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Measurement and Study of the Dielectric Properties and
Thickness of the Low-Loss Materials by 1-D Photonic

Crystal

Student:Chao-Wei Yeh Advisor:Prof. Chen-Shiung Chang

Institute of Electro-Optical Engineering College

National Chiao Tung University

Abstract

By using the properties of 1-D photonic)erystal, we designed two different structures in this
thesis. By measuring the transmittance with these structures, we.obtained the optimized absorption
coefficient by Transfer Matrix Method. Consequently, we improved the accuracy of absorption
coefficient measurement for low-loss materials in free-space. At the same time, we applied the
tunable modules of photonic crystal to obtain the absorption coefficient in different frequencies
with the shift of transmission frequencies. Besides the theoretical simulation, we also verified our
result by microwave experiments.

In addition, we took the aspect of effective refractive index to nonmagnetic
materials. At the end, the Broyden’s Method has been used to solve the nonlinear
consociation equations with unknown parameters of dielectric constant and thickness.
So that, we can know the dielectric constant, absorption coefficient, and the thickness

of the material under test.
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n, x<0
n(x)=4n,, 0<x<d (2.1.1)

n,, d<x
FESNEARE EFH S SONCESE (R o BRRUEIN LGEPE S 78 Sl R
o T AR
E(x,z) = E(x)exp[(i(wt — 2))] (2.1.2)
HY BBz ot AR ek APERET 6 L Ed x=—0kr it
R Fe g E(x)¥ 1 E =

Ae ™M 4 Be x <0,
E, (x)=1Ce™" + D™, 0< x<d, (2.1.3)
Fe 04, d<x
ARAPEXTEE L s (2 AR xZ2L )P TERX-A>B-C>D

2F AUk, ok ok b RBREEGT? WP e B xS et

/47\

e

, Hoe
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S 2RI -
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H,(x) 3 7 8

k A A
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wp
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A+B = C+D (2.1.6a)
k. (A-B) = k, (C-D) (2.1.6b)
Ce ™' +De"! = F (2.1.6¢)
k, (Ce™" = De"™") = k, F (2.1.6d)

bt BRI > APFTRLEB-CoDE Fii- WA K47 ¥ 8- &
GF SEEVE S

A 4k1xk2xeiik2'¥d
(klx * kzx )(kzx + k3x) + (klx - k2x)(k2x - k3x )e_iZkhd

(2.1.7)

B=4 (klx _kzx )(kzx 4 k3x) B (klx # k2x )(ka — k}x)e_l:ZkZXd (218)
(klx + k2x)(k2x = k3x) e (klx — k2x )(k2x L kSX)e—tzkhd

m C2 DV & W E2qe Faplizsh

1 AT

C=—F(l+2%)" (2.1.9)
2 k,,
1 k, .

D=—F(l-=2x)¢ (2.1.10)
2 k,,

ok AP R (Q214) > APT RN ERAG 2T EEF iR

rlz Z% (2.1.11)
s =% (2.1.12)
t =% (2.1.13)
) =% . (2.1.14)
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t:Z:Hl;z; —ar (2.1.15)
12723

B —2ip
r=l o Judlef o (2.1.16)
A 1+n,n,e

2
R=|rf o (2.1.17)
TEHEFETRFZnENTHWF
n, cos; |
= 7. (2.1.18)
11, COs &)

n,cosé, , s
———2> L Apid R g I e
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Bt AR L P By mefe o kG BT LB Y
R+T =1, (2.1.19)
LA G T o AP Bl K% T 455 ch e i d B G a4
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sl
RN PE LY BTG o e E A TSR THT AT R
e TR E e T e T
E(x)=Re ™ + L™ = A(x)+ B(x) (2.1.20)
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ot FRZGLIRIR 0 B B() R A 2 ARG A A PR

A4, =A4(07),
B, =B(0"),
A4, = A(07),
B, = B(0"), (2.1.21)
4, =A4(d"),
B, =B(d"),
A, = A(d"),
B, =B(d"),

