@ty o] AA 9 AAe
A7 ol WEAE F4 AEWE Aeshe] tErlY thest 2k,

lo
of
=
o2
18
i)

(g uy= s s | o (g (2.23)
ntlf2 o m— 1/
0L (ke m) = Wis Ax”'l’f’k +0[(4p%] (2.24)

el 2 @22DA A R2O7HAE A (2154 A (2200744 9]
Maxwell WA 2o #-83te] Aejstd tha3 2ok

m=MEDIA[H,.(i,7, k)]
H)' TV =D(m)H)" 4+

Dy(m) (E7; 1= ENi e 1ot EAL e EA7 i 12,0

(2.25)
m=MEDIA[H, (%, 7, k)]
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1/2 1/2
HylZ;r,k/ =D (WL)H“Z k/

Db(m) (Ezl ?Jr 1/2,4, Ezl ?f 1/2,j,k+ Exl zj,kfl/z - Exl Zj,kJr 1/2)
(2.26)
m=MEDIA[H, (4,7, k)]
H)' Y =D(m)H)" 4+

Dy(m) (E7 12,0 — BT o1 et Bl v o= Esl i, 0)
(2.27)
m=MEDIA[E, (1,7, k)]
Ell L =CAmE]!; +

+1/2 +1/2 +1/2 +1/2
Cb(m) (Hzlzwr/l/Z,k_Hz'ijl/Z,k—l_Hyle,k*l/Z H |n k+1/2)

(2.28)
m=MEDIALE, (i, j, k)]
Ey ?jlle = Ca(m)Ey|Zj,k+
Colm) (H N} e — HA I e+ HAPE o — HALE D
(2.29)

m=MEDIALE, (i, }, b)]
Elijp = CAmELL, ,+

+1/2 +1/2 +1/2 +1/2
Cb(m) (Hyl?Jrl//Z,j,k_Hyl ?*I/Z,j,k—l_Hx'Z/‘*l/Z,k_Hxln/Jrl/Z k)

(2.30)

o 7] A,
C.(m)= (2—%)/(1+%) (2.31)
Co(m) = ( eif’id )/ (1+%> (2.32)
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D, (m) = (2—62f’kd”‘)/(1+dz“dt) (2.33)

2Lk 2Li
_ (4t 03,.44¢
Dy(m) (m,j,kd)/(H Zﬂz’,j,k) (2.34)
Adx=Ady=Adz=4 (2.35)

gle] 4 (225) ~ 30014 m Ze wRe] Aol wel G po
2A, Axbstarar sk AAIGE AAY 9ol dlF sk v dol dAR
Ca’cb’Da’Db %k% &E% }—xé% %}O]T;]—

el A (225 ~ (23005 4 (22), 4 249 Aol EAsHA o=
¢l Faraday W22 Ampere 2ol 283l 7|4kslH, Yee W]
Faraday W# % Ampere W& WAl4oz wr5ehs & 5 v &3
Q] =

= T

AolAl AFe niel o] Gauss HAE Aoz WIS W
J=dl, vhet 2ol Gauss W WA vZYHE o] gt THT

T i

0 A 0
o7 SESEY% . D-ds = €W(Ex| s — Ed i1 e e e ) dydz
0
+ €W(Ey| i—1/2,j+ 1, k+1/2 _Ey| i—l/2,;‘,k+1/2)4’x4’2

0
+ €57 (Ed i1 emec1—Ed o1 1y, 0 dxdy

(2.36)

o] 2 (2.36)2] $Hel A vE FHHE 24 (218) ~ (2.200°] o
olsl the Zz7He vEES EWHoz FAstd A o] AAEo 2
(2.36)9] gke] 0o] Hrh wekbA v&3 Zo] WAL AAC ko
Gauss 3= UAgdoz wgo] AdsdAY. IHEZ Yee WH
il

=]
dol At &= dGolA FDTD A el dAS} AA A4

L
o

=

[
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ASA ghethe AL BAT 5 YT, FE3} ol o) AzkelA A

3l (spurious solution)& 24 #¥&& ¢ 4 ST}

Sgﬁfee ceZZD(t) F 5= SESEYee ceZZD(t: 0) - s=0 (2.37)

Al 2 A Yee Ao StAA

718 2 (2.25) ~ (2350 &€ FDTD g o83kl dAtat
BAE A8 A, Ay, dy,dz,2) AN Ate] A7) gd Hee
AL A & ATfel tisk ZAZF WS dx, dy, dz 9} At o] A7)
= A ALY P E(stability) o} e E Y dnbHow dx, dy, dz ¢
271e AxbstaA ske dxse] Haage] 1/10 ~ 1/20 A== g
Tk wbef, Hampol o] YAbte] Faba AdER o] H e AAH &

e ALol= dx, Ay, dz 2 A7E AAERA = AAEe] FHgkw
Aol 1/10 A=7F = A &3, 1/4 olgte] aFa v JRe ~HEY
of AA Axlel & FA e Fe #WHo] HEE Yo £x4
H] o+ A A (numerical instability)-S- 3 &loF dtu}h. o 7|4 £22 v e-g A
ofgh AHERE o] &S ALL At A3k xde] wEl Agd WHeE
Holu} FAZo T =718 e AdS wak

