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Abstract

This paper presents a convenient model for analyzing
coupled microstrip line discontinuities. Similar to the planar
magnetic wall model for single microstrip lines, a planar-
lumped model is developed for coupled microstrip fines.
Fields underneath the two strips and those fringing at the
outer edges are modeled by equivalent planar waveguides.
Electric and magnetic field coupling in the gap region is
modeled by a lumped network. Model parameters are evaluated
such that [C] and [L] matrices of the model are identical with
those of coupled lines. This modeling approach is applied to a
coupled microstrip section with chamfered right-angled bends
1o single microstrip lines, and resulls are in good agreement
with experimental values.

Introduction

Although characteristics of uniform coupled lines have
been studied extensively[1], characterization of
discontinuities and junctions in coupled lines is not readily
available. Specifically, there is a need for characterization of
junctions between coupled line sections and outgoing single
microstrip lines.

The purpose of this paper is to present a model suitable
for characterization of several of the coupled-line junction
configurations. The role of this model is similar to that of the
planar waveguide model for single microstrip lines, the model
that has been used extensively for characterization of several
microstrip discontinuities like bends, chamfered bends, tee-
junctions and cross-junctions etc.[2, 3]. The proposed model
is a combination of two-dimensional planar and lumped-
element networks. Fields underneath the two strips and those
fringing at the outer-edges are modeled by planar waveguides.
The electric field and magnetic field coupling across the gap
are represented by an equivalent capacitive and inductive
lumped network.

Planar-Lumped Model

A coupled microstrip line section and its planar-
lumped model is shown schematically in Figure 1. Fields
underneath the two strips and fringing fields at the outer edges
e1 and e2 are represented by two planar waveguides (with

magnetic walls) characterized by Z-matrices ZA and ZB
respectively. Selection of various parameters ensures that
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the capacitances and inductance matrices for the coupled line
configuration and its model are identical.

! rs:  For a single microstripline,
effective width in the planar waveguide model [5] is given by

Wenl®) = Ngh/{Zo( V£, D | (1)

where no is the intrinsic wave impedance (120r ohms) of
free space and h is the height of the substrate. Zo(f) and
ere(f) are the frequency dependent characteristic impedance
and effective dielectric constant values obtained from
microstrip line analysis. The planar waveguide of height h and
width Wem(f) is bounded by two magnetic walls on the sides
and there are no fields outside this region. The medium inside
the planar waveguide has a dielectric constant equal 1o ere(f).
Model parameters are selected such that L and C per unit
length of the microstrip line and the model are equivalent.
This modeling approach has been successful in analysis of
microstrip discontinuities and junctions[2, 3].

For the coupled microstrip line model, the planar
waveguides account for fringing fields only at the outer edges.
So their effective widths We(f) are chosen as

W W
Wb = —e‘“(? - (2)

where W is the physical width for the two coupled lines. The
dielectric constant of planar waveguide segments is taken to be
equal to ere for a microstrip line of width W. The two planar
waveguide segments are connected together through a
multiport lumped network as shown in Figure 1. Usually, 25
ports per quarter wavelength are needed to ensure matching of
the fields under the strips to that in the gap region. Z-
matrices for two planar segments are derived from two-
dimensional Green's function for rectangular geometry and
account for all the higher (z-invariant) two-dimensional
modes present in these regions.