F_*

PO A =0 2R G0 A =0 LR oI d 2 d AR x=d
ZER G2 E RS ek APRL R G L LTSRN R kAT R

i T 2 B R

,ﬁ_DAD Ly
= Ay (2.1.224a)
B, B,
A: A e A,
=B # ‘ , (2.1.22b)
B; B, 0. e B,
Az—D*D A,
= DDt T | (2.1.22¢)
B, B,

He DELET A7 &

1 1
( J for s wave,

n,cos@, -n,cosd,

D, = (2.1.23)

for p wave,

(cos 0, cos 6,

n -n,

B a=1,2,3:a0, 5 AFAY Aol xdhz 24 o a P35 Bf5E
WA St BapEe o 2P g, =k, d o K5V (2122) 4, B, 4/, B/ 2 M 27

v

+ =
=~ T =&
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Y
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FZ[gij === (2.1.25)
B=0

4 M,
t:[é} _ (2.1.26)
Al By =0 M“
AR E TS AN
_‘Aln (2.1.27)
Mll
2
nSCOSQﬂ| »_meost,| 1 |, (2.1.28)
1,/¢08 0, 1;€0s 0, |M11|

HBHY G20, TRkl fTkVamnsis .

0
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2-12 5 K o N T RAEL ELE
ETORAPRT RPE RS A TR (R 222 EE R F A

AP et 2 AT A AP T

ny, X < X,
nl, x0<x<xl,
=" TEER (2.1.29)
N> Xy <X<Xy,
o Xy <X

Hoeop, N EF S adT s S o on, g, nNE R ZITHS 0 xR EAFIRE S

[+1% fid 2 2% > n s D1 8Feh2 37845 o
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FFG i’?l n 5 n_-’\-"—l HN 14} s
"40 "41 "_Jz "_JN—I "_JN "_Js
* & @O '
Bo Bl B 2 B N-1 B N Bs Y
X, X X, w2 Ao AN -
W22 3380 AFAZTEW
LR 2B R G
dl =X =X
dz =X =X
. (2.1.30)
dN =Xy — Xy
MRS EX)Z AT T LH
Aoe_ikOX(x_xo) +Boeik0x(x_x0), x<x0 ;
—ik, (x— ik, (x—Xx,
E(_X): Ale () +Ble (%) g xl_l <x<xl . (2131)
I —iky, (x—xy) Ik (—xy)
Ae Y'+B e Y Xy <X
_/’gi ¢
5 1/2
_ [ RS _, @ _
hx—{(nzc) p } =m—cosf, =12, ... N (2.1.32)

O 5 LR TEFIATH2 ~ 814 R > 42 B84 bx=x R 6 2 4R15 - kR

I

4o
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£ AN+1 =As ’ BNJrl =Bs’ ’ M D:{E'KE-;» P{E’“ﬁ-'\?’ ‘a =
1 1
for s wave ,
D n,cosd, -n,cosb,
- 2.1.34
: cos 6, cos 6, (2.1.34)
for p wave ,
l
P lkl,dl 0
Al PR (2.1.35)
4 N (2.1.33) T 7
N A’ M M A!
[AO}DO‘I {HDIBD[‘}DS ' —( ! ”j ' (2.1.36)
B, =l BS' M, M,, BS'
gt o NPT U E RF R T lics B G
B M
”:(—Oj 5% (2.1.37)
4 B,=0 M,
A, 1
c S (2.1.38)
AO B,=0 Mll
Hd ’t:|t|i€,0;?3§z]€ﬁ&—iﬁgl“’§-°
I i A F A A S|
M 2
R=—2 > (2.1.39)
Mll
n, cosé n .cos@ | 1 |2
= |y ) (2.1.40)
n, cos 6, n, cos 6, M“‘

HY 0% 05T 5k eh MY iR s
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2-2 % K AT eh® st
2-2.1 & & R332 1 a[22]

weimie LT R G TG b T A RS REE R L TR

e
™™
4

R IEFZ o d B 237 H8 z iR Apiadn3 T g k2 AT B 3

pr— —X . .
Z(z)= 7.(2) (Q) (2.2.1)