T2 kAl d 43 o]di= Caurant, Friedrich, Levy

(CFL)¥ von Neumannel| ¢J& o]n] =z &g HFHS o] &3lo] 3t}
[14]. o] W I35 A2 A7F g3} F7F JH9e] niE S A2 F

off ] AA} AA AHAEL Fourer 55 A/M= ERY F
co] AxIrE ARoA deje] wakoew s vzivhal B 4tk

- =
oje} Z& WHOo R AQAEE AL WHLS von Neumann©| # 82
=



AL AXLS 87 e, WMA TM 2= A4S o2 Eo] ALt
S 3B AL T™M of g FDTD Z3AAS vh&3 Zo] yed + gl
t}.
At o Ay '
|n+1/2 |n 1/2 Ezl?Jrl/z’j_Ezl?fl/g,]‘ (239)
At ,a Ax '
n+1 n+1/2 n+1/2 n+l1/2 n+1/2
E —EJ|;; it — Hl e HA e — HA L
At c Ax Ay
(2.40)

A 24 (238) ~ (240)9] B eigenmode’t A4 HeolH Fi&
e vzivha pAgE 9}‘:}.
Ao eigenvalue HE &= A7 2 2

#3 E 2 9] eigenvalue W e vluste] 2A=E £ 9t ¢

_?ﬁ
(o3
0,
2
)
>
g o
[m
)

s
¢
[o

A A ZF AE giste] hdE RE9] eigenvalueE thSd o] AR
+ 9

|n+1/2 |n 1/2

T, =AH]i,j (2.41)
|n+1/2 |n 1/2

T =AH)}; (2.42)

EJ'TT—E)7, nt1/2
i =AFE | (2.43)

99 A 241 ~ 24914 dele] AAAE Ve shd, gk
AR ME RS Thest 2ol UEhd & v
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Vln+1/2 Vln 1/2
At

=AWV}, (2.44)

el 2 (244)1 4 F7HA S (growth factor) q; ;5 U3k o] A
o)sto] 2 (244)o] Whdste] Aestd vh&3 2t

mn+l/2 14]
- 2 i (2.45)
h r VI 1/2
a;,; _A(th]/QZ ]) :Am?] (246)

el A (245 = A (246)°14 von Neumann ®Hel ¢]std <l
o] REJF IARE whEstE W ALbete RE ZAA RE R o
3ol g, ;1<10] Hojo F} o] AL WEIEE eigenvalueE AA

shul g 2,

2

Gy SIm(h=7; (2.47)
Uheoz 4 (238) ~ (24009 F¥&o] thato] 3k g Aol
Ul 3t eigenvalue A E ZW &y 2u)
- /11( = i’j_jfl e )ZAHxI i (2.48)
%( EZlM/Z’jA_xEZ| — ):AHyW (2.49)
%( Hy|z'+1/2,;;xHy|z1/2,;‘ _ HJ z,;‘+1/22ny| i 1/2 ):AE,J (250
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Qoo AL 28 ol A ARSIA e 99 el EAFE A
Aol AA} &A= 7,7 AA =9 hdk Fourier W

e Foz el gk oAE 249 FI-Fg swE
(spatial-frequency spectrum

SEne £A4 GEuEE g 2l JHd 4+

o
flo
Y
>
o
o,
iz}
=)
@
0
(¢}
-
8
Q
&
i)
=]
)
v

Ezl L= Ezoe J, Ix+ ko, JAv) (251)
H |] = one J, Ix+ ko, JAv) (252)
Hyl 1= Hyoe Fy I+ ko, JAY) (253)

A9 2 (251) ~ (253)& 2 (248) ~ (2.50)° olgle] Al4ksld
dele] kol tiste] eigenvalue A+ v 22 WS 7HA A €

Re(N)=10

I I I
—ZC\/ st _Im(/l)<2«:\/ Oty 250

AN e BEE oua). qlele] T wEJl HAHEE WE

Hu, 1o 4 @AndlA el A ARel el AAE dAw

cigenvalue®] W& el 2] (254)¢ e 3k RETF Hds] 2EHY
% 3o, vt Ze] WA FDTD FA ALt k| Wels A& F
ar, o] AL 7+l A Caurant oA Fdolghar 3o},

1

A< T 7 (2.55)
CV (40 T (4

olE 3AY A= Fuste] ALted vhast Z2A "k
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A< 1 11 - (2.56)
CV 10 T w4

A 3 A dAA/Aas AW

A A /2 g 9k (total-field/scattered—field) <9 FH-& 1982\ 5-¢
AZE A=, AFdar AXA AEl(steady state) Z QAN A S 34
F71 98t AA S Rk dASIHA AR E AT o]

¥ A
Maxwell Wg2e] HPdoz Qate] dAet AAE ofefet 2ol ¢

1o

Ol

gomyy s,

Region 1:
Interacting Total Fields
Structure £
| Region 2:
. Scattered Fields
Connecting
Surfaceand >
Plane Wave . _
Source <— Lattice Truncation

