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Abstract -- Exact propagation eigenmode for stripline with
finite thickness is important for practical design of MIC.
So far propagation eigenmode for stripline with zero thick-
ness is given exactly by conformal transformation method,
but not for that with finite thickness. In order to treat this
problem analytically, lateral equivalent network in general
is derived and applied to obtain equivalent network of
stripline structure along horizontal or vertical direction.
Equivalent network for two direction are different, but
gives same propagation eigenmode, which demonstrate the
usefulness of the derived lateral equivalent network.

[. INTRODUCTION

Stripline is an important transmission line for MIC system.
Hence, exact propagation eigenmode (propagation constant and
field distribution) for stripline with finite thickness is strongly
needed for rigorous analysis and synthesis of practical stripline
circuit. So far propagation eigenmode for stripline with zero
thickness is given exactly by conformal transformation method,
but not for that with finite thickness. In order to treat this prob-
lem analytically, lateral equivalent network is derived by mode
analysis/planar circuit theory/mode matching method™ ' and
practically applied to the calculation of stripline with zero thick-
ness. Agreement of the calculated result with exact one shows
the validity of the derived lateral equivalent network®.

In this paper, lateral equivalent network is applied to obtain
equivalent network of stripline structure along horizontal or
vertical direction, where stripline cross-section is divided along
horizontal direction or along vertical direction as shown in Fig.1
(a) or (b). Each equivalent network for two directions and for-
mulation of the eigenvalue equation is different regardless of
the same structure, but must give the same propagation
eigenmode. Practically eigenmodes are calculated by two ways.
Calculated propagation constant and field distribution are com-
pared and agreed, which demonstrate the usefulness of the de-
rived lateral equivalent network.

II. LATERAL EQUIVALENT NETWORK

In order to calculate propagation eigenmode based on lateral
equivalent network, cross-section of stripline is divided into
three uniform regions and two step discontinuties as shown in
Fig.1 a) or b), which is again shown in Fig.2 and Fig.3. Then
each region becomes planar circuit whose field can be given
by solution of TE/TM height mode corresponding planar cir-
cuit equations. By the way x-y dependent 2D planar circuit
solution becomes x dependent 1D transmission line solution
because of € *" dependency along waveguide. Further more
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a) partition along horizontal direction b) partition along vertical direction
Fig.1 Stripline structure and partition of its half cross-section by two ways

each height mode of neighboring planar circuit is coupled,
and their coupling can be expressed by ideal transformer bank
and mode conversion current source.
A. Planar circuit equations

When TE/TM height mode function f{z), g(z), #(z) and eigen-
value corresponding to transverse propagation contant are
given, planar circuit equations for each mode are given below.

gradV(x,y) = —jXJ(x,y) )
divi(x,y)=—jBV(x,y)

where planar voltage V(x,y)/current J(X,y), planar series reac-

tance X/planar shunt susceptance B and planar characteristic

admittance Y /propagation constant j, are properly defined in

Table 1. Height mode function for the structure of Fig.2 and
Fig.3 are given in Table II and 111, respectively.

B. Lateral transmission line for Uniform Regions
x-y dependent 2D planar circuit equation given by eq.(1) be-
comes x dependent 1D transmission line equation because of

e P dependency along waveguide.
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Hence, equivalent network for three uniform regions in
Fig.2(a) and Fig.3(a) are given by multi-transmission line of
TE/TM mode as shown in Fig.2(b) and Fig.3(b), where propa-
gation constants and characteristic admittance in parallel(y)
and normal(x) direction are given by eq.(3), respectively.
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TABLE I Definition and Parameter for Planar Circuit
TE(H) mode TM(E) mode

VE(uy)= Hi (x,y)- dIA] VEi(xy)y=—El(xy)-dlV]
Jo (5, y) = kxHE (x, )V /m] T2 (x,y)=H(x,y)x k[4/m]