0

F_k

EIU GFR ez e Bh 0 TR oo spenl - iAo gLl
WAL ATy PR -z 2 e Wik - ka2 0 Ahz 2P E

RIEFLE & -n o

X
'
Er
ﬁnr ;
PR
Hr
lfi Ef
H;, -—-pﬁm' l}——-p Anf
H!
E nH 2
S
&4 5 22 4 Lz
z=0

W23 BEATHFr 245 » 8

LR B 239w 030 TR td AR L LE AT ha A2 42
S EUE NS G e APTENAAT 1PN L BT H RS Y 5

Elx(Z) — Eio (e'jﬂlz + 7/ejﬂlz)

Ey. s s (2.2.2)
Hly(Z) — _O(e Bz _ }/e]ﬂl )

1

BY S E~H: r52 280 ES  E~HHF W2 238 ES  E~H 555
2RO v A F WG BBV Q)FTHE IV ELAT LY &
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B AR BEZBESL RN & A S IR

E . (z) e’ 4 yelhs

Z (z)= = : :
1(2) Hly(z) Ve ihz _ }/ejﬂlz

(2.2.3)

VHRRR G A FREEF Dy =0 - )/, + o) o BAF ARG 2 40

F_*

AL Moo B R A Q223)58  F BB ARS 2 2= Ik T @

Z,(-1) =, 120 Bl + Jm sin Bl
1 cos Bl + jn,sin Bl

(2.2.4)

Fm=mPo TRTHE Gy R AN z=0kRT P REDRG 0 it

E b § o B [ A A [T duAe £ o

2-2.2 % K N R R sk ik

Y RAE 24 2 FEATHARER IR @ AT 2 P 2RI A
z=08z=d R} o}t 5T F HBLEE TEZEGAS BLo b Az E 23w BiED
Fig s T d QAN AP T F hz=0/ AR DFES » gL FI R
(L2

Z,(0) =1, n,cos fB,d + ].772 s%n B.d
1, cos fB,d + jn,sin B,d

(2.2.5)

FAPEREAF 1P AP R FAILE =0k R H 0 AT R
T - g A TSRk £ (2.2.5) 0 R E A 1P s B 2 RSt
Gl > 3 F - - SR EE RfRD o R R - EoxpEdid P E hz=0/ks
E LI N E S

E, _ 2,(0)-n
EiO ZZ(O)+771

(2.2.6)
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_ E; ,
ﬁr!.li—iﬁm' VI} +é:2
H;
K1 K 2 % 3
&0 & £y 1L £3. 14 .
z=0 z=d

2-2.3 % 2t btk

d ﬁ’%?iﬂ‘%?iﬁf‘iﬁﬁ"?;%ifn=\/§:no /:’ B2 g s BT 2

FUBTTQ) v 5, % 1, 5 APHE 6 BF Befrdp $TIBE Tl o K i ¢ 2 ML

L ZE B

H# s Bl 5 1o 24 wufr%ffn? Je, 0 B D e dT b 2 B el s B

24 NV

% = -~ J—

XY & =
n

784 PR AT N, A7 B

Mo cos f,d, + ] ®sin f,d,
Mo _ Mo 15
Now 1 o g B.d, + ] ®sin f,d,
n,

n,cos B,d + jn,sin fB,d
* n, cos f,d + jn,sin f,d

in

20
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(2.2.7)

(2.2.8)



#e ﬁzzzﬂf% »EE

& 3

»EPPE S R B A F 2P il ke
d

i srdrs A e

FOLE MG R AT R TR F O AN PR -
A 4o @] 2.5 KGR B 2.5 &4 S K A ForiEs o e A PAHE B s

AT R B AR R

v ¥ g

TR e e LS B e rdeRld (22.8)
RAPFATEND AT e A TR e F R NFMEATHEN, > A4
(22.6)0 27 d FRERE D5 iy o X

nl_Nin
- (2.2.9)
n+N,

ELAEY

Let
N3t (2.2.10)
=7
NET R
=> 3% AR
R &%k m—
:: ....... ’
-« — > e —P>
an
2.5 54 4 FF#ocitst s 2 RRA LW
2 15 A

