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ABSTRACT

The paper deals with the rigorous analysis of three layered media structures. The dyadic Green's
function for three layer medium is derived. The Green’s functions belonging to the kernel of the integral
equation are expressed as Sommerfeld integrals, in which surface wave effects are automatically included.
We propose this integral representation as the most appropriate in the spatial domain analysis of slive
structure. Also, we used extraction method for the convergence of this integral function. Finally, some
numerical results are presented. These computed value show good agreement with proposed this method.

=

33 9] AGreend <, Sommerfeld & ¥, 43 Al, Exiraction¥], X d 3}

1.4 &

A, FEIFABE Mulzd g #Hol #HXA
WA RFIDE HIE T Z4F 0]554 v2rle
87 FEFHoR FOdn Uk 53 UARlE
NG I FH LFDLr 2L AF
8 BAHo= 71A ARE 3 Aok 2y
ol #2 FAFA LV d¥ye File F
8 FFRA QEYY HACA B ol ¥ o
ol Ach & <gEyve] AADAC 77 ¥

R Ao TF oo} o EI GLIIY £F
o AbEH= ¢HUe &% vy st disiM e
B2 dFhEel WYHAD oy, 7P WEHY
HRjez= GHEHVe Tgez AREHE vl
FAES Folw Wl ARSI UTH[1]-3] 2
By F3A 713 ol 48 dHVY BF A
F3Z Fo ARG GElve AR EZ
o ol A BFA 2 T AxAY
Bt €2kA)7) HEoith. FAANE-e HAAAE
A3 sHsted A9 GreenFE =Sk

- 219 -



S YA B FAES] 2007 FAFHEEU 3

et g9ura o2 SommerfelddEAoz FH
7] B&Ed HEY FHAol FA FolAy FX
ALAIZEe] Aojx= o] gt} o)d] HEL
Aoz HFEsle e dd dF7F Zol
TFYPED YA BRE vlojlmaz2EY 729
2L HAHE EF}= FHE FAHHS AU
th[4]-[6] ey #HT9 <HEHU= owHF )
o= F&o] 7}Es)oksl RFIDS} 2L 3% 71
E JHEx ALEEHool B2 HXWHo] Qe
T2 gt Ao} AP & 5 Ut

B =52 HAHo] Qv #AA &8t A
A%k St} E 34 3o 23 32 Green
StrE =E351a, H5F0 A2 Sommerfeld ¥
ol #£¥AL MAste Whjea IHEISFE
BH FYHo] =& REL sHyFez HEdc=
Extraction'i & A 83l FXAXAIHE =53
o T3 gHeFne FRHHES o sle] HE
A2 Ao EA3= FHY A e 23T
old] wg FHH £48 B4 it

II. 35w d dyadic Greengl4=

T9H12 HAHo| gl 33WAY 729 A
AE el o 2209 3L FUFolxn
-d<z<0 o FZL HIFAE] &t FAA WA
o] xyHd| F3§3] WA Yon, z<09 FHe
TSR Hole FE HA £fprt I
F 7k ¥ e FERoN.

29 1. 339d 7z HEA

4714 Jo} P #7 w4 Bage Uehy
T Qe og e B B=H PN A
Ae oe Heg 78+ Yok

B =—jow ||| G.(RE) - JB)AV @

A714 G F Je Zdz 491 dg dyadic
Green¥9} HFAolth. o]g} o] z} njdojA
o] FAAE F3lEH 2 viAd9 dyadic Green
e =& sfoptt .

¢ FRA Z1BAd £HIA HAE LEG
ol AF 49 o BAG ol A=A}
v FRA 7| Aol XFHojoL InE AdY
AA g HolZ x=0, y=0, z=20%0 A} x:§&

0z F% vz oL BYoz I B
A BEFH A9 AAdle= Yo gZREH HH &
23l A A AET {FAAZH HEAL 4AHeE
o] 2@l g FEEY. A 99
(Dol el AA ] g3+ dyadic Greeng+
e 2ol Ued £ Aok

o 7] A E'f‘f— 578 dyadic Green@=
S Aoz Jepdt,

~ jkol R— R'|

. B . -
G{(R,R)=(VV H‘ﬁ)ﬁwl}z——R’l (3)

T3 vlde) BHEA AR Ofe e
3} zro} yubuic}.
— . o o _5
S N 1 0
Gl (R)R ) - 471'/; dAnEO ,\ho
(@M y (ho ) MG op (— ho)
+ ONG s (R NG a (—ho)}  (4)

2

A 7|A v Kroneckerd E}l2, n=0¥ o} &=1,
n=0g vl §=0°] H AlFas}t b Fol B
do] FAA 2 WA zHoRXREH FIITh EF
A4 dH 395 U3 2.

