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Abstract

In this study, the capacitances of strip transmission lines of various thicknesses and widths were accurately calculated using the
mode-matching method. To perform the mode-matching method, a strip transmission line structure was modeled, and the potential for
the analysis space was expressed by applying the Laplace equation and the principle of superposition. Dirichlet and Neumann boundary
conditions were applied to calculate the mode coefficient included in the derived potential expression. Additionally, to verify the validity
of the mode-matching analysis, the convergence of the potential for a specific location was confirmed, and the analysis results of the
mode-matching method and commercial simulation were compared. Using the verified mode-matching analysis, the change in capacitance
according to the thickness and width changes of the strip transmission line was investigated, the capacitance was calculated using the
approximate equation, and bar bridging and analysis were performed. From the analysis results, the capacitances calculated using the
approximation formula differed depending on the structure of the strip transmission line. The structure of the strip transmission line
that needed to be calculated by rigorous electromagnetic analysis was confirmed. This differs from a previous study in that the
mode-matching analysis can precisely predict the capacitance corresponding to the geometrical variation of the strip transmission lines.

Key words: Strip Transmission Line Width, Strip Transmission Line Thickness, Mode-Matching Method, Fringing Capacitance,
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j
)
i
s
rlo
2

sty 71 2AFA LA Jste] ATHUR

QtF et A+ 8K Department of Electronic Engineering, Andong National University)
- Manuscript received November 11, 2023 ; Revised November 25, 2023 ; Accepted December 13, 2023. (ID No. 20231111-097)
- Corresponding Author: Jaeyul Choo (e-mail: jychoo@anu.ac.kr)

890

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial

License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



.M 2
2EY 54 Z(strip transmission line)T 273 ¥ v}
o)Zzs 452 Aka] A8 ALEE A5NE

shjolwl, 19 13} o] 24 ZE] Urlew), FAO,
2 AR 2B S A AR, ALH
(L), A0, ARA2(G) dhol AHH o] 4
Sl £20, he AAE B4 dIHLAE 2
2EY ASARE WA AdNE 2EY A5A
O~

Q)
o ol wE AE, JYHL, AAEL, Y™
o #AE EAEof gl

T3 10 AAE A o] 2EY AFA R 794
Aas HP Aol g B3 7|9 A e 2 (paralle] capa-
citance, C,)°F Z&% A A ¥ X (fringing capacitance, C))
2 AEY, F AMARAE 24 4 (1) 3 A4 Q9 2
o] ZHHTHM,

o

C, :sﬂ:ZS,,sﬂi
b-t -y o)

c, i[lzym[l +11y}—{11y—1]1n((1_1y)2—1}.}

when £ >0.35

e )

A1) 2 A @AM y=t/b, z=w/bolH, A Q)
x/(1—y) = 0359 7ol Fasich T2 C}g: A2 3
=4 (2)1: A3l 7o) ofd 2AEE S TE= 1

3 Region Il + ¢,

w

A 1. 2EY AFAR 72
Fig. 1. Configuration of a stripline transmission.

A4jol7] WRol, AR ANA LG QAT WA 5
Ak 53, 34 2EYS] FA AR E 3%, G2l o)
Z7hgel whek 4 ] 9@ dZeas 2ot T4,
F4 2EYS A7k FHORVE 54 228 M
A% A o5 AN E 2
Aol AT weh B =RAE 2EY 4542

l
AN FZE urd3 &

H
H
slo] FE REAY Yo FEAS AT

=
Hd
[N

M

QE
Hd
UL
on

=
>
1>
el
et

o
do
ot
[
|t
2

= g 2
r_?LS bl
o
N, 2 oy
S
4,

2 ool

)«

Il
n
T
(e
I~
B
i
=
~
E)
Y
—n
E 2

mx

ja3
%

o) o ® FAdETh g TI9 1o 18
o gE Faks BAA Ao /Mo, B
S ALt A I8 13 2o] HA s H@n‘”g‘?ﬁ
470 ¢] AF °§°f‘|(eg10ns I-He=z *ﬂv‘f‘i}cb ‘:}
TUHQ) EFANE BEahs
Agstod 2T 5 U2
He 759 QI7bE A B
(superposition principle)E& 28
2¢ 99 1o W 22 Z’—SJ
fEst7] 9% 2E9 A
OI7}E A G2 A-(V=0)
AS(V=N)E case a® case bZ JERY AT} =0
case a®l 7%, =03 =l AAEAA 2RA(D,)
B5F 0 VZF =M, =3 =l AR A = 22 G
M4 Vel ZrlAE (D5, 8t D) Z2obof Fhet B3 )=
<l case b9l 7= 3 =% 73 AIHAA 2RI (D))
& ZH2 0 VR Vol =,y 3t y=8l AR M E 72
7t Q9 M Vo ZelAd(Ds,9 Oyt 2otok et F
THA L&y 3 y=9,Q] ZAAIE S BF AEE ASE 7}
Aatgith Wt 99 [oM BESgA R0 R f
= case aS} case bS] EENE FH 2o A et A H A
o] ¥Rl ALZ AL HL35H, case at case b ‘:H