(a)
<——Region Z%Region 1: Total E, and H, fields aff Region2 —>

E

Eisct Euot Eg = = 2 scat

ottt ottt

iLi-l i iLi+1 i1 1 iQ+1

iL-§1/2 iL+§1/2 iR-§1/2 i 412
(b)

1Y 2-2 AA /bt A
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(2.57)

Ez—l_ Escat

Etot:

(2.58)

Hz—l_ Hscat

Htot:

UER 3, ZE FDTD ZAA ol A )

=
=

1714 EzSt Hy= A

o2 ==
BA

BN
T

ok
=

b= #tolH, mle

o &

HA 24

3|

et = Boz ALk F

& 2% 2-2 (a)9k 2ol

8

EE

taL,

S

=
=

#

tel FDTD =7

0§

o] & 3to]

KeN
=

A (connection condition)

Nd

i

b

Fesko] AL

=
=

)

I5t/2k @t oo w Axis)

A

o] s} 7ol

Bl
P

il

ojy

Ho

WMo g ] 18 2-2 (a)2] AAMAA Region 19 W= <]

QA4 5 gk,

Apsikg

0]
H

A

- Region 1° A%

ojy

—_
o
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Abds Gt AAT Gl Aks dFE xS o] &3ste] AEA
71, 28" 2-2 (09 14 A5 2 5o AH

Region 1 AAIZ dAE o]l Region 2= Abghs
ool FA FAL i H kol Frh o7IA o] AA ddEs AAR

Hy ol oo 2405 24 A8 23 E, 0, 4% 4 478

y,

it Ao gy o maw.

Ez, tot z':rl - m (Hy L‘ofl z:rJg{%Z — Hy, L‘orl z:ll{Z/Z) (259)
Hy, scat | %j}{Z/Z = #fdtx (Ez scatl nz'L - Ez, sca ?L* 1) (260)
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9ol 2 (259 2 2 (2600904 H, ool E, qul® e 28 2-2
(el A & 4 Aol At FGe] wmee] Adse] A= Fol oy
ohowhelA] thes ol YA E T AN AA DA A x

Ag WEAZ

+1_ At +1/2 +1/2 +1/2
EZ,l‘Ol‘ niL - e Ax (Hy,tofl ;Z'LJrl/Z_Hy,scatl ;Z'Lfl/Z_Hy,ilniLfl/Z) (261)
O

Hy, scat | %j}{Z/Z = #fdtx (Ez to ;Z'L - Ez, sca nz'Lfl — Ez,i ?L) (262)

A4 A A T

i3] o] &% F A YAHE Gaussian H A5}
PAbE o] &3 & WHe] ALtew
T e 7] wEolv ALt aat

Zr= Gaussian @ A9E AAZ] &

TE e Fe $HEe @7 9% 2ol ol 850

M Fref ol gk 1A F5F-o F&FS ARlshy] $3 ZAolm= 850 My

b 2t
vi(p=| 37 smCp) . BT (2.63)
sin(%) , t>3T

AE A4 Qe widol AN overshoot’t B71mE
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steady state’} 2 w72 ARQlske] A7) E AJA 3] FTHAIZIE 2 (2.63)
I e o g SAEE T3t olE YEehWE ¥ 2-33 2
Arkstaial she o] SAEAY AFEd Aol E AL
SAIRE whofe] ARyl FaE & glE wiEe] EAE ¢
ol Axre] wge 1/V epol HlEsA wo] FasA @At wEw
10719 A= Axkek ¢, A =77} 3mmelal ¢ 9]
7bd 2 gkel oF goolEbal & A%, 1.2 Wk A #e ANE
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Antenna Pattern (E-plane, 850MHz, Hand-Phone only)

(a) E-plane

Antenna Pattern (H-plane, 850MHz, Hand-Phone only)
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E-field Distribution (Transversal, 850MHz, No Tilting)
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Antenna Pattern (E-plane, 850MHz, No Tilting)
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1 Voxel SAR (Frontal, 850MHz, No Tilting)
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E-field Distribution (Frontal, 850MHz, Tilted by 70deg.)
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1 Voxel SAR (Frontal, 850MHz, Tilted by 70deg.)
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1g Avg. SAR (Frontal, 850MHz, Tilted by 70deg.)
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E-field Distribution (Frontal, 850MHz, Tilted by 70deg.&10deg.)
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Antenna Pattern (E-plane, 850MHz, Tilted by 70°)
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1 Voxel SAR (Frontal, 850MHz, Tilted by 70deg.&10deg.)
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1g Avg. SAR (Frontal, 850MHz, Tilted by 70deg.&10deg.)
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Antenna Pattern (E-plane, 1.8GHz, Hand-Phone only)
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(a) E-plane