4
7

=

TN G345 gt
NG > 4o 2.6 © BIE 417 (2.2.8)55 f7(2.2.10)5% f 21 n

PR AR A2 e e g i

P x Nve(y;"r')ﬁb':‘éi/TFFTr
He e ndT it I 7 5

N o—n N cos B,d, + jn,sin f,d,

m

. 2.2.11
" n, cos fB,d, + jN. sin B,d, ( )
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LM b NG BN, okt

N,, cos p,d, — jn, sin B,d,
’ n, cos fod, — jN,, sin f,d,

N =n (2.2.12)

N, T g (22.10)58 SE b hlicy K E o

HJ H2 H3 H4 Hj-
"""" | 4
- —— —pt— —P
d, T d, 14,
Ne (+)

W 2.6 5% 1 & w7 et Ni;)%%m
PO 2.7 A @ AR g e L e @
NG R n, E ong en® edT it NS ROREE

Ny 115€0S Bd,+ jn,sinf,d,
eff — "4

: 22.13
n,cos f,d, + jngsin f,d, ( :

1, ", 1, u 115

-~ — >  —et— —>

d, ds

N@:ﬁr(—)

W 275k 4 F 8537545 N 7+ LW
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R4 (22.12)~(22.13) AT @A vin, 0 2 NG EZ KA FE NG {2 N
[ T

v, N cos(Bidy)+ jmsin(Ady)
T nycos(Bdy)+ jNG sin(B.d,)

(2.2.14)

HP Fngsns~dih @ ol o Bld (22.13)58 7 70 i b SRS T 5 N
hiE o FILFER sy~ dryh Rl BV Y R Spiklcy B AF 1 Fied
WK A R T E N, 0 £ d Ny F 180N

2-24 B Eacdr st KA oL B

G214 n 5 ArPE R HE R F B B R Bdss 5 ° doih- B

25T AP Lo =, —ins i d Q2R 13) 7 B N it R T Y

& NO=N'—iN/ » NQ =N, iNTorssi 408 Q2.14) 8 ¢ £ 4 &
a(n,, —iny;)d 7 Vi % - L a v s

ﬂ3d3 3 3 3 ¢3\:‘ ,(03%—3.;&0‘?(005(03;_\15111403* g};@;@t’ 2B D RIVA

N —iN* =(n, —in,)) (N, —iN; )(Recos @, +ilmcos @,) +i(n,, —in,; )(Resin ¢, +ilmsin ¢,)

(n,, —in,; )(Recos @, +ilmcos @,)+i(N, —iN, )(Resin ¢, +ilmsin ¢,)

(2.2.15)
BF INE R RIS ¥
A+iB
N' —iN;} =(n,, —in,, 2.2.16
7 i ( 3r 31)C+ZD ( )
:,E!‘:JA‘B‘C‘DAV\EJ'JT;
A= (N, Recos@, — N, Imsin ¢, +n,,Resin ¢, —n, Imsin ¢,) (2.2.16a)
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B =(=N;Recos @, + N Imsin ¢, —n, Resin ¢, —n, Imsin ¢,) (2.2.16b)
C =(n, Recos @, +n, Imsinp, + N, Resinp, — N Imsin ¢,) (2.2.16c¢)
D = (-ny,Recos @, +n, Imsin g, + N, Resin @, + N, Imsin ¢,) (2.2.16d)

EAFAARRC—IDFERESHF I ok pitadd;t

v i+ = M (AC+BD) =n (AD=BC) _m, (BC—AD)+n, (AC+BD)

C*+D? D’
(2.2.17)
rrlid BIAPEZ BINAPE > AP AT UEFD - B ek
N+ _ 1o (AC £BDYEI (4D — BC)
' C*+ D>
N+ = AP CEAR) (A CHEBD) (2.2.18)
l C’ +D?