et XA 284S 4 3) B A @ 2ol &

rﬂ
_EL —
FN
rlr
Ny

1>
2,
mﬂr&“*
2 L2 )y o2 o ox v & omx BN

oy 7

o ofy o

i m> oX
R

2k

ol
o
32

N rio
ofr
o,

[T

-\o
32 o

r

[N T )

o 2 op
N

[
Im
o
o
2
o
o
o

18 flo ro 0 H &
)
i

891



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 12, December. 2023.

X=Xa

(D]IIa D) (I)la Dp(x,)= |(D[Va
|
A—Al
y: y 1 y: y )

(a) Case a

X=X

|

O()=1V [ Dpyy,
|

|

X=X1

y=n y=n
(b) Case b

29 Q)

Fig. 2. Superposition principle applied to region I.

a8 2. 99 I 48 =

@ % 9

FE8 case ah case bS] EHH FANS FH9
(@00 HE3E, A ()8 FAM 99 19 4
F 94 B34S HET & g

Orax.7) = Zsmﬂma(x x)(An "+ B, ) ©)
D,,(x, ) = , _x])(x—xl) “
P, (x,y) = ismﬂw (x —xl)(AmLe_ﬂ”’l‘v + B"ﬁeﬂ"“')
+(x2_x1)(x ) (5)
4.0) %A ©9IA g, = ol
1

F9 M9 Zed 2HAE g9 T Fad 284
FEHG I FAE, BEEke WA, AAzRA

o Q72 Agste] $EF 4 Yok 7 9, o [ N
o ¥HA T84 9N % 29] case a%t T I =
BaAlA FE 5 vk 99 1-Ne) 264 2844 o)
3 B} A e = A —‘:,'——|(Append1x)°ﬂ A Al A

T 8243 75 4 (Al)

I~ IM ¥eld 534S A
HEH, Ay, But, o sz, s m4i ‘_IL HF oM B
TAF7E EA g Y REAT e y—y1-‘)r V0
o 1] Dirichlet?} Neumann 7374]§_Zﬂ < Agsto] ALt
S8tk 24 (6) 2 A (1) 77t y=,0l M€ Dirichlets}
Neumann A Z7AS Yepdh

0 . xX<x
Q, (.x,y)‘v_‘:}2 . X Sx<x,
(l)l,H(x,y)L:y2 = v, . X Sx<x
O, (x,y)L_y2 . X Sx<xg
0 , X, <X (6)
60, (x,y)‘ _ oo, (x,y)|
<x<
S N ()
—x,
Z E, — s
= 2 g
Z A qe_ﬁ”“‘yzF(xl,xz,xz — X, XX, — X, %)
]’ifl
B V.
—Z B, e TF(x,.%,.X, — XX, . X, — X,.X,)
my=1
- —Bun V"
—Z C,e " (X,X,, X, — X3, X5, X, — X, )
my=1
. B ¥
—Z D, & F (%, %, — Xy, %%, — X,,X,)
my=1
i @
—j ’ Z — L (x—x)sin B, (x— x,)dx
Tom=1 X — )
4
,71((:05 B, (x;—x)+cos B, (x, - xl))
B,
. oo
V. .
+J' ) (%, —0)sin f, (x— x,)dx
5 i (6 —X3) ®)



x @
j 3 ~x)sin B, (x - x,)dx
s Mmy=1.3.5.. (x4 xa)
~ B ¥ By vy \ T
+Z ( ml - mle * ) é amlr;q
JJJI

_Z ﬁnjEmge P F(x DXy Xy = XXX, =X, X)) =0
mz =1 (9)

A ©F A MO S A7 [T s =)z

9} f )sm

#8402 (9)»3— Ag & Y

AA
my MoTt
A8 2 A O 8, =g, =
4 3
MaTT NaTT b
B, =B, = F(a,b,c,d,e,f):fsm—
my Iy Xy ny I, I « c

(x— d)sm7( —f)dz°l™, 6+ Kronecker delta®]T}.
A @) %A OF T I A =T =
o] ZAA A thg YA Dirichlet} Neumann 74 A =7
= A&t e F7HAQ BN S 2T F loH,
TFAAR F4E F=59 4 (AD)~4 (AIDE A A3
o webA AAZACRTEH F oo WA 74
A9 e Y L, AT dERAE E
o 6702 REAIS A, But, Coos Duns Ens, Fru®l W3F 7
A Al k& A 4 9tk E,Eﬁl- AAE 67 REA S