Antenna Pattern (H-plane, 1.8GHz, Hand-Phone only)
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E-field Distribution (Frontal, 1.8GHz, No Tilting)
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Antenna Pattern (E-plane, 1.8GHz, No Tilting)
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Antenna Pattern (H-plane, 1.8GHz, No Tilting)
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1 Voxel SAR (Frontal, 1.8GHz, No Tilting)
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1g Avg. SAR (Frontal, 1.8GHz, No Tilting)
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E-field Distribution (Frontal, 1.8GHz, Tilted by 70deg.)
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E-field Distribution (Transversal, 1.8GHz, Tilted by 70deg.)
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Antenna Pattern (E-plane, 850MHz, Tilted by 70°)
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1 Voxel SAR (Frontal, 1.8GHz, Tilted by 70deg.)
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1g Avg. SAR (Frontal, 1.8GHz, Tilted by 70deg.)
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E-field Distribution (Frontal, 1.8GHz, Tilted by 70deg.&10deg.)
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Antenna Pattern (E-plane, 850MHz, Tilted by 70° & 10°)
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1 Voxel SAR (Frontal, 1.8GHz, Tilte

d by 70deg.&10deg.)
1 1

| | | |
140 [
120 4 L
-20
-6.0
100 4 r -100
-14.0
-18.0
0 - L
-22.0
-26.0
0 - L -30.0
-34.0
-38.0
o+ B -42.0
-46.0
-50.0
0+ L
o T T T T T T
0 i) L) 0 0 100 120
(a) ¢te Y2 IS ¥3Hs}= frontal plane
1 Voxel SAR (Transversal, 1.8GHz, Tilted by 70deg.&10deg.)
| | | | | |
120 o L
10 4 L %0
90
-130
8o L
170
210
(] = 250
290
330
04 L
310
410
0~ I 450
o T T T T T T
0 2 L ] 8 100 120
(b) <HeIL}e] S ¥33}= transverse plane

- 102 -



1g Avg. SAR (Frontal, 1.8GHz, Tilted by 70deg.&10deg.)
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E-field Distribution (Frontal, 2.0GHz, No Tilting)
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E-field Distribution (Transversal, 2.0GHz, No Tilting)
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1 Voxel SAR (Frontal, 2.0GHz, No Tilting)
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1g Avg. SAR (Frontal, 2.0GHz, No Tilting)
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E-field Distribution (Frontal, 2.0GHz, Tilted by 70deg.)
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1 Voxel SAR (Frontal, 2.0GHz, Tilted by 70deg.)
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1 Voxel SAR (Frontal, 2.0GHz, Tilted by 70deg.)
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E-field Distribution (Frontal, 2.0GHz, Tilted by 70deg.&10deg.)
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1g Avg. SAR (Frontal, 2.0GHz, Tilted by 70deg.&10deg.)
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AHREE FA Aade 22 AFe] WY AAZEHE, vH Z2H
Aol A2 EZRHE Aol ZA3}E =T AFHE TAE

.
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rir
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[\l
Sy
o
S
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8
2
N
!
ed

o] 71714 t}o] & gapel|l tholo= AlA7F F2H Zo] 15-25mm¢el 371
o] &% tho]EE AMEETE thol & thele=E FAE HAAVE 9
Are Aol HAe WES FE 7|H(substrate)o] EFI FAEEo] Q)
TEH UE §F% F2 ARE FEH|d 9 AEvF FFHE 3 EMI
2| =Ad AAdE o] AFE JdZEY dA Z2HE ) AlaH

AA el o5 SARZAC] gle] FulEe #& 99X Wb A
aatel] of& Wz TR ooux FEgdl orlA &y wis xod
oh FUlES Holsly] 913 m28E AF 927 9] wie] SAR A
Aol diek RF A4S sadslize ojggel gk Ao B2 AY
AU S T dwv)e) X g AgATh FulE] Adel B
AMEEE QAR V78 e FREde] Agd Y79 £87] Fodel
A== Gk

2. SAR =74 A" +A

TR FUES AAvel wFHE A9 AAde FE Pohs

E-fieldE& 2R3 o=z Hrisly, AAZ o8 =2AsE= AL 2asly] o
ol QA=A FLd3 =279 Qe zka 54 FigolA x4 9
s, 2HE 1V FY8 QA WES vhso] oo AAEE XA}
St S Badh A 2gE vEd Zo] AT

- e A ZrH

- HolE #3 A=A

- SIA 249 E4& ZH= Phantom
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- 23 A
- FUE 2 A
- A 7(P.C.)

Z=ukA AA ZEH (Isotropic E-field Probe)

@

AA el AAT Free FASY] A meEE goo 2ag W
Z5fojof G},
- High sensitivity and linear response over a broad frequency
range
- High spatial resolution
- Isotropy in different media

- Low interaction with the measured field

- Small size

9ol EAS w3 probeZ short dipoleE ©] €3+ E-probe’} &
o] o]&x i §lt}. Short dipoles ©|&3 E-probew™ 1% 259} o]
short dipole antenna®} diode Z1¥]3. high impedance transmission line
o T, ZAze] EAL Awud they 2rh B4 el

o,
el wls] Aeol7b & o= <SrElvk(short dipole antenna)= 1 573

of WliA Fste] st el AWl =7) wEe] FAF A
AE AgAet= Fol Hob NEY ARl FF& FA vk
ga 924 Axste] Avpdeel Gee WA dow, 2gely P
=28 Y. o bEY gapdl 2l Holosi Qe F1 g
of GAshE At AF Y AFe] wHtE DCARE A
o &E7] dolosis & YRATH He YHEF WEel nFn 5
Aol Hojuba PRl Fom e Fg B4 D nFEts 4
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p=sor ~ 900J