H? A-B-C D ] 77 cosg, % sing, £7 5 25201 Sk w38+ (22.18)% =
B ffpampme e k@ feng o T B ERRE AT EAPS

Aehde e fI B BB E o E kR N BB R

2-3 F & &% % (Broyden’s Method)[23][24]

g AP B tS B RRR T A S 2 ST TRl € 1 B E akdT s S OE
Bt @R BRI - PP S B b AFEAPRA L B
v R fgtam e S frke b > ¥ % Flen 2 —F L 2 %2 (Broyden’s Method) ©

Bl M BRI 2 S R A R AR T S LT R

R I A N S R TRV RS I i S TN P

i

>
o
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Ex 3 AfET G B2 #2 (quasi-Newton methods) ©
Bk- 77 TR REDERPEH S e f()=0 " gmHf LypnksrE

(fl,fz,...,fn)T g o T4 XEAnELAE (xl,xz,...,xn)T HfFw g om %ﬁd -

T BRI A F() 0 IR PFEA RPN o R EE Sk o
¥ — o4 X B Rk
X, =X, +Ax, r=0,12,... (2.3.1)
He X, hLX A® (F+]) Sz N E o 2 X, EXIRTRITN 0 &7 F
f(X.)=0 @ f(x +Ax,)=0 (2.3.2)
Frinid $aickRQ3DAT E
f(X, +AX, ) =f(x, )+ V(X )AX, +... (2.3.3)
Hoo A gk (AX,) & B 0 B dQ232)70F @&
f(X,)+J,AX, =0 (2.3.4)

#¢ J =VF(X,) > # % (Jacobian Matrix) o = & r % 77 B A BEX, 3t B E > ¥

v

J, =[of,(x,)/ox;] 1 wno j=12,. (2.3.5)

2 32 =\
—:—d‘\ [d Tl/}\'

!

A

Jls

Fod (2.3.4)2 7 (8BS e IT i 50

X, =X —-J'f(x,) r=0,1,2,.. (2.3.6)
d 3] Vil 2 H Bapid(singular) 0 B PEF B BEEVE o TR AR
ZEAREHI R/ - F T e FTo N 23]

Iy -p, [T,
)" 3Ny,

(
I =0, - [ (2.3.7)
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:'E‘ v yr' :fr' fr — p _(J;l)rf(xr) °

b i B BT

—giﬁgjx— BfgerAd- BT 2 ErX s 00

2.3 2 FE AL - A BT o

3.3+ & p, =—(J").f(x,) °

4, F= B2 R EF|TX +p)]| < [[TX)]| > B2 || % F4B-che & 8
(norm) °

5.3 E X, =X, +t.p, -

6.3 5 f(x.) > FIfX) < e (e 5™ Fp FHT 7 F LFL) R
BrEE RN 0 F BJ%@&&F 7

7. % (237N ehd driwp o 28 @A I e

CRLFOEE RN BN ST IS SRS S S SR
A ‘ﬁ PEFE R FREREBD T EIEAE B T - RTINS

FoRELERRY DI FER{ AR 2 4L 0 P E Slehih )5 o

2-4F RN KT LA E
B[25]eh e P /R I G Ak - kS B dofeid 2 T SR

FAND T AR EE S S B S 6 o B A B LB FRIOE 32D
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R kb R mEE

— - — —
B | Fi R Hr My e R ¥

A B & B

oy —

L — M gL+ Ma AL+ fea L — M
€ L L L
AE— FEZ
y o=z z position

W28 "RFfRAFASH - BHF

(ny,=2>n,=1>d,=0375um » d, =0.75um)

B KiE A hol 280 £ AP BB AL - DBk S S Ak o

Bl Qi W29 #F GlES 5 100THZ 2 5 5 % 4o 210 > Q & :h%

it 4@ 2.11 -
JeTamiz Rl - JeFramis
JEHRA
A — — — —— SE—
dafect
Ant EEw
G -

W29 M43 AHRPFTAXSARAEST LW
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Transmittance(%)

log,, 0

100 :