C-Network for Modeling E-Field Coupling: The lumped
network representing the electric field coupling between the
two strips is derived from the capacitance matrix of the
coupled microstrip line. The Bryant and Wiess[4] algorithm
was used for computation of the C-matrix. Even and odd mode

capacitances (Ce and Co respectively) are related to the [C]
matrix as follows:

[C]__'licll ‘Cu]:[ C. (CO'Ce)/2]
Gy Coa (Co-C.)/2 C. (3)
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A n-network representation of the [C] matrix is shown in
Figure 2(a). In the model proposed (Figure 1), Ci1 is

accounted for partially by the planar segment (with [Z] =
Zp). The remaining part of C11 is modeled by the element Ct

of the lumped network, shown in Figure 2(b).
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Figure 1: A coupled line section and its planar-lumped model.
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Figure 2(a): m-matrix representation of [C] for coupled

lines.
Figure 2(b): A section of the capacitive port of the lumped
network.
We get
e e W, e e W
Cf=(C11-—°—1’,—e——)A3=(Ce-°—;f—e)A3 (4)

Al is the length of the line represented by the port i. The
matrix [C] represents capacitances per unit length of the line.
The network section shown in Figure 2(b) may be represented
by the following matrix:

. Cf‘i‘C -C .
[Y‘?]‘J‘”[ € cC, ]‘J“’[CG] (5)

When the lumped network of Figure 1 has n ports on each side,
the complete C-matrix [CG] may be written as shown in Table
1. Non-diagonal terms in each of the four sub-matrices are
all zeros.

L-Network for Modeling H-Field Coupling: The magnetic field
coupling between the two strips is modeled by mutual
inductance elements in the lumped network. |f we consider
two adjacent ports of planar segment A (say 1 and 2)
connected to the two corresponding ports (n+1 and n+2) of
the segment B, the inductive network for this portion may be
drawn as shown in Figure 3(a).
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Figure 3(a): A section of the inductive network in the lumped
network.
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Table 1: C-matrix for the lumped network modeling the gap.
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Values of Lp and M are calculated by comparing the [L] matrix
of the coupled line with that for the modeling network. The
inductance matrix for the coupled line pair is obtained from
the capacitance matrix [Co] for the case when the dielectric is
replaced by air. We have the following relation[5] between
[L] and [Co]:

] = uoeo[Co]'l - [Ll 1L12]

Lailo, (6)

where po and go are permeability and permitivity of the free
space. The network representation of the inductance matrix in
equation (6) is shown in Figure 3(b). Here AL is the length of
the section represented by the partial network shown and [L]
is the matrix of inductances per unit length of the coupled line
pair. A part of the ALL11 is contributed by the inductance of
the paraliel plate waveguide and the remaining by Lp included
in the lumped network as shown in Figure 3(a). If the
inductance of the parallel plate waveguide region per unit
length (= poh/We) is denoted by Lpt, the total inductance
network may be drawn as shown in Figure 3(c). Equating the
admittance matrices of the two networks shown in Figure 3(b)
and 3(c), Lp and M may be expressed in terms of Lpf and [L}
as follows:
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Figure 3(b):Network representation network for inductive
matrix
Figure 3(c): Total inductance network
2 2
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In (7) and (8), it is assumed that L11 = L22 and that L12 =
L21 (symmetric lines). Formulation could, of course, be
extended to asymmetric lines also. For the complete lumped
network portion of the model, the inductive part is
represented by a (2n x 2n) admittance matrix which is
obtained by using Kirchoff's laws and may be written as
follows:

= (9)

where [La] is (2n x 2n) inductance matrix shown in Table 2.
It may be noted that all the four (n x n) sub-matrices are

tridiagonal, all other elements being zero.

Table 2: L-matrix for the lumped network modeling the gap
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The total lumped network required for modeling the gap is
obtained by superposition of capacitance and inductive
components. The total admittance matrix of this network is
obtained by adding [Yc¢] and [YL] given by equations (5) and
(9) respectively. We have the admittance matrix of the gap
network YG given by:

B v L

[zd=[¥d" (10b)

Model Verification

The planar-lumped model for coupled microstrip lines
proposed in this paper has been verified by considering a
guarter-wave section of coupled line, finding its 4-port
parameters based on the proposed model, and comparing these
with the four-port parameters obtained by conventional
coupled line analysis[6). The starting point for both of these
computations is the values of the even and odd-mode impedance
and effective dielectric constants obtained from the Bryant and
Wiess algorithm[4].