18 6-5 SAR 4§ ZRH AP

ZzHA ZAE vkd A5 E PCAA dddkE AAZ 29 6-6
3 Zo] AlE £Z7| high impedance cable (or optical fiber), A/D ¥
$}7] 1¥]al PC interface card, &3 B4 AA 2 7|4 9 AAE 2

=3

SO FAHY Yutdor Z2HE e A4S VA=

@A =z 5O
AEMa Y oo 5 ~ 8MQ A% ¥ A2 ATS 7Y, o
A, FHe] o]zl o)F s A3t AlACk 3, Aol F2 Al
T FE7)E AR Fo] 22H EAS FEE d A e
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Diode for RF

detection
8mm: T% E/O Display
—7 converter . . lanit
‘k \ Plastic optical
fiber
Element  Hjgh-resistance
wire
Detected Data
signal processor ...
(DC level) — ..
—»{Amp |_A/D Averaging| |
converter| i
4ezsvesessezzesaneznns i E
i Calibration|_|Calculation of] |
il data electric field |: Data output
A A | ! (optical signal)

i [ Generation JE/O
Battery i | of data for L* converter|
i | transmission | ;

.

Z1¥] 6-6 Data acquisition system 7-d%
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5. X2 H WA (Probe Calibration)

AATE FA437] $1%F E-probe Al2=¥l9] AT E 0]
= 7] FelA E=E u volrt njrAe] wjA oA HHE 1A o
(o]

AolA M Tad A

i)
ro
_O|L
o
rO
=,
D
o
e

2715 i F kA wdel vk A A, TEM celle A3 oy
b 9]R Ao m HAE AL WX i Ar|Foz By 93k

Z0g ANF 0@ AFHoR FAT AR, 4714 £4 otey =
288 nA s Aol sd AAY AAE AL & A Ao,
500 ASAe BE SHA0] AAFUA AANE ALHY 5+ YRF

[}

]

AAkEofel @l TEM cell Y¥olA AAE Adse Xd

)
rlo

_\7\_1‘

= — (6.3)

o714, Vv Wi A oA i A5 A9, amE 1E
6-7014 BolA = AAE HF AEAA oA Abole] A, P cell W
W

3o Ao, 223, Z: celle] B4 Qw0 A% golr,
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9 2w 9

A

y
y
A

2q

2p
18] 6-7 TEM cell®] 9=

TEM cell®] W5 AFHMe] FHFoRE Aztd A9 L Ao 54 <

’
5

-1

3 g 2 L Xg yy_ _de
1 {[ ﬂln(smh 9% )] 80} (6.4)

2

Z

Q

o] 71X, p,q, g LY 674 HoIA L, dc/ e AEAT} 9y
7hAbe]l &3 (fringing effect) ]3] EAE AM|AE A Aiolth. TEM
celle] ] Fu5E thg EEo] I o3 AdA] 3ol oA W
A 712 229 TEM ZE=]A TEM celle] dA & AAE 24
el dojA WAstE S49 F8AAdE EF +0.5dBS WS 712
ol wEbA TEM cell- celld] @A =2A stan Hdl F35= =7
3, AAA BExE 4= soksty, AAuE HU S daAE

glo] of .

o
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POWER POWER TEST
METER METER MONITOR
Pinc Pref
SWEEP | | Directional 50w
GEN coupler LOAD

% 6-8 Zarls AAAE A= TEM cell B4 Al 2H]

% A, wobgk GUE ol 8w wy
219 TE, REE AREH, A0 Fues 4 ds arel o

3 Azt Zabd Ho] w2 dxme ] wid, Zea, Add

i
N
=)
B
rir
\
8

|
l
X
S,
N
Lo,
=
2

e AgEE TE, mEe R

1M, e Fa u et mad e dljad s SAY9EA 9 S5

oA A=

1 _ 1 y2 1 2
= \/uo) ()
S SN | N
Zw - ZO()‘wg) 1_()‘0/2a)2 (65)
g — [_4P
- Zwaz2

o714, A%t m= 7T W SAAvdLela P vy
o] dAl Aoty Zatd WF-ollA ALtd dAe] ERAAAL -0l A
A AAe] Zdetur ARgtaiAshe Faha oA A
AZ1E arEetr] Akl o] BAde ¢l i LRHE o] &3t H4
oz, dAe #dde AL & vk ofd Al 9ste] atd
ol By dAAe BIEAHE +£0.54B o2 AT £ Jut mi
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9 dAZZHESo] H SAR 4802 ALgdY. AP A L2

