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Derivation of Equivalent Circuit Parameters Under Evanescent Field for Design
of Electromagnetic Sensers in Near Field Based on Method of Wiener and Hopf

(Department of Electrical Engineering and Information Science) Futoshi KUROKI
(Miyamoto Device Development Co. Ltd) Kazuya MIYAMOTO

Abstract
This paper presents a technique to solve fringing capacitance under evanescent region to apply sensor devices at microwave
frequencies. Main emphasis is placed on the derivation of rigorous but simple formulation that anyone can use easily. To
make the equivalent circuit, the Green’s function was introduced by using the boundary conditions, and the susceptance
for the fringing capacitance was obtained based on the Wiener and Hopf type of integral equation. It was obvious that the
derived formulation presented in this paper was simple but quite satisfactory for effectiveness.
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Fig. 1 Structure of center conductor inserted in below

cutoff parallel metal plate waveguide.
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Fig. 2 Analytical model of center conductor inserted in

below cutoff parallel metal plate waveguide.

22 BIMETILORBARTE EORREH,
[ 2( b YOREHTE 7 /B C L B E 5 & O H 134
JRMEE 0 OFEHHAND 2 HIAC B LRET S

L.z FROBEKHIA~VY R RV, (x,y) [CEDELTFD
L OITHRRTE D[4,
I, (x,y) = 9(x,y)a, (1.a)
V21, (x,y) + k2, (x,y) =0 (1.b)
H=VV- -, (x,y) + k*I,,(x,y) (1.¢)
E = —jouV xI,(xy) (1.d)

Z 2Tl YIETBEEBI~ILVY X7 M VD AT T HER, aylk
z BN bbbk B O p 3 ok L OB RGR
Thd, o, y)DERFMZK 20b)L 0BT DLy =0,

y =3 (x <0) OEIZERED X,

BROERASIEO0, F
7y =§ (x > 0) OMITHEEED X AR OBERLTITO0 &
v, TRK&HE5,

dp(x,y) “o 2.a)
9y y=0, y=%(X<0)
p(x, y)Iy:%(m) =0 (2.b)

W 2(a) DIEHTE T IV E AR BRI EM AT 5 & |
FR(C)D & 5 7 ET R’ 2 & v Y, G Bk D A5 RS
ThHZLND, Z 2 THEERE EOT— REE Vi) BIW
F— FERIX) T a, & y HEEARZ Fr L LT(Le),
(1L.DEBF LD |

a/
V(x)z_f ZE.aydyr I(x) Z%H'azdz
0

THEZbBNI D,
RS x <0 TIEMEW, x > 0 TIHREBIH= T
52 EMND, ZOEMEIEET VIZEBWT o, y) IZLLTFO
JITREIND,
@(x,y) > I coskx —jYyVsinkx (x <0) 3.a)
@(x,y) > el (x > 0) (3.b)
ZITV IFZERENx=01lBITHE— FEELE—F

U, BRER Ky IR OB RS K 0

il = ) - (3.0

ThD, B x>0 TIEEFROBEEER S E O THEBR
R L TH XV, SR OBEERIT ORI L T
WTExpdZ b, ZOFEBOREZXGCLD L 52BN T
HREIT R,

§3 BIFETILOT)—UBEHBOEH
R ox,y) ZRDB7-00 7Y — 2 BEG(x, y|x, Vo)
. 8(x—x0). 8O0 —y)&ET 4T v I DOTNVEEEE LT,
V2G (x, 1%, ¥0) + K2G (x, y|x0, ¥o)
= —6(x = x0)6(y — ¥o) 4)
TH 2 BN, ZOEREFITQ).G)B LU 3 2550,

3G (x, y|x0,¥0)

3 =0 (5.a)

a
y=0, y=5

In{G (x, y|x0,0)} = 0 (x < 0) (5.b)

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.



Gx,y|xo, o) — e~ K1l (x> 0) (5.0) U — B DO AESGE S (0, yo) WCEHT B &L €. CEFSy
-, EE LT,

. Cycosyk? =%y <)
i= ((T) - Gy 000 {Cz oG-y vz

Th D, BL y=y, TU®W,Q IT#K /DT,

xFmOWEEE(E L, BERUG,QFEALTT U — B a
Cy cos\/k? —(?yq— Cycosk? — {3 |=—vo) =0 9
HeT— U TERERT S L ' ° G-»)

® , BTN Ey; o yd Ty FAICEST D &,
GGy = [ UG ® y + )
—® dU(y' ()jl o Yo e~ J¢%o
—| +&-| Ue.Ddy=- (10)
ZHER@IRAT S & [ dy |- Jy; 2m

BN 2 HITU (y, O OERMEL Y 0%,

Cy siny'k? — {2y, + C sin/k? — {2 (%—yo)

® (d*U(y, .
f { d;); O+(k2—§2)U(y.€)}e’<"d€

=—8(x —x)8(y —y0) .

InlicInE 77—V BT 5 L B e—J%xo a
o fkE—¢2
2 _ , K(9) & K(11)Z N L TC,, CERD, ZNEX@ITIUAT
V9D | 42 - 2wy, 0y = - 2920 oitxs (7 e ‘
dy 2m Br. RdpREZ) - EEIIREG) LY FRICAR S,
s o
KK T D FRGEREROMIL, SERFGEEEL, 7
1 fwﬂ'n eJ§(x=20) cos\/kz——(z(%— yo) cos/ k% — {2y ( )
- al y<y
2T ) oot jn \/kz——gzsin k2 —{%a 0
G(x, y|x0,¥0) = , 2 a (12.2)
|1 et eJStx=x0) cos\/kz——zzyo cos\/kz——fz(i—y) 07 (3> o)
| _2_,[ ' 3 Y=Y
k T —00+jn \/kz——(zsin‘,k 5 { a
AL
2m\2
0<n< (;)—kz (12.b).
ORI 4R THEFEFE (12BN T x—x >0 D i TR D LD S ) — BB
LA DE C+C IZh>T, x—x<0 OHBEX G(x, y]x0, Vo)
Co+ C\TIr» CTHERST 5, Milin 2 HRME LT, _sink(x — xp) —sin klx — xq
+k (13.a) ka
(Z 2 2 [ee} 2 2
4 |(55) —we (13.b) 2 & e ) Kl gun opg y
+E; ) COSTyCOSTyO ( )
T D, WEMZITR3.0OMmIK 3 OEREEET D ——)‘k
fa, ABbFE= ARy MNIEET DM E 525, ERkED,

K(13.2)8 L OXA3bTZENEN ALE L P— L O T
HHZLICHE L CHEBERS BEEREHEAT S L,

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.



1Y
o a/z 77777777777777777 "
—00 « i o (x0,0) i - +oo
1 1
0 X ’
Electric Walls Z

Fig. 3 Boundary condition for Green’s function.
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Table. 1 Calculated normalized susceptance at edge of

center conductor in below cutoff parallel metal plate

waveguide.
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