@ T8 ZAN0) e, 24 dolo] Wd xay
2 A9 ANT & Aok FHHE A (102 o3
W A (1)~ 4 (14)9) 2ol 7t ool tha A oA A
W 4 ol
_ _ [~ 90(zy) | ~ 00(x.y)
E=—V0(z,y)= a, 2. +ay By (10)

EII = Z/j‘m1 cos,Bm‘ (x*xl)(Amleiﬂm‘y +Bmleﬁm‘v)
14
Iy Iy (11)

EIH:*Z[?W cosB,, (z—x,)(C, e Bt 4 D )

oy My
Moy

"

a XLy~ g (12)

2EY A4H9 A0 P REAT B4
\! Zﬂ)ll3Ei)lse e COSﬁm (xixl)
(13)
B s, (v )
(14)
mL MoT
2 (1)~4] (1)l 4 =—1 =2
S0~ (414 8, = 8, =
Mo NATT
Bmg = j > Bm = i O]E]-
Ly Xy Ty T I
Il 2EHE A
AR} 40l slol REARES AR S AAA 5
e e A% 249 FIlY REE AL
g Slvke Holtk webd REAS & A4 ol gk
SRS REATE o83 A1 BANA 71
A glstofof gtk & AFAE 99 T~N Wil
Ao AAE AL, G AR AN RESF St ot
& REAY e $Y4E G 18 3 4
[~ W5 54 XA 23 2elld ] FHAS
HoAFw, RES7} S71etl Teldo] 543 o
2 FPalt AL BAT + Atk )P REAT 4]
Aol FUAL HEAT A4S FAE W fEe
RESY TSGR 319 4348 A4ARE 9L 5
ke A olvl B
0.9
0.841 i
0.78 . .
—— Py in Region 1
— 0.72F —— P, inRegion I -
—— P; in Region III
= 0.6 PrinRegion TV |

n‘]S
2 b2 Br=04y=0) ]
048F E° . pe ]
S =
042 2. [~ |
7 —— 4
0.36 J-coordinate (m) ]
03
1 2 4 6 8 10 12 14 16 18
Number of Mode

18 3. 2 9949 2A4 £34

Fig. 3. Potential convergence in each region (w=0.4 m,

b=1 m, =04 m).

893



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 12, December. 2023.

T REAEE A HsiAl, I™ 34 &
Qg Bdo) th3t FeH RIS AL A EFOEY T
SRS ot Anteton, mEH XA FX
£ nust, REAF 49 Fas AR

OI9 48 A8 AEHoHSY REFFHOE ALtket
YA B AFHE HoFH, 19 49 X204 227}
10 71202 NE FAKE 3718 7 A S o F
T A& & T Ak wEbs LEFFHEE o] §35te 2E
H ASHNEE AR NS 7S, & Alsdel
B9} frAket dlM AEER A4 548 458 &
A AoE et}

o2 A5H R M s S8t 2EH A
FAR] FA g ARAEL WS ZARIA T A
HARLE A (159 2ol T4 2EHE S8 7~
% H(Gaussian surface)ol] thst At ALt & =&
H A A7t UL R Yol At 7h-~
EHS Pste TA 2ER o 7k "ol dajae
2 (16)~2] (19 2ol =™, 013 Orel &34 Ou

& Ol e 7HARCE Y] e AAEXA G,
E01/V+QuI)S ZAA ANATE L G (=Qu/Vi+On/V7)
g AAtsdth

C,= ;_q}cp_.ﬁdl - %q@((—qun)-ﬁdl

x-coordinate (m)

-0.5
05 04 03 02 01 0 -01 -02 -03 04 05
y-coordinate (m)

28 4. BERY R REAEICIA A48
Fig. 4. Stripline analysis of mode matching and commercial
simulation (w=0.4 m, b=1 m, =0.4 m).