Hiz Zo]7l 25-30 emol 3 A Fo] 3-SmmA Lotk o5 3% Hu

& ET3DV5/ET3DV5R H3DV5

Fulg A +0.2 dB +0.25 dB

=4 Fa4 g9 | 10MHz ~ 6GHz 200MHz ~ 2.5GHz

=74 e 5/g ~ 100mW/g 10mA ~ 2A/m

| gk +0.2dB +0.25 dB

A 4ol 330mm 330mm

N
o
o
o
do
(ld
=
o

=)
v
[H
il
z
rir
=
=
T
N

!
DO

o
)
T
N
o

735
FolA A Ha, 450MHz, 900MHz, 1.8GHz ¢ A-¢ ¥ =59
A8 AR oA wAE o KT 33 A ZEH
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Condenser

Resistive

wire

19 6-9 SAR

A

Al

3
T

ot

1l oF

3|

R

RF <y A
A7 B

3

ol o
5 o

o

o))
HAI
.

fveel

. RES} molzzst Fapgol s 249
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T Atk
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o ¢

°F 2%/TCe] ¥&

-
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i, AEE

oy

Zhell Abg =

o9}
7}z

3
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R4

sk}, SAR
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7HE 417

3

b2

Fell A1 SAR

S
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=
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= -
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-

Fol ALg gt

S
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2 37C9 &
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>
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rir
o
Avs
Y

[t

A 3 A FoEAd 9 QA AAY FFE& FH

T Eel efsf Aol wA= FFE AL Wl FoEel o3 W

£ Ay vat 2

- Ast7) ARgAIRE

- AR A0 E, ofel) o k7] A (tEvet Mol e, <rElu
el 71&7)

- Alz="e] F/F(AMPS, CDMA(900MHz), PCS)¢F <Srelve] F57
(whip, helical)

o] FojEe W

olct. wak ol
ol

-

Foll whet 24 Azdle TAd W e F
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FER  Peak SARFS FAH T Peak SARO ZA L the A T/
A 270 oA dojd 5 ST

o] Ml 7} 27 17 6-10°] WEFH Area scan, Zoom scan “LE]
L SAR scan St

LARGE SHOULDER

o e Bt CFIGIN POINT
OF RQEOT IN HOME U7 CORMER PO (@.C)
POSITION o4 -8 -4,6
mimn= o
+& U :_Hk ! ]|
N\ — Al
Y — 7
HOT 5POT—— |1
¥ (3. -6)
S,-¢ 9
2 h2s AREA SCAN GRID  sorrou
7 GRID SQUARE GCALE CORKER
SIZE =1 cm FOINT
0. s T SAR SCAN POINT

(PRECISE LOGATION OF HDT SFOT
ZOOM SCAN GRID DETERMINED PURING ZOOM SCAN)

GRIDCCUMRECCALE
LI2E:025 com

19 6-10 Peak SAR =4#

A 9498 adelA B vk o] A vr o]zl grid lineel

AP ow Feua, HAA A4 FAHolA probe
= grid lines wekA A elH grid line®] wxpzel vishe] 2o
AADE=E 7123t} Area scanolAl 7Hd peakA &zt A E 54
07 zoom scand F33te] Peak SAR pointE Zoldith o) grid¢]
AL ZHol Aoj7] 53 probe?] F3F 3Tl &3

2. v 5 FHoA SAR SAol 9§k Qake} 94
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) Y
\L |
“ .
] I1=100 mA
4 1 ]
: d
oy (.= 30w o0 SAR=cRE
é ‘i@ - * = SaR=cT,
S 3 . ——  numerical simulation
£ ] L 1]
: | s
= =
H ] \ B
1 ™ d = 30mm E j% g
| ! )
! | if ]
0 i L
6 4 8 12 16 20 24 28 32 36 40 44 48
Xfmm]}
g 6-11. 9F 2WolA A SAR 3t AldbE o] wlw
o] B¥e] A& oA 7HA Aol A ZAbE oA o sh=d], &3,
mj Aol F2435 dEkAE 5 FHoA Be =3 oxE doyiv)
gstd 3% E@s B2 o|Foldl 9% jde] Zzns} 1A,
FohEel o) AR azsk Wde) AN A dod Wyl
el Z2He 98k e e WASHy] wfjifo|vy. T E AR Z2Ho| o
g oabgre Zapel 277 gopgel] weh o o] FopxAw, Lz
BoRe BEREE 4P guAA @k g, 95 EdA F
Ae AAS =27 28 6-1194 Hox]es AAHH HAA Ho ¢ &

- 132 -



Frow Hr} o FA

)
AN =AE AAE g BEH7R )4 (extrapolatio method)S ]
R <

(ld
:Oé

Fof el ojgk A AAT FFES FAAT dojA] AR 3
© AR oy JhA g8gle]l Uk 2z B oA EAEE &
AAe ZzHol Fd MIAAel 2x9 ELF(elementary low frequ-
ency)?} RF 2158 28 FA5 e H7te] ox47F 9o, TEM celld}