_ nJ (Ar) si ~
Moo (h) =| 7 DR sin

3, (Ar) COSn¢$j|e—jhz 5)

or sin

1 , 8, (Ar) .
N (h) = | = p 222 e0sgr (g
— “jthn(/\?‘) sin_, ¢ 2 cos
4 - Cosnd')qi) + X (Ar )Sinnsz

JIRZ vAAFYUL xyHe| HYPstnZ A=
Aol Ae A= x, yAET AZIA HEE=E
Greendl3: X3 xx, xy, yx, yyAET HQ3HA
He Z AEL2 oS-# 2o vEehdt.

Gfmz—-‘L A SOr) e cos’¢
47 0

r hg
_ hy 2 0L(Ar) [ a . 2
—;g-bsm gbjl + = I:ho sin
_ %bc032¢:|}e“jho (z+ %) (7)
| ' ] e J; (/\T) a h
s s 1 1 0
Giy= Gl = 4’*Tfo d,\{ : {ho—kkgb}

- 84y (Ar) [ a_ hg b cosgbsinqbe_jh“(z"‘z“)
he | R

(8)

- 220 -



35 vl Greeng49| A 744

J, (Ar)

Crw=""4n f { r [f(:o sin®¢
— -z.—;bcos2¢}+ 3%6(31“) [}?0 cos’¢
,klo bsin d{'} —Jho(z'i'i’ﬂ) (9)
0
<,
(h2 — R ) (e — gt ) gitud 10
(h0+h )2e™? — (hg — hy )2
- (Kihg — koh?)(e™? — = md )
(Kthe + Kok, )2 €™ — (khg — Kghy )2e™ ™
(11)
o]}
=‘ng_)\2:h1: —")\2,d=z+z0

o]

¥ A

7t B 9714 ko, ke A2 F7157 FAA v

3 9] Wik,

. SommerfelddF2] F=dAAANA

A(7N~(9)ll Yeld dyadic Greengltg=ol] ¥ 34
T34 52 Sommerfeldd F-olgt B 90, 9

3 #37ge) TR A

£880l 33 )

5o, ol9} o] Extractionyl L L& A5
Bato] =HALS 33 o] T
x10°¢

5

[ LI H ¥ I 3 ] L] !
[ freq.=0.5GHz,r,=10.2,=0.008), =Im

Im
Re

11 1 1 !_

|

g(2)

[]lll

[tlll

l E 1 i 1 A 1
0 2000

A
13 2. Extractiony A& A 48

4000

g

] T 1 Y | H H Y ]
- freq.=0.5GHz,£,=10.2,4=0.008%, ~Im

(i

g.(2)

) 0 2000 4000
gt 53], #d3 gS5Ho] F22o] U 74 A
AujAel ZAR FolA HH AL 37]' 1% 3. Extractionty 3-8 & 4HA
3 B0 2¥2= 4(7)9 3431-‘-‘?-‘??"’:: FEA
< YE 3 gl 0191' 2ol Al ¥ o]¢} Zo] £&FH GreenFg+= UHUE 34
-4 TEA MAS S A0 AR FFAM go) glo) A(16)H o] A AAP2E ALk
%"*C’] i 38 the-a) 2ol i%aq vy ole5n oju Ty $EA AMEY] 9
=_;Lf°° ok ALTALS HoF TEF HRENS b
“n ), R ‘]"(Ar){al ® }COS P W 2gest gol B9 200009 F2N £
(12) < 3 H4, AAE A 95 5 AT
:_Lf d)\h/\Jl(/\'r) +& -
=% Bor T Zijz-jwuof I;(m)f Ij(m')f g. (32", X)
(sin’¢ — cos?¢) (13) ‘ E °
| d\dz'dx (16)
F2d ¥ 05T 2o fHFeg Folxh
. — jkr - jkr
drky r 4 b freq.=0.5GHZz.£,~10.2,d=0.0082,4=1m ..
— jkr " "
+ jJo, }COS ¢ (14) - mRe -
~ b i
7 o, eIk Qg [ — jkr] =°or _-
2= Amkir { r [k_J }“ kr t=e } 2 - —
(sin®¢ — cos®¢ ) (15) ‘_4:4 i ' | , o
0 2000 4000
o 7] A A
K —k kK (K — k) O% 4. AECAHNAE & 784

(kT + k3 )?

