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Abstract

An approximate expression for the coupled S-parameters of
skew microstrip lines is derived. The expression is compared
to the model for parallel coupled lines. An experiment to test
the approximation for skew lines is described, and measured
and predicted results are compared.

Introduction

Parasitic coupling is the unintended electromagnetic cou-
pling between two circuit elements. This type of coupling
can have deleterious effects on the circuit’s performance, even
though the absolute level of coupling may be quite small. [1]
For example, the input stage of an amplifier may couple to
the output stage in such a way that the feedback degrades the
circuit’s performance. While in principle full wave field simu-
lators can calculate the parasitic coupling, in practice they are
not a desirable solution because of the excessive computer re-
sources required. An approximation that is less accurate than
a full wave analysis, but much faster, can be used to pinpoint
a parasitic coupling problem. Than a more accurate analysis
can be employed.

For this purpose, an approximate expression for the S-
parameters of weakly coupled skew microstrip lines is derived.
It is then compared to a standard model for parallel coupled
microstrip lines, and to experimental results for skew lines.
These comparisons show the accuracy that can be expected.

Derivation of S-parameter Expression

The starting point in the derivation is the two dimensional
EFIE [2] for the microstrip problem. Since the coupling is
weak, second order coupling effects are ignored. The surface
currents on a microstrip line are replaced by a line current at
the center of the line. Consider two lines in isolation, although
they are actually embedded in some circuit. Artificially place
the currents for a quasi-TEM mode on one line, and calcu-
late the modal currents impressed on the second line. Thern
normalize to get the S-parameters.

To compute the currents impressed on the second line, a
one dimensional integral equation for the currents on an infi-
nite microstrip line, due to an assumed incident electric field,
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is derived; then an approximate solution to this equation is
found.

Start with the two dimensional integral equation [2].

EC5) =i [ 45" 7)0a5 - 7)

+ Y / ds' o(M)av(l5 - 7')

The left hand side is the tangential incident electric field and
the right hand side is the negative of the tangential scattered
electric field. J and g are the surface current and charge on
the line, and g'is a point on the line.

Assume a current of the form f(x ,¥') = ayf(x’)I(y)
where I{y') is the total current on the line, and f(2') gives
the shape of the current in the transverse direction. Because
transverse currents are ignored, the charge will have the same
transverse variation or shape. Take f(z) to be the static charge
distribution on a microstrip line.

Now the two dimensional integral equation is multiplied
by a weight function and integrated over the transverse coor-
dinate. Since the assumed current and charge on the line are
symmetric about the center of the line, the scattered field will
be also. The weight function should therefore be symmetric.
The shape function f(z) is used; this has an advantage that
will be pointed out later.

The desired one dimensional integral equation is:
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The kernel k4 of this new integral equation is
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ky is defined in a similar fashion.

This integral equation can be solved exactly. Take the
Fourier transform of both sides of the equation, and apply the
convolution theorem:

[~w’Ka(8) + B Kv(B)I(B) = jwR(B)

where (3 is the transform variable, and R, K4 and Ky are the
Fourier transform of r, k4 and ky respectively. The solution
for the total current on the microstrip line is:

jwR(B)
B*Kv(B) — wiKa(P)

1 o0
— -8y
I{y) = 5 /.oo dBe

It is probably not possible to find an analytic expression
for I(y). Therefore, try to find an asymptotic approximation
for |y] — oo. Assume the poles in the integrand occur at
Boh < 1. Because the charge distrubution was used as the
weighting function above, Ky (£8p) = 1/C., and Ka(£5,) =
L. [3], where C, and L. are the capacitance and inductance
per unit length of the line. This is the advantage mentioned
above. Notice the assumption here that A4 and Ky vary
slowly near # = 0. This is true because of the singularities in
k4 and ky, but a rigorous proof is not given. The poles are at

B = +p5y, Bo =wvLC,. One finds:

I(y) ~jBoy

Yy — 0

1(y) ~ G5E R(=B0)e?*

Yy — —00

For a four port network made up of two stright microstrip
line segments with each end terminated by the characteristic
1mpedance of the line, define the following;:

T center of line m

unit vector along line m
away from port ¢
position on line m

J
Um,z

- - -
Pm =Tm + um,sz

B wave number for line m

Zm characteristic impedance of line m
L, length of line m

I my = Um €7 B m quasi-TEM line current

@m, = VZmePmtm/?  wave variable for port i on line m
bm, wave variable for port ¢ on line m
S-parameter

The calculation of the coupling boils down to computing

R-p)= [ " dyr(y) .
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Two observations are made: first r(y) is assumed to be
Ln/2,L,/2], by truncation, and second r(y)
can be written in terms of an incident 4 and ¢.

finc L= 1 9
-E :-]wun’j'A—bE

zero except on [—

T(Cn) = 'Jn,] ¢

Finally,
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This expression results in a symmetric S-parameter ma-
trix, as it must. Utilizing the thru and reflection terms of the
isolated lines, the 4-port S-parameter matrix can be completely

filled.

The approximations for g4 and gy given in [4] have been
used in the following examples.

Comparison with Parallel Coupled Lines

Since the expression applies to any line orientation, it can
be compared to parallel lines as a test since parallel lines are
just a special case of skew lines. Figure 1 shows the test case
which is that of 50Q lines on .125 mm alumina. The cen-
ter to center spacing of the lines is 4 substrate heights, so
the weak coupling assumption will be valid. The frequency is
held fixed, and the line length is varied from five to one hun-
dred substrate heights. The new expression is compared to the
standard model for parallel coupled lines [5] in Figure 2 thru
Figure 5.

The four plots taken together demonstrate that when cou-
pling is weakest, agreement between the standard model and
our expression is worst. Since this is the case when coupling
should be unimportant, this is acceptable. Overall, the plots
show that phase agrees better than magnitude. The magnitude
agrees within a few dB, except when the coupling approaches
zero.

Skew Line Experiment

An experiment for the case of skew lines is also needed. In
order to get an appropriate level of coupling, the “vee” circuit
shown in Figure 6 has been fabricated and tested. Relevant
parameters can be found in the figure. In order that this ex-
periment be meaningful, the structure has been designed to



push the limits of the validity of the approximations. A rep-
resentative sample of the results are shown in Figure 7 and
Figure 8.

The agreement between theory and experiment is much
better for S32 than it is for S3;. This is because S3; happens
to be very sensitive to small changes in the circuit. This can
be seen in Figure 9 where the relative dielectric constant of
the substrate has been varied by +5%. Nevertheless, for this
extreme case and for the purpose of parasitic coupling, the
agreement is considered good.
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h=.125 mm
w=.122 mm
Frequency=10 GHZ

Figure 1. Port labels and dimensions for the
comparison of the expression in this paper to
the standard parallel coupled line model. All
port impedances are 50§} .
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Figure 2. Coupling of lines in Figure 1.
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Figure 3. Coupling of lines in Figure 1.



-10
-20
)
el
= -30
4
w
-40
-50

180
135

phase S41 (degrees)
o

This Wark —
Parallel Ling ===
l//
0 20 40 60 80 100
Line length/h
Figure 4. Coupling of lines in Figure 1.
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Figure 5. Coupling of lines in Figure 1.
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width of all lines=12.7 mm

Figure 6. Port labels and dimensions of the vee circuit.
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Figure 7. Measured versus calculated cou-
pling of the vee circuit shown in in Figure 6.
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Figure 8. Measured versus calculated cou-
pling of the wee circuit shown in in Figure 6.
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Figure 9. Calculated coupling of the vee cir-
cuit shown in Figure 6 for three different val-
ues of ¢,. Notice the large variaion in coupling
for a small change in one parameter.