—— Aa=05dL
— ﬁa=0dL
L —— Ma=03dl |
o0 — A2=D2dL
—— ﬁa= 0.1dL
= 0dL
LIS — AamniaL ]
— Aa=02dL
— Ava=03dL
ok — Ma=04dl H
— Ma=05dL
B0
50
a0
30
0, i
10k
; : R : ]
85 a0 95 100 105 110 115
Jrequency(THz)
2 - . 2 2 ey .
B 2103 & A e A S EEH 2 T S H
(n,=22n =1 ’JAH_:= 0.375um > d, =0.75um)
= sy o | L5 | . L
o ]
}
7 T K T = T 2 T T T T T
—o-  FAEhEE—
e ¢ 2.5 period phe v+ PRI — + 2.5 period phe
B —=— 4.5 poriod phc y FRERILLE — + 4.5 period phe T
=L n
s N -
‘/,/./i "\'\v\‘.
4 —

AaldL)
B2.11 FHAGHEE » £ F LHQER ™ 2 K

(n,=2>n,=1>d,=0375um > d, =0.75um)
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AR R AR RIS s KA e o doB] 202 4 T3

-

B R AR ] AP TR f AR g R s R AR PRI
P de e H iE o R B A4 2,13 o

RHE ARE 2 WEE  @mE 0B FoE maE WEE  mam WEE

ol a =
fg| "t By A ng| M T My
gl P |8y A lng| A ny |ng Ay [y P By =k EEad
; = = = = AHE
- 4, +ha d, +ha e -4 4 +a dy +ha -ia
| ! ! ! ! b i !

 poaition 1 posifion
HE= G

W2.12 affes - =2 SHE

12 T T T T T T

07 —o 25 periad phe+ SAENEEH —  + 25 period phe
4 2Sparind pho v FRENIERE Tt 2.5 period phe

108 - = 25 period pho v ZEETHEH =+ 2.5 period phc |

frequency(THz)

o0 1 1 1 1 I I 1 1 I

05 0.4 -0.3 -0.2 01 a1 02 03 0.4 05

AaD(dL)

W213 @72 FAGFELAHFF

¥l

bl ek & E‘HB%.Q?\;%@%}% TR gHFTEA L ER

SER

PENN

F AR 7 R A e
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F_L
BT

B SR S @ F R T G ST R T

3
&=
4o

Wl opRRa ok SBAFE L L a2 W R okt ire BERF
BTEAF MR JERRIE R R A B R HE R (YRR s gL
M6 FR>2DYA» X ¢ D5 ERl 2 Bt T s AL SR E ) gt xS
ERUE SRR I S VRS £ A AL K& Ly RO R Y
BAC R WA B - F G Bk S MR R g Bl B s B et
PR R S s T P R S S R BT 0T 6 M T R
RIFUR SRS 2 1-DE G A § S e A SR o R RE R R E RS

% & i deT

FLRBJBELEZ® X
BR G Se REFEKAPM S Hor L BB 3.1 vt o M REE A LA
A A i e
a. Mok (Synthesized Sweeper) @ H i & # it 5 % SR F B KR -
(HP83650A )
b. ek 4F  #E3 %¥ (Frequency Converter ) : H i & 7 50 % 3% S04 %
Y RELE L PO (IF) AU 54 47 - (HP8S11A)

c. Mok Bl dl®k (Microwave Receiver) @ H i & # i 5 Frdl ok &
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e TR RS CERE TR DR AR -
(HP8530A)

d. M # % 2%+ B (Microwave Preamplifier) : H 3 & # 5 2 "% K32
Moo T SN > T 3B kS FATAE - (HP8449B)

e. 48 & % (Coupler): EPAiRE- FYRE(FART)
AP S/N w2 2t > |/ F EELenFER AR o (HP11629D)