894

- =B, B\
Q,Z—eZcos(mlzr)(Am‘e ‘—=B,e )" —¢")

m; =1

B (-u)
Xy T Xy Y2 (16)

- =B, B, 2 1
Qp=¢ Z <Cm23 Z—sze ')(ey _ey)

my =1

P
2, 2 0 17)

sing,, (z—x;)

_ —B. Y
Qu=—¢ Z E, e f

my=1 Zy (18)
Q=c¢ ZlF%eﬁmdylj‘x;‘SianA(x*11) (19)
mi mom
A6~ (914 8, = 8, = =
oI, PXy T
My na
B”% N z,—x T oz, It

A 7l Wstel] e G, GE &

A2 REARHOR AMs A3E HolFErh I
5@l AMAE AAYE REATYHOZ AXE G, 7 A
A0 A CET oA 22 e 7HeH, /b7 0.1
oA 0625 F7Hetol whet e Zbol= 3.4 pFolA 32
pFE Zast3ith GO 7%, 18 5b)ell AAE 2AAE
tb7F 0.191A41 0.681 kel A REAAHO 2 A G
7F AR 02 Alaket GRY oF 42 pF 2 S 7HATH
kA A (1) 2 A Q) Ate 8 GE &84T A,
TA ZEJ 9] FA0 wE AAIE L 03t %_“Es}ﬂ#,
olg et Axte HAFAR EA(, 54 o) I3
& WA F S Aor ddd

I9 62 thoket ynjot FA T4 2EQE 2 &
EY AFARY G AHE BTtk T8 6@ 47,
21 2002 o] AR F REAIHOE AN GO &
AH&(%)= UERdTH

MMM _
Error(%) =~ %100
cer

01714 sk cime 247} A Q)9 BEAFROE
AR 209 AR AL, 18 6@ FAL 5



21.4
T 2004
£ 1868
[
0 17.32
c
S 159
Q
@ 146
Q.
T 1324
E 11.88 = Formula
@© 1052 —— Mode-Matching
©
o 916

7.8

0.1 0.5 02 025 03 035 04 045 05 055 0.6
tb (m)
(@ B 7AsAEA
(a) Parallel capacitance

10.7
i 9sot
[oX
~ 9.08f |
)
2 s |i
= 746t
2
3 6.65F
3 584t
g’ 5.03f Formula
Eﬂ 422+ ——— Mode-Matching
T 341t

26
0.1 0.5 02 025 03 035 04 045 0.5 0.55 0.6
/b (m)

(b) B APAH X
(b) Fringing capacitance
I8 5. FHAEY TA wslel 12 BEARYS 5
29 AWML GO G
Fig. 5. Capacitances C, and C; derived from the mode
matching method and while the thickness of a
center stripline changes (w=0.4 m, »=1 m, 0.1 m

<t<0.6 m).
ol T4l 2E-FS] FATE FARTE LAkl HAa
o™, wh=0.3251 #b=0.12 73$- 49.58 %2] 714 =
< SAES 7MY meEbd O 62 Ade S T
A 2EY 249 GE AN A, A2 GE B 49
3] Axbely] flsiAe gEe AArlEde] st

A& ek I8 6b)= ol Gt AR 8k Bl
1C) S ZA1E A3E HAER HoFt 18 6b)E 7
ES 43, T4 2EQY] FAZ T4 Yt HeF
2 GIC7F 718, wib=0.60] 1 t/h=0.6% 7%l
1248 %9 7V¢ =& G/Crg 7HA T wEkA 1" 6(b)2
A F ANANEXGHC)E AN A, T4 2E

Unit %
49.58

46.34
43.14
39.94
36.74
3354
30.34
27.14
23.94
20.74
17.54

w/b
5

701 045 02 025 0.3 035 04 045 05 055 0.6
th
(@ 2} () BEvid sl o w2d Zey ARAEs o
(a) Error between the fringing capacitances C; derived from
equation (1) and mode-matching method

w/h

.32
0.1 015 0.2 025 03 035 04 045 0.5 055 06
/b

(b) AAEFel g =3 AvA ez v G
(b) Ratio of fringing capacitance C; to total capacitance Cr
18 6. neEd 729 B4 229 P2l OF G
£
Fig. 6. Characteristics of C; while the geometry of the
centers stripline varies (0.32 m<w<0.6 m, b=l
m, 0.1 m<¢<0.6 m).

"o FAS |H7b F7ketel wet G/Crol 7R E

G ot AgsiA Astsiof stk S 4dFth
I8 7 38 AEdolHs REATHOE AL

7 21 4-3K(total capacitance, Cr)= H|slo] Kol AHE

AledlolHet REARHY] AHE i

QN ol FAFY AAR =FE CF REAH

895



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 12, December. 2023.

Fig. 7. Capacitance characteristics while the geometry of
the centers stripline varies (0.32 m<w<0.6 m,
b=1 m, 0.1 m<¢<0.6 m).
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Total capacitance (nF)
wib N:;Z:zzal Formula | Simulation Mociz—(;llzzhmg
0.25 0.0586 0.0615 0.0624 0.0438
0.5 0.0802 0.0849 0.0863 0.0688
1 0.1221 0.1298 0.1324 0.1149
2 0.2087 022 0.2182 0.2062
5 0.4795 0.4929 0.4473 0.4799
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