BY = ou, [d[S[m"] BE = we, [d[S]m*]
X7 =(Bh) dfou,[5] X7 = (B, dfwe, [

B =X/ BZ[rad m] BE = JXPBE [rad | m]
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C. Equivalent network for step discontinuity
Continuity of tangential field at discontinuity gives follow-
ing mode coupling equations in matrix form.
(1) Coupling for horizontal partition case (Fig.2)
VlH,2 :(FSHlH)tv3H,1 J3H1 3H1 _F3H1H(]1H,2

V2 (A ]iH,l _
VSE,] . (FIESE)tVIE,Z + (FZESE)tVZE,Z
{Eﬂﬁﬂﬂl=Fﬂwdﬁm—f“) (a=12)
(2) Coupling for vertical partition case (Fig.3)
YREL (FlHZH)tV1H2 jin _j\H2 _ ppud (J2H1

V2H,2 (F3H2H) V3H1 =F3H2H(JEH,2

er,z)

SHL _ paH2H (]iH,z _ l~2H,2)

“)

2H1
)
S3H)

T3H]1
JIT =1

T2E2
ST =

_ 2y

5
VIE,Z - (FZEIE)tVZE,l
V}E,l — (FZEJE)tv2E,2
where mode conversion current is given by eq.(6).
H = YiHiEviE ]nOH szEYCz;E/’ (6)

YzEzH (]n )

From these relation of eq(2) through eq.(6), equivalent net-
work for step discontinuity for two cases are shown in Fig.2(b)/
Fig.3(b) or matrix form in Fig.2(c)/Fig.3(c). Practical mode
coupling and mode conversion coefficient for two structures
are given in Table II and Table III, respectively.

leE,l - FZEIE(JiE,Z _ lle,Z)

JiE,Z _ Z'ZE,Z — FZESE(JEE,I _ Z'SEJ)

yHE _

E - YiEiHviH

[II. FORMULATION OF EIGENMODE EQUATION

Based on the lateral equivalent network given in Fig.2 or Fig.3,
eigenvalue equations are formulated for two cases.
A. FEigenvalue equation for horizontal partition case (Fig.2)
When we assume that TE mode voltage at port 1 of region #3
and TM mode voltage at port 2 of region #1 and #2 in Fig.2 are
unknown, eigenvalue equation (7) in Table II is formulated.
B. FEigenvalue equation for vertical partition case (Fig.3)
When we assume that TE mode voltage and TM mode cur-
rent at port 2 of region 1 and port 1 of region 3 are unknown,
eigenvalue equation (8) in Table III is formulated.
Through the formulation each immitance matrix are derived
by the equivalent network given in Fig.2 or Fig.3, respectively.

IV. CALCULATED RESULTS

Propagation eigenmodes of stripline are calculated by solv-
ing eigenvalue equations (7) and (8) corresponding to differ-
ent partition in Fig.1, where number of height-mode is taken
as parameter. Through the calculation electric wall at outside
and electric/magnetic wall at center is assumed in Fig.1.

A. Convergence with height-mode

Propagation constant for dominant mode is always 8, = o/eus

regardless height mode number. That for 2nd mode is calcu-
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Fig.2 Lateral equivalent network for horizontal partition case
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(c) Vector representation
Fig.3 Lateral equivalent network for vertical partition case
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TABLE II Circuit Parameters of Equivalent Network and Figenvalue Equation for Horizontal Partition

