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Analysis of Propagation Eigenmode for Stripline based on
Planar Circuit Equations and Lateral Equivalent Network

Akira HIROTA Takaharu HIRAOKA Jui-Pang HSUI
Faculty of Engineering, Kanagawa University Yokohama Japan

Abstract - Stripline/microstrip line is an important
waveguide component for MIC. Theoretical treatment
of propagation eigenmode for stripline/microstrip line
of infinitesimally thin strip has been established. How-
ever, theory for thick strip line is not yet established.
In order to treat propagation eigenmode of stripline/
microstrip line with thick strip, rigorous eqnuivalent
network in the lateral direction is derived based on
mode analysis and planar circuit theory. Derived
eqnuivalent network is practically applied to the analy-
sis of propagation eigenmode for stripline of any thick-
ness with success.
Key Words - stripline, planar circuit equations, lat-

eral eqnuivalent network, propagation eigenmode, num-
ber of considered height mode

I. INTRODUCTION
Stripline and microstrip line shown in Fig. 1 are impor-

tant waveguides used for microwave integrated circuit
So far stripline or microstrip line circuits as been prac-
tically designed without any serious problem even theory
of these waveguides is incomplete. The reason is the in-
complete theory has been covered by practical measure
ment. In order to carry out the exact design of micro-
wave circuit by computer rigorous calculation method
for propagation eigenmode (propagation constant and
field distribution) of any stripline thickness are strongly
needed. However, exact treatment for stripline and mi-
cro stripline structure are only available for infinitesi
mally thin strip i e exact analysis for the former is car-
ried out by conformal transformation and reasonable
analysis for the latter by spectral domain method.
By the way practical stripline has always thickness,

whose theory is still incomplete. In order to treat stripline,
microstrip line having thick strip mode analysis is ap-
plied; parallel-plate planar circuit is introduced and the

(a) -trinpline _(b) Microstrip line
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Fig.1 Structure of stripline and microstrip line

equivalent network in the lateral direction is derived The
equivalent network so far developed is applied to the
calculation of propagation eigenmode for practical
stripline of any strip thickness with success.

II. PARALLEL PLATE PLANAR CIRCUIT EQUATIONS
In order to calculate propagation eigenmode of stripline

having any thickness shown in Fig. 1, half structure of
stripline is divided into three regions as shown in Fig. 1
(a'). Then each region can be understood as parallel plate
planar circuit, whose field can be described by summa-
tion ofTM mode and TE mode in the parallel plate pla-
nar circuit Field distribution of each TM/TE mode is
given bh z-dependent function and x-y dependent func-
tion as shown in Table 1 based on separation of variables
and definition of planar voltage and planar current den-
sity zdependent function gives mode function in height
direction and x-y dependent function becomes planar cir-
cuit equation where related network parameters are also
defined or given in the Table 1.

Table 1
Separation of variables for field distribution of parallel-plate planar circuit (n, = I e [Q], ko = h )

(a) separation of variables (b) z- deendent function (c) x- dependent function
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11. EQUIVALENT NETWORK IN LATERAL DIRECTION

In order to calculate propagation eigenmode for stripline
structure systematically, equivalent network in lateral di-

rection is derived based on parallel-plate planar circuit
equations and dependency of e- flHY along waveguide. Also
half structure of stripline as shown in Fig.2(a) is analyzed
because of symmetrical structure.

A. Equivalent networkfor uniform region
Assuming that the field varies with e-jHY , i.e.,

V(xy) V(x)e anrd Jx,y) (Jx(x)J(x))e H x-dependent

planar voltage and current density for each mode is given

by the following transmission line equations( 1L),
IdV(x) jXJ(x)

dx

dJ(x) =-j t

dx X

Hence, the equivalent networks for three uniform regions
in Fig.2(a) are given by multi-transmission line of TE/
TM as shown in Fig.2(b), whose phase constant and char-
acteristic admittance of parallel(y) and normal(x) direc-
tion are given by eqs.(I) and eqs.(2), respectively.

-= Y P/ , CY = (2)Pt Pt
When Y,,, is given by eqs.(2), current density ofany mode
along waveguide is given by eqs.(3).

J'x) =Y V'(x) (3)

B. Equivalent for step discontinuity

Continuity of tangential field at step discontinuity gives

following mode coupling equations.
(F )v -P F,VH( - aH)
3Ha3)VaE aE _iE E3E (jj3E 3E) (4)

vv(F_

where mode voltage, mode current in normal direction

and converted mode current at both side of step in each

region are defined in column matrix with proper suffix

meaning port of each region and TB/TM mode- suffix

'a' means combined mode of region and given by

the following column matrix.

