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Abstract -- Stripline is a key component for MIC. Therefore, ex-
act calculation of the characteristic impedance is important for
analysis and synthesis of stripline circuit. There are many calcula-
tion methods for stripline with zero or finite strip thickness. Exact
solution for zero thickness was already given by conformal trans-
formation method, but that for finite thinkness is not. So far, rela-
tively exact solution is given by fringing capacitance method. Here,
new and systematic mode analysis method is proposed, which is
based on lateral equivalent network and can give more exact char-
acteristic impedance for stripline with any thickness including zero
thickness. This method is demonstrated to be valid and useful by
good agreement with the exact results for zero thickness.

1. INTRODUCTION

Stripline is an important transmission line for MIC system. In
order to carry out rigorous analysis and design for stripline cir-
cuit, exact characteristic impedance for any strip thickness is
strongly needed. There are many numerical calculation meth-
ods for stripline with zero and finite strip thickness. Exact ana-
lytical solution for zero thickness was already well-known and
given by conformal transformation method!, but that for finite
thinkness is not available. So far, relatively exact solution are
given by fringing capacitance method™, which has 1.2% error.
Hence, it is important to develop a new method which can give
more exact characteristic impedance for any strip thickness in-
cluding zero. In this paper, a new and systematic method for the
calculation of propagation eigenmode (propagation constant and
field distribution of TEM mode) for stripline based on lateral
equivalent network™will be proposed, which is derived from
planar circuit equations™ and mode matching method, and can
give exact field distribution for TEM mode. Then characteristic
impedance is defined by TEM voltage and current, which can
be calculated by line integral of the electric field and contour
integral of magnetic field, respectively. These new calculation
method is applied to actual stripline structure, dispersion char-
acteristics, field distribution and characteristic impedance are
calculated for various dimension. These calculated results are
compared with exact solution of zero thickness or conventional
solution with good agreement, which demonstrates that our new
method is valid and usefull.

II. LATERAL EQUIVALENT NETWORK ¥

Cross-section of stripline is divided into three uniform regions
and two step discontinuities as shown in Fig.1(a). In order to
analyze the stripline with any strip thickness, equivalent net-
work in lateral direction is introduced, which is derived from
parallel plate planar circuit equations®and dependency of
e~ 'Pr» along waveguide. Parameters of the planar circuit equa-
tions are given in table 1. The equivalent network for uniform
region is given by multi-transmission line of TE/TM mode and
that for step discontinuity by multi-port ideal transformer with
mode conversion current source at both side of the step as shown
in Fig.1(b)™. Therefore whole equivalent network in lateral di-
rection is given by Fig.1(c). Through our calculation, half struc-
ture of the stripline is treated because of the symmetry at center. Also
metal wall is assumed at outside side-wall to make the model simple.
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(c) Vector representation
Fig.1 Lateral equavalent network for stripline

III. CALCULATION OF PROPAGATION EIGENMODE
For the calculation of propagation eigenmode, eigen-value
equation given by eq.(1) is formulated by mode matching con-
dition and lateral equivalent network given by Fig.1.
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Propagation constant can be obtained by solving eq.(2).
det(Yeﬁ‘ + Yin) = O (2)

Field distribution of the eigenmode is calculated by eigenvector given
by eq.(1). That is, all terminal mode voltage/current are obtained by
the eigen-vector and whole equivalent network in lateral direction.
Then, any x dependent mode voltage and mode current distribution
is given by eq.(3), where V '* and 1 *are terminal voltage/current.

sinhy ,(x—¢,) 1+sinhyp(x—ll) 5
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(0= sinhy,(x—{¢,) -, sinhy, (x-/()) -,
P07 Sinhy, (¢, =057 sinhy, (6, —0,) " -(3)
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Hence, field distribusion of the corresponding eigenmode at
each uniform region is given by TE/TM mode summation of
product of z-dependent mode function in height direction and x
dependent mode voltage and mode current distribution. Final
field distribusion is given by eqs.(4) ~(9).
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IV. CALCULATION OF CHARACTERISTIC IMPEDANCE
TEM mode characteristic impedance of stripline, whose struc-
ture is shown in Fig.2 is defined by eq.(10), where TEM voltage
VM and current ™ is derived by line integral of electric field
E given by eq.(11) and contour integral of magnetic field H,
given by eq.(12), respectively.
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Fig.2 Cross section of half stripline