2e wA Azue A8 A WA Azd dnEs 24 04

5ol vk ¥l SAR HI7IE S o o4ty A o1 # 9 ez}
Sol A, o] Yo mMAY FHEH =HEY A AV s F
o A ThEsh EgA Ao o dk ool gk HE T E 6-20] RoF H
of glom ti=f 20% Wl elA AAE A 5 Q).
o A a9l A2 Ag
wojxA oA FTHA QA | £<0.2%
N Fibr Jhe 9% +<0.19
Field 24 0 (+13 | o0 F <0.1%
A4 +<0.2%
O
%) Holg 44 2 HI7F QA +<0.05%
Mg Ho| 23 23} +<10%
T2 A5 SAR H7}
. A, WAk @)l o) sk @A) +<10%
of WE ¢ xH(+10%)
F7M A2 (+5%) | FAEEHdE F4 A +<59%

- 133 -



A7 AAS JAARD g HA 7|5+

N
2
Lo
_?L
2
%
o
o
>
>,
Lo
el
o,
i
k<
2
- :10
o
)
=
T
2
Lo
_?L
>
{
}L

T A E‘r.

o] ATES EAR FHo SAR(SpeCiﬁc
Absorption Rate), (Induced Current Density) —1&]3 A=
Ao thgk 7] Al A A E ARG vhs ol E AXAS ¢Aleke 2
g7t Es Este] FA87Mss dAC AR WagozN A4
o w3l AFgd g £urs i sz2% HEAEI T (Contact
Current Density)ell tallA= 3] QAAE +AHR sto] HEe 7|EE

At Sl Pt

VNEAE WA AEsH
=

H

2 oA AF7A A TFAL] x4 715 ICNIRP(Internatio—
nal Commission on Non-Ionizing Radiation Protection), %<
CENELEC(European Comminitee for Electrotechnical Standardization),
el 778 IEEE/ANSI 2 FCC(Federal Communication Commissi—
on), Y18 FAAHL TV AL LI A JAND V=S Eot
1.

A 1 4 CENELEC®9 AAM QA R37]|%
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93 Qadz 24 gtk CENELEC X]%Mﬂfﬂ H
B e 1 MHzol e AAs wZe] qa 443 Auele] w3
Z 9sle] dAel EESH 7] A S Basic Restriction)?] -AE vh#
= Ark

71 EA L SARE A AL AR m=Fol o3k A% ofdFow
FE Al dnkele wBEshr] st Aod fHe ®;EQh ENV
50166-2¢F LAy AAA AV dY "Rl dig rEed
(Reference Level) Al ENV 50166-29F A gtc}, 7]Fdde A7} &
AstA e o A YA lA JAkstel thste] Ao EUTh

SR LS
s &, =8
6 2 A ] gt Hinxge x4 10g
A H 5t %A ¢] 10gH s 2 | Hit peak
SAR 10g¥+ % 651t SAR
65 1t SAR
SAR
2532l
(Workers) 0.4W/kg 10W/kg 20W/kg 10mJ/kg
Gkl

(General | 0.08W/kg 2W/kg AW/kg 2mJ/kg

public)

i 7-1 ¥EFFE AR HIEF(SA) (10 kHz~ 300 GHz)
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T3k (f, Hz) 4717 (kV/m) A ZH(t, hours)
0~0.1 42 t=<112/E
0.1~50 30 t<80/E

Al
50~150 1500/f (30 at 50Hz) t<80/E
(Workers)
150~ 1500 1500/1
1500~ 10000 1
0~0.1 14
dukel
0.1~60 10
(General
_ 60~ 1500 600/T
public)
1500~ 10000 0.4
¥ 72 A7 71EddE (0 ~ 10 kHz)
Fi (f, Hz) 2717
0~0.1 2T
0.1~-0.23 14 T
0.23~1 320/f mT
Al
1~4 320/f° mT
4~1500 80/f mT (16mT at 50LL2)
1500~ 10000 0.053 mT
0~0.1 0.04 T
0.1~1.15 0.028 T
d kol
1.15~1500 32/f mT (0.64mT at 50Hz)
1500~ 10000 0.021 mT
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& 7-3 A7 7149 (0 ~ 10 kHz)

AA 7= A A 7 =
b T = A=
F3(MHz) (V/m) (A/m) ;
(W/m”)
™ms3t TmS3t
0.01 ~0.038 1000 49
0.038~0.61 1000 1.6/t
0.61~10 614/f 1.6/f
A4l 10~ 400 61.4 0.16 10
400~ 2000 3.071Y* Q14 % 107342 £/40
2000 ~ 150000 137 0.364 50
150000~300000 | 0.354f2 94X 1077 | 3334x10°%

7-4 ASmEdd dd AAAGE 2 dHEE YEd2300 kHz ~
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aAaE | AAEE
FHaMHz) | (V/m) (A/m) .
rmsak rmsak (W/m?)
0.01~0.042 400 168
0.042~0.63 400 0.7/f
0.68~10 275/f 0.7/f
o) utol 10~400 275 0.07 2
400 ~ 2000 1.37t"* 36410 372 £/200
2000~ 150000 61.4 0.163 10
150000~300000 | 0.158£% | 421x10°° | 667x107