In conventional coupled-line computations, non-
equality of even and odd-mode phase velocities has been taken
into account. The configuration considered is a pair of
microstrip lines (each 50Q characteristic impedance in
isolation) on 0.01 inch thick substrate with er = 2.2 and their
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lengths equal to A/4 at 10GHz. Coupling values were
calculated for spacing varying from 0.1 to 20 times the
substrate thickness and the coupling parameters Sz
calculated for various cases.

For computations based on the proposed model, some
further details need to be mentioned. For Z-matrices for
rectangular segments, single summation formulation{7] has
been used. The number of terms needed for convergence was
decided by iterative computations to be around 100. Optimum
width of the ports interconnecting these rectangular segments
to the gap network is found to be A/100. Segmentation
method[3] was used to combine the Z-matrices of the two
planar segments and that of the gap into a single 4x4 Z-matrix
(with respect to the four external ports). The Z-matrix for
the coupled line section is converted into a 4x4 S-matrix.

The four-port S-matrices obtained by these two
approaches agree very well. Comparison for the case of
coupling coefficient S12 is shown in Figure 4. The two curves
coincide and cannot be distinguished in the figure.
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Figure 4: Comparison of coupling computed by planar lumped
model with transmission line equations.

Comparison with Experiment for Chamfered Bends

The coupled line model proposed above has been applied
for characterization of the junction between coupled line
section and single microstrips located at right angles to ends of
the coupled line section as shown in Figure 6 (inset). The
planar/lumped model of this configuration is shown in Figure
5. In addition to the three segments (two rectangular plus a
lumped network) representing the coupled line section, we
have three additional planar segments at each of the two upper
ports (1 and 2).

The analysis procedure for this configuration may be
summarized as follows: (i) Thirty ports on each side connect
lumped network to planar segments. The number of
interconnections between segments 1 and 2, 2 and 3, and 3 and
4 (and similarly on the right-hand side) is about seven each;
(iiy Z-matrices for various segments are evaluated from
corresponding Green's functions. For isosceles triangles a
single summation formulation[8] is used. Y-matrix for
lumped network is obtained as discussed earlier; (iii) These Z-
matrices are combined using the segmentation formula to
obtain a 4x4 Z-matrix; (iv) 4x4 Z-matrix is reduced to 2x2
matrix with ports 3 and 4 terminated in 50Q resistances; (v)
2x2 Z-matrix is converted to S-matrix.
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Figure 5: Planar model for chamfered bend coupled line.

The results obtained by the above procedure are
compared with the experimental results for the structure
fabricated on 4 mil thick GaAs substrate (er 12.9).
Comparison for the transmission coefficient S21 is shown in
Figure 6. The curve marked 1 shows computed results, curve
3 shows experimental results, and curve 2 shows the results
without taking junction reactance into account. The data for
curve 2 is obtained from transmission line analysis of coupled
lines.
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Figure 6: Comparison of S12 values for chamfered bend

coupled line as obtained from planar model, from
measured results, and from transmission line
equations with no discontinuity reactances
included.

Good agreement between computed and experimental
results verifies the modeling procedure developed and its
applications to analysis of coupled line discontinuities.

Concluding Remarks

A novel modeling approach for characterization of
coupled microstrip junction effects has been reported in this
paper. This approach is an extension of the planar waveguide
model used extiensively for single microstrip line
discontinuity reactance characterization. Good agreement with
experimental results for chamfered bends (between coupled
lines and single microstrip lines) is very encouraging.
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The proposed model is applicable to a number of
different coupled line structures such as a coupled line section
with an abrupt 90° bend connections to single microstrip
lines, a coupler with chamfered bends, and a coupler with
outgoing lines bent at an angle of only 45°. The proposed model
is also applicable to the analysis of step discontinuities
between coupled line sections such as encountered in
multisectional directional couplers.
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