Exact electric field E and magnetic field H in the cross-section
of stripline can be calculated by solving eigenvalue equation and
substituting eigenvector into eq.(4) through eq.(9) as explained in
the previous section. Definite integral method by terminal mode
voltage and mode current based on lateral equivalent network as
shown in Fig.3 is proposed and explained in the following.
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Fig.3 Mode voltage and mode current at each port
TABLE 1 Relations and parameter for planar circuit
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Transverse field Et (E,,E) and Ht (H,, H)) are given analyti-
cally by egs.(4),(5),(8) and (9), which make possible to use defi-
nite integral for eqs.(11) and (12). Therefore, TEM voltage V™"
is calculated analytically by the following definite integral.
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Also TEM current given by eq.(12) is calculated analytically by
the following definite integral.
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The accuracy depends only on number of slab-mode considered.

V. RESULTS OF CALCULATION

So far explained analysis method is applied for practical strip
line of various dimension and frequency to prove the validity.
A. Convergence behavior of propagation constant

The keypoint of our methed is how many height-mode must be
taken into consideration, which is decided by convergence be-
havior of propagation constant with height-mode. The conver-
gence behavior of TEM and two TE lower modes with height-
mode in region #3 are shown in Fig.4 for 0.1[mm].

B. Calculation of Dispersion Characteristics

Eigenvalue equation given by eq.(1) is solved to give the eigen-
value and eigen-vector for various dimension including zero thick-
ness. Calculated results of lower eigenvalue for zero thickness, which
corresponds to propagation constant are shown in Fig. 5 as a func-
tion of frequency up to 60[GHz]. The calculated propagation con-
stant for TEM mode agrees with exact result of §=w./eu . Through
our calculation 70 TE/TM slab-modes are taken into consideration.
C. Field Distribution for TEM Mode

Field distribution for TEM mode is calculated based on eigen
vector, lateral equivalent network and eqs.(4)~(9). The calcu-
lated results of transverse field distribution (x and z field com-
ponent) for various dimension are shown in Fig.6. Electric and
magnetic field strength(E y/H ) of this mode in y direction is cal-
culated to be about 10", which means the mode is TEM.

The electric and magnet1c field Ex,Ey,Ez and Hx,Hy,Hz at #1-
#3 and #2-#3 step must be continuous because of field theory.
Continuity of the Hx field for 0.1[mm] is calculated and shown
in Fig.7 with 10 and 80 height-modes in region #3 considered.
D. Investigation of Error for Characteristic Impedance

In order to investigate the accuracy of our method, characteris-
tic impedance of TEM mode for zero thickness are calculated
by our method with difinite integral and shown in Fig.8 with
exact results given by conformal transformation™! and static
fringing capacitance approximation™. It turns out that our present
method agree well with exact solution rather than popular static
fringing capacitance approximation.

In order to investigate the calculation error in detail, calcula-
tion % error for each method is calculated and shown in Fig.9,
which clearly demonstrates that the present method with definte
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integral is better method giving maxmum error of 0.17%. Fi-
nally characteristic impedance vs w/d relation are calculated and
shown in Fig.10 as a function of w/d with parameter of thick-
ness. It can be seen that the effect of thickness on the character-
istic impedance is sensitive. Characteristic impedance for very
thin strip (a few percent of the plate spacing) is calcurable by
this method and shown in the same figure as a function of w/d.

VI. CONCLUSION

New and systematic analysis method for stripline is presented,
which is based on planar circuit and lateral equivalent network,
and can give exact eigenmode for the stripline. How to calcu-
late characteristic impedance of TEM mode is proposed and con-
firmed with success by applying the proposal to the practical
problem. Also calculation error by this method is investigated
by comparison with exact value given for t=0[mm)]. The agree-

ment is good, which demonstrates the validity of this method.
Also this method can give more exact characteristic impedance
compared with that given by conventional fringing capacitance
method whose accuracy is 1.2%. Thus obtained more exact char-
acteristic impedance is useful for exact analysis and design of
stripline circuit.
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Fig.5 Frequency characteristics of propagation constants of TEM mode and higher
modes for stripline of zero thickness(t=0.1[mm]) where 70 TE/TM slab-modes are taken

into consideration.
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