,H
=
alH H _

liFHH8 i3H E3
IE

i3H _ liEaHJa iaH E

JV-H j2 VH 1 - VE1 EJ

v3I IFEEta JaI ia FE3{3 i3E (4

Mode coupling coefficient giving mode coupling ma-

trix are defined in Table 3 Converted mode current col-

umn matrix i in eqs.(4) are given by product of mode

conversion admittance given in Table T and mode uolt-
age as shown in Table 3. Eqs(4)#(5) and Tables 2 /3 will

give equivalent network- for step discontinuity, which is

given by multi-port ideal transformer and converted mode

current source as shown in Fig.2(b). Therefore, whole

equivalent network for half structure in lateral direction

is given by Fig.2(b), or Fig.2(c) in vector representation.

Equivalent network given by vector representation is con-

venient for matrix operation of analysis which will give

propagation eigenmode. Through the derivation of equiva-
lent network in the lateral direction following relations
are used, which are easily proved.

H3HIE =F33H'H HIE H 3H2E F 3H2HH 2HV2E
HIE3H FIE3EH3E2E H2E3H F2E3EH3H3H (6)
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(c) Vector representation
Fig.2 Lateral equivalent network for waveguide
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Table 2TE TM mode converted admittance
yaHaE an0HHaEYEya HE inH3H 3Ey3EY = ji7OH YC/ ,Y3E = ji7oH YCll

y aEaH 1 aEaHyaH y3E3H 1 HEHy 3HI

H c// '33 = I c//

yYaHaEvaE i3H Y3H3EVE JaH yaHvaH j3H y3HV3H
YaEaHVaH i3E y3E3HvH JaE yaaEVaE j3E =y3Ev3E

Table 3
Mode coupling and conversion coefficient

Mode coupling coefficient

3FHIH dj g3H( )3flH( )d F3H2H =d g3H( )f2H
3 3

d, d~~~~~~FIE3E _f'()fgE(f )dz F2E3 | g2E (Z )f3()d 2
di g\ 3)z1 d2 fo, g 2 Z3dZ

Mode conversion coefficient

HEkH _ g( )hIH(H)d HH _ gH( )hkE(Z )dn,m dfo gnk Zk hk Zk)dk m, d k)hdk m
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IV. FORMULATION OF EIGENVALUE EQUATION
Mode matching technique is introduced for formula-

tion of eigenmode equation. TE mode voltage at the step
of region X3 and TM mode voltage at the step of region
#1 and #2 are assumed to be independent, then TE mode
current toward leftward and TM mode current flowing
toward rightward are given by the following matrix equa-

tion based on the equivalent network and eqs.(4).
'3H ( II -I 3HaE >IV 3H )

aE
A

aE (7)
('t ) (&ff: tff ) )

where each admittance matrix are given by eqs.(8)
Y

MM F3HH1YH (F3HH)t 3HaE (y3HHFH,E _Y3H3E(FFE)3)

yff
E (yE,H(F3HH) _FEY F=EY 3E(F3E) (8)

Also TE mode current flowing toward rightward andTM
mode current toward leftward are given by the following
matrix equation.

where Y in eqs.(8) and (9) are input mode admittance
and given by Table 4 depending on the outside boundary
condition. If there is no wall, Yin = YC1 because of no re-

flection. Hence, following eigenvalue equation is obtained
from mode matching condition.

3H3H 3H y3Ha v3H
+

AE3H aEE +*1l vaE ) (10)

The eigenvalue B, gives effective refractive index ofeach
mode and eigen vector can give field distribution of the
corresponding mode by using the result of Table 5.

V. CALCULATION OF EIGENMODE
Propagation eigenmode of stripline shown in Fig. 1(a)

is calculated by eqs.(10) and equivalent network shown
in Big.2, whose dimension and parameters are given in

the following. Also electric wall is assumed at outside.
{w2= 1.05[mm], w303.0[mm], d1 d2= 1.45[mmn],

d3 3.0[mm], t=0.1[rrmm], £ 2.62}

Table 4
Input admittance depending on side/center wall condition

Electric Wall Magnetic Wall
TM(E)-mode Y= Yccoth(ELW) YE -YE tanh(yEW)
TE(H)-mode Y YHtanh(YLW) YH YH, coth(,YHW)

Table 5
Field description in k-th region by mode summation

E (x,y, z)
I

XVkE(x y)gkE(Z) (k- 1,2,3)
z dk n
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z
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dn
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n ny
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m MY£e nx n