z-dependent function (#i=1,2,3) Mode coupling coefficient
TE(H) mode TM(:E) mode I _ J‘ g (Zs)le (2)dz, F1E3E J‘ ST 18 (1) f 35 (2,)dz,
f‘H(Z) \/ESIHTZ f‘E(Z) \Fcos—z
i FmSHmzH — J‘ 35 (ZS)fZH (Zz)dzz FIE3E _ J‘ g (Zz)fsE(Zg)de
S GE ﬁSIHTZ g (Z)Z\/ECOSTZ
i i Mode conversion coefficient (#z=l 2,3)
R (2)= M \[2cosZE 7 (z)=-2E \/:sinﬂz ,, -
kod; d; n kod, ¥ d H;E:nH . J' : zE(Z )h‘H(Z )z, Hff J' g‘H(z )h‘E(z )z,
Eigenvalue equation for horlzontal partition case
FlEsEfsE,l (FIESE)t FlEsEfsE,l (F 2E3E)t _pIE3EY 3B | yIBH (F 3H1H )z I}'IE,Z 0 0 Y1E2
FZESEI_;?”SE,I(FIESE)I FZESEI;ZTnSE,l(FZESE)t _FZESEyféESH +Y2E2H (FSHZH)I _ (‘)” I;ZE,Z 0 VZE,Z :0 (7)
F3H1HylH1EZiy3H3E(F1E3E)t FSHZHyZHlEm_YSHSE(FZESE)I _FSHlelH,Z(FSHlH)t_FSHZHYZH,Z(FSHZH)I 0 OmiSH,l VSH,I
TABLE III Circuit Parameters of Equivalent Network and Eigenvalue Equation for Vertical Partition
z-dependent function (#i=2) z-dependent function (#i=1,3)
TE(2H) mode TM(2E) mode TE(:H) mode TM(E) mode
Ho=¢"@s= «/Esinm—ﬂz fE@=g"¥@)= \/_cos—z =gl ()= \Esm(m + ;)ZZ @)= @)= \Fcos(n +%)j
. b2
B ()= ZZ’T ZCOS%”Z th(z):— hm‘H(z):(m )(ﬂcos(m+§)dlz hf(z):_(n+%)\]/€i Sin(n+%)d£2
02 2 i 0 i
Mode coupling coefficient Mode conversion coefficient (#i=1,2,3)
2 181, 1 di L
ke j B )£ (2)dz, From 1 jdz H (1) 2 (2,)dz, HE == 8 @by @),
% & am L pd ;
FREE _ 1 J' 2E (Zz)flE(Zl)dZZ F2E3E _ 1 J' ZE(Zz)fSE(ZS)dZZ Hmb,TnE _ zJ‘U gf (Zi)hnE(Zi)dZi
Eigenvalue equation for vertical partition case
_FHE yi2 g g ¥R 0 -y o T&E#yY o o o )}‘ZLHJ 0 0O V2
0 FEEY 0 0 0 zZ o ZzE|-Y* -F*F 0 0 0ZFo0 of||sE2] . 8)
0 O —p3H2H _y32 —Y321H 0 Y323H 0 0 0 (F¥HEy o 0 0 )7131.“ 0 VIEL T
0 0 o @®Ey| 0 ZE 0 ZE| o o -y® —FFE 60 o5 || Lo
lated and shown in Fig.4 as a function of considered height- E5E o581
mode in region 3 for case 1 and Region 1 for case 2. Propaga- 2nd mode osso
tion constant always converges to a certain value with height 055839
mode for two cases. They converge to the same value regard- 0.5588 isss
less of different equivalent network parameters of two cases. g 059837
B. Calculation of propagation constant F (550 o0
Frequency characteristics of propagation constants for mode = 039539

up to 10th are calculated and shown in Fig.5. Agreement of
the calculated results by two ways is good.

C. Calculation of field distribution of lower mode

Field distribution of the dominant TEM mode and 2nd mode
are calculated by two ways and shown in Fig.6. It is interest-
ing but is matter of course that calculated field distribution by
two ways are the same.

V. CONCLUSION

Propagation eigenmodes for stripline are calculated by two
different partition but similar lateral equivalent network. How
to derive the equivalent network for partition of stripline along
horizontal and vertical direction is explained. Two equivalent
networks are applied to the analysis of practical stripline. Agree-
ment of calculated results by two ways can demonstrate the
usefulness of the present lateral equivalent network.
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Fig.4 Convergence of propagation constant with height-mode
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Fig.5 Frequency characteristic of propagation constant calculated by two ways
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A. Calculated results for horizontal partition case B. Calculated results for vertical partition case

Fig.6 Field distribution of the dominant TEM mode and 2nd mode of TE calculated by two ways at 20GHz
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