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MICROWAVS AND MILLIMETER WAVE INTEGRATED CIRCUITS
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Abstract

A novel technique is introduced which
allows the analysis of multiple coupled
microstrip discontinuities including
those structures that are embedded by
multiple coupled transmission line
sections such as coupled right angle
bends. The method, based on the
fullwave 3D moment method, is verified
by comparing the simulated results of a
microstrip coupler to those obtained
from an experimentally verified 2D
spectral domain technique. In addition,
the effect of the coupled line spacing
on the S parameters of typically
encountered coupled microstrip
discontinuities is demonstrated.

Introduction

In recent years a number of methods have
been developed for the fullwave analysis
of microstrip discontinuities (1-10).
These techniques have been applied to
analyze those microstrip discontinuities
that do not require coupled transmission
lines at the reference planes of the
discontinuity. However, in order to
analyze the wide class of
discontinuities that are embedded
between coupled line sections, new
techniques need to be developed. Figure
1 shows a class of coupled microstrip
discontinuities as they are encountered
in many NMIC circuits.

In previous approaches (l-7) , the
technique used for the extraction of S
parameters from the electromagnetic
field solution is to define a suitable
excitation at the circuit ports, perform
an electromagnetic field simulation,
evaluate the current distribution on
transmission line sections, and extract
from these the wave amplitudes. Given
the set of excitations and the
corresponding wave amplitudes the S
parameters are determined. Line
impedances and propagation constants
have to be determined a Driori. If
multiple coupled lines ‘are
considered, the extraction
parameters would require
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Figure 1: typical multiport
coupled microstrip discontinuitie~

consideration of all transmission line
modes resulting in a rather complex and
unstable procedure. The approach
demonstrated in (8) makes certain
assumptions that could not be met for
the examples given here. In (7) the
reference planes cannot be specified and
the results contain the effect of the
stray fields at the ports. In addition,
suitable excitation vectors have to be
specified. According to (11) further
development has been directed towards
the removal of the discontinuity effect
due to the circuit ports. In (10) a

resonant procedure has been employed
which requires successive solutions to
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the electromagnetic field problem. The
resonance method is straight forward to
apply for the analysis of simple
geometries. However, the analysis of
discontinuities that are embedded by
coupled line sections proves to be not
practical.

The present contribution describes a
method that now allows the analysis of
multiple coupled microstrip
discontinuities that are embedded within
multiple coupled transmission line
sections. Based on the electromagnetic
field solution a deembedding technique
is employed that leads to the removal of
the discontinuity effects associated
with the network ports. Scattering
parameters are obtained with respect to
specified reference planes. No
excitation vectors have to be specified
and the evaluation of the current
distribution along transmission line
sections is not required. S parameter
results can be normalized to arbitrary
reference impedances. The presented
technique has been implemented in the
electromagnetic program EXPLORER.

Theory

The theory presented in the following
applies to an arbitrary number of

circuit ports. Howeverr the method is
described by using a four port

discontinuity which simplifies the
illustration of the concept. Figure 2a
shows the four port discontinuity DUT,
embedded by two coupled line sections
between two reference planes RPI and
RP2 . The associated circuit model is
shown in Figure 2b. The error networks
El and Er describe the electromagnetic
field disturbance due to the port
discontinuity. Note that the coupled
ports such as PIIP2 and P~’jP2’ are
situated at the same physical location.
coupled transmission line sections
connect to the discontinuity four port S
at the reference planes RP1 and RP2.
The effect of the four port
discontinuity is described by the four
port S. The entire circuit can then be
modelled by the error networks EI and
Er, two coupled transmission 1 ine
sections and the four port S. The
distance between the reference planes
and the port locations has to be chosen
large enough such that the field
disturbance due to the microstrip
discontinuity is sufficiently small at
the location of the ports.

The characterization of the
discontinuity four port S (