In our calculation thickness of stripline and operational
frequency are widely varied including zero thickness. Key
point of our method is number of height mode to be con-
sidered, which is decided by convergence behavior of
propagation constant with number of height mode in re-
gion X3. These calculated results are shown in Fig.5(a)
for second and third mode with 0.1 Lmm] thickness. From
these results 50 TEBTM height modes are taken into con-
sideration for calculation of propagation constant.
A. Calculation ofdispersion curves
Propagation constant vs frequency for 0.1 rmm] thick-

ness stripline are calculated and shown in Fig.3, which
agree well with that for no-thickness case calculated by
the same theory. Calculated propagation constant for
dominant mode agree with TEM mode propagation con-
stant (Pt, = P// = k,rs)-
B. Field distribution ofpropagation eigenmode
Transverse field distribution of lower three eigenmodes

in the waveguide cross-section for 0.1 [mm] thickness
stripline at 60[GHz] is shown in Fig.4, where 1st mode is
TEM and 2nd/3rd mode are TM modes. Electric field
distribution Ez of dominant TEM mode are calculated
and shown in Fig.6 for various stripline thickness includ-
ing no thickness. No thickness case is similar with
t=.01 [mm] case shown in Fig.4(a) but is not agreed ex-
actly. Number of considered TEBTM height mode is 1L00.
C. Convergence offield with number ofheight mode
Convergence behavior of field distribution with num-

ber of height mode for TEM dominant mode is investi-
gated and that of Ez component (field in height direc-
tion) are shown in Fig5(b), where number of TE/TM
height mode taken into consideration is 20, 50 and 100.
From these results we can see that the field distribution
surely converges with number ofmode, but convergence
is slow because of sharp edge at the comer.

VI. CONCLUSION
Rigorous lateral equivalent network for stripline is de-

rived based on parallel plate planar circuit equations and
mode analysis. The derived equivalent network is practi-
cally applied to the calculation ofeigenmode for stripline
structure with success. Advantage of this method are
(1) method is systematic and appropriate for computer,
(2) physical situation in waveguide becomes clear by
mode analysis and (3) main calculation error is caused
by truncation of mode, which will give the reasonable
estimation of error vs CPU time relation. Thus derived
equivalent network will be useful for analysis ofany other
waveguide such as micro-stripline and slotted line.

REFERENCES
[ l]Hsu,Jui-Pang and T.Anada "Proposal of Surface-Wave Planar
Circuit, Fornulation of its Planar Circuit equations and its Practi-
cal Application", 1986 IEEE MTT-S Digest., GG-4,pp797-800
[2]Hsu,Jui-Pang and T.Anada "Formulation of mode coupling
equations at step discontinuity based on the planar circuit
theorv". 1989 IEEE MTT-S Digest.,PP-5, ppl 135-1138
[3]S.T.Peng and A.A.Oliner,'Guidance and leakage properties of
a class of open dielectric waveguides:Part I,Part II",IEEE Trans.
MTT. Vol.MTT29,pp843-855, Sep.1981.

Authorized licensed use limited to: Kanagawa University. Downloaded on April 13,2010 at 10:56:41 UTC from IEEE Xplore.  Restrictions apply. 



1020

---------6 [G

Mode Orde I1

Mod Oride 2

Mode Order3

propagated

evanescent

Center wall1 condition

1.9973

1.600

0 .55

1800

:Mode order 2

1-99735515- [rad/mm]-

20 40 60 90 100
Height mode number

(a) Convergence of propagation constant

with height mode number

0 20 40 60 80 100

Frequency KGHzi

Fig.3 Dispersion curves and dimension for 0. [mm] thickness stripline
considered mode: 1I00

H-x component
(a) Mode order (TEM-mode) (b-JO) modes consicderecd

(b) Convergence of Ez field component
with height mode number

Fig.5 Convergence of eigenmode
with height mode number

--t -01I[mm]

Hx component

(h) Mode order 2 (TF mode)

Hz component

(a.) Hz comnonenlt -t IlIlI1mmi

rI JU ill JUJ0AC0L I IL JllI lJ0lIIVIL

(c) Mode order 3 (TE-mode)(Eetiwaltthcner
Fig.4 Field distribution of lower three eigenmode at 60[GHz]

--considered mode I00,~t -0 [mm]

(c) nz component, t .U[mmJ

Fig.6 Field distribution of eigenmode
for various stripline thickness at 60[GHzJ

---considered mode: 1I00

3

-02

4-

0

~0

:Mode order 3

f31.87870170 [rad/m~]

LL-

Authorized licensed use limited to: Kanagawa University. Downloaded on April 13,2010 at 10:56:41 UTC from IEEE Xplore.  Restrictions apply. 