£ owploNA] X AR (82 i) ST 2 2 (72 DRH-0118 @ #% #— i
% 2. Beam Width > @ i i E B B F |4 pF > HF-A R E L] o

ok Sz B/ 3T X M2 Beam Width ¥ 548 B (3dB ) e A =t &

*?:f:

HP8530A DRH-0118
NETWORK ANALYZER
RECEIVE
ANTENNA

INTERCONNECT

HPB511A

FREQUENCY CONVERTER

: S TRANSMIT
: 7 ANTENNA

HP8449B

PREAMPLIFIER DRH-0118

TEST SET IF

TEST w2
Bus -10 to -40dBm REFERENCE

HP83650A he ool
S8YNTHESLZED SWEEPER -
HP11629D
COUPLER

W31 ERl AR REERBM LT LH
2'\_;"3,, R F’&E/P o {'1 HP&530 4%41?"&&#‘&’15\’}%55? _.'~'J
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FREER L T A Ap b (o LT UR SR R R

f

BIcT A2 P - HeBF > 2 5 160cmx160cm s e H ¢ =B B - v o
BRET AL ZERPSEFRBERES T S F /AR I REE o MR T G~ 5
BRT DN EAR B EM(ET %RED H O M S 5 2GHz-18GHz » B
v # %3 10cmx10cm)e R F) e 5 B U4 3 5/ o X MR 2 BF =8 5 100cm>

TARBACE 327 B e BFELR

>

i T B v 5 ldemxldem & % SL2

KT
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BE K

ATk > %23 18GHz ¥ 50dB° 3 = ]
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R=100cm

HP8530
Vector
Network
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Microwave Absorber
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ER#HIFT)# b B A ped s SR OM GH -3 BT7 F 805503 F
Fofw i » LAFBIHGEL P RRAEBIF LIRS
(time gating) ¢ [l o 4rit T ¥ AR R RITI G & KPR Sk DH T ¥ gl 3
B AT B F M Ea kB ERERE - A~ Z 8 HP8530 ik
wRRERATRIF G ERE 2 AERBERAL > BREFRBRSLTES
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AAEA PR HAoR BT RS LB eSS 2 KR Fpl i
AL oE e ¥02 Matlab £250 T HOMER N LB R PlantE At 0

B B % o BRSPS BT AT SRDE RIRGE THE BRI

4-1 43 d th Bt R 2 3F 2
441@*@%%@%$ﬁ&&ﬂiaﬁﬁﬁ

Fhtpd 2@ rfa o BRI TS S F sl R B - KL 4 R
SXTEE TH Y BRI L T Y S R R R Y
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i o @ By e R o éﬁ(ﬁ_[26][27]ﬁ1:‘?)§%\:‘ RIS T 2

S
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a3

T

R R Rk b
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fimiE 2 — 2h8 gt %‘%’E’ ERFEF2LEE
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(narrow band-pass filter) e 538 AE B e & T die(h) 2 B = iF o gd QAR
SEDTRRESEAFRT RMARET B FRERFNLTEFFET
B o Ao gL (TMM) & (7 53 suje e B o
E2-1 ¢ AP AR B (TMM)$ 5K 4 o b o 55 5
D ER URIE LS SRS oF - MEdagic S LIS B e Rl L S S LT ¢
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F R AP e R T AR S Ae b 2 R Bk R R g i
F(n,) s 1.5-0.00145i > n, 5 5 % £ n,=1> BRI F K <HF 5 10GHz

T Az - g EER od RA42F @D E TS MAR o A B 43 &7 %
B 7 ffT falicz S8 £ (0.007) & 0] (0.0005)FF » 7 % 4F & T 55 B S

oo 500 3 ITELAAT L > AR P S 4 gy o R SE ) @ 9.8~10.2GHz ehge

o
2t
N
i
=5
!
BT
[\
Je
At
b
:m

PE RS S R TS T IR
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Experiment
——— Simulation with n=3.066-0.116i 7
— Simulation with n=3.066-0.037i
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