B

7-5 ASwezd dd AAAGE 2 dEEE vEdE 10 kHz ~

300 Gllz)
AAR}T | AARE e
F3<(MHz) (V/m) (A/m) Wind)
peak A peak |
0.01~0.23 A760 200
0.23~3.73 A760 A6/t
3.73~10 17750/ A6/t
A 912l 10~ 400 1775 46 8160
400~ 2000 8.8 0,232 20.Af
2000~150000 | 3970 10.3 40890
150000~300000 | 10.3f7> | 266X 107 0274¢

i 7-6 Peak MAAGE 8 AHAz] g 7|EdE
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AARE | AAZR= e
3 (MHz) (V/m) (A/m) W)
peak A peakA|
0.01~0.25 1936 20
0.25~4.16 1936 20/t
416~10 7940/ 20/t
oI nkel 10~ 400 794 9 1588
400~ 2000 39,71 0.1¥2 3.97t
2000~ 150000 | 1775 417 7934
150000~300000 | 45872 | 0.0115f 0.053f

¥ 7-7 Peak AAALE & A¥Az] gt 7|F= 4
Fu=(MHz) | AF (mA)
Aol 10~100 100mA
ko) 10~100 45mA
7-8 ARl s yl=dE (10 ~ 100 Miz)

B
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3= (MHz) AF (mA)
0.01~0.1 350 f (MHz)
A1l
0.1~3 35
0.01~0.1 200 f (MHz)
ko)
0.1~3 20
¥ 7-9 AEAF g 7| 2ESA 10 kHz ~ 3 MHz)

Al 2 4 ICNIRPY| QA RZ 7]|FE

ICNIRP A& A 9 F&EAe A7} oFd 3k (Adverse health effect)®=5-
H BEd ¢ e AR wF A A gk slo]=gkele Al A=

At aEu @ 5060 Hz AAFEe tdk 7Fo]=glelo] IRPA/INIRCA

=

S Threshold current(mA) at frequency
50/60Hz| 1kHz 100kHz | 1MHz
© Touch perception 02~04] 04~08 | 256~40 | 25~40
O Pain on finger contact 09~18| 1.6~33 | 33~55 | 28~50
o Painful shock/let-go 8~16 | 12~24 |112~224 | | A A
threshold
o Severe shock/breathing 12~23 | 21~41 |160~320 "ZA
difficulty
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® 7-10 ojdeo], AR FAE 2k B e dAEFA
o o
grge | VABE| AATE | Befied Zgﬁ;
(V/m) (A/m) (uT) )
Sea(W/m”)
up to 1Hz - 1.63 X 10° 2Xx10° -
1~8Hz 20000 | 1.63x10°/F° | 2x107/f° -
8~25Hz 20000 2x10%f | 25X10%f -
0.025~0.82kHz | 500/f 20/f 05/ -
0.82~65kHz 610 24.4 30.7 -
0.065~1MHz 610 1.6/f 2.0/t -
1~10MHz 610/f 1.6/f 2.0/t -
10~400MHz 61 0.16 0.2 10
400~2000MHz | 3f* 0.008f"* 0.01"* £/40
2~300GHz 137 0.36 0.45 50
¥ 7-11 AFAA7] A g3k A 4 2 (occupational people) =% 2]

719 (rms k)
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e
AARE AAAE | B-field |

F ok o A

(V/m) (A/m) wT) )

Sea( W/m”)
up to 1Hz - 3.2x10° 4% 10 -
1~8Hz 10000 | 3.2X10Y1 | 4x10Yf -
8~ 25z 10000 4000/f 5000/f -
0.025~0.8kHz | 250/f A/t 5/f -
0.8~ 3kHz 250/f 5 6.25 -
3~150kHz 87 5 6.25 -
0.15~1MHz 87 0.73/f 0.92/f -
1~10MHz | 87/£¥° 0.73/f 0.92/f -
10~ 400MHz 28 0.073 0.092 2
400~2000MHz | 1.3758% | 0.0037¢% | 0.0046f"* £/200
2~300GHz 61 0.16 0.20 10

ol gk duk % (general public)

(rms k)

EEUA A8 = (W/m”)
2 ¢l 50
Akl 10

B
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=FUY | FRedY | HRYEAF(mA)
up to 2.5kHz 1.0
251l 2.5~100kHz 0.4f
100kHz~110MHz 40
up to 2.5kHz 0.5
Akl 2.5~100kHz 0.2f
100kHz~110MHz 20
£ 7-14 AEARE 71 Ed
wEU AF(mA)
Al 100
Akl 45
¥ 7-15 241 FY 7l=dEl(AA], 10~110MHz)

Al 3 A IEEE/ANSI9] CARS 7|5

f=a
2 AA=AT. o] 7]FEeke @] H7 (Controlled environment) ¥ 9F o}y

2} 1] %] (Uncontrolled environment)$F 4ol = Ag&E 4 g== 0ty
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Atk o] ot FAAE 9% A rY HZ Ze 1FHQ o= FL
A vk Ay SHFol# AAA wmEd UE 9FS dar = A
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Magnetic field strength (A/m)
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