- 221 -



SRS PR TGS 2007 FAF HE=U 3

V. 295 F9 A 2 B

TELE] BAFIAHEL G o AF4e 3
T E2A = 1¥59 Zo] s S(pole)nt £7)
H(branch cut)o] EAjgr} koot ke 742zt F7
3 FAANE F9 shgolny, MF e W
3y 7 2oz 47 TMRE9 TEREE JeR
I Qrh

Im A
{l st ﬁeld> <& far field S
o —— k.l fh‘{ ,)-L& k2
MR ) \/& Lﬁe A
Branch cut Surface wave poles
395 BaRuge) J¥AE

HEZZE AHEY 094 kotA= LA
FAM] BASE JEE JeEhn O o)Fe 2
A BAFE & Folth 53 MFY At 2
of HEEo EXdte I AMgdte ViR F
Aot vlfAgo met 2EtAA QEHVY EA
jAle 4% FAY F g aded |He
FAC diFd EHsR= AdgHs Yelx
AT

~ T F v I [ T 77 T 71

§ - £~20 ve— L=

4

£

&

4

o 7

=

g

S

G‘”& | S R U SR WU VORI LA W T I
0 0.1 0.2

/%y

296, 71we] FAC wg HAs Jo] w3

¥ FPNME HEo] Brlssina oF 3
she ARA2E HYsd @k 2Yre 43R
of EAse 3¢ dHste AE2E UsyT
on o) W TP Bobke WAREE A(17)FH
2ol §42 B 5 gon oy Hpe HA
oz H2Y & AUtk

p
9 Re A

> €&

I¥7. S-S e HER

[ra = [ o0 - e oy
N fax.—es/,\_f,\/\ep) D+ £’b+e{f(’\)+ ?\+-£A,\2p) }d,\ |

_ f/\i gA+—(-A,\2) d\ — jr {g_(2,) ;9+ (Ap)}](l,?)

P

v.d &

1

2o HAAHo] v FAA <}B A4
UGEIGE AT "ag 35v]F Green
27tdgqe g 2393, Extraction &
183l &9 It Ae]  Sommerfeld 3
9 FPEAAS N3t HHE ALEHAYD. T3
Ao FyPAL AA FXALN ] AHHeg #
3B g oj9} T2 WHe <E Vel X34
AZHE dEF 9EA2 5 ok £§ F5=F7He
HABEAR Ao EA8ts 24 & B4l g9y
2o zAGLHE FHesiFoen IHe] AHw
HE Bl AEZE9 & ¥l glojs HE
< sjdsle PHE AA ST

> o do
o op 4y 2 rfx
ol i 1%

HaZ?

e

f1] J. R. James and P. S. Hall, Handbook of
Microstrip  Antennas, 1EE Electromagnetic
Wave Series, Vol.28, 1989

[2] D. M. Pozar, Microwave Engineering, Addison
Wesley, 1990.

[3] D. M. Pozar, S. M. Voda, “A rigorous
analysis of a Microstripline fed patch
antenna”, IEEE Trans. AP., Vol.35, No.12, pp.
1343-1349, Dec. 1987.

[4] K. Naishadaham, ]J. B. Berry and H. A. N.
Hejase, “Full-wave analysis of raiated
emission from arbitrarily shaped printed
circuit tracesa", IEEE Trans. EMC., Vol.35,
No.3, pp. 366-377, Aug. 1993.

[5] A. Taektomi, K. Sawaya, S.Adachi, S.Ohshima
and N.Yaoi,"A method for measuring surface
impedance of superconductor and dielectric
characteristcs of substrate by using strip line
resonator", IEICE Trans. Electron., Vol.E77-C,
No.8, pp. 1234 -1241, Aug. 1994.

[6] 1. Park, R. Mittra and M. 1. Aksun,
"Numerically efficient analysis of planar
microstrip configurations using closed-form
Green’s functions", IEEE Trans. MTT., Vol43,
No.2, pp. 394-400, Feb. 1995.

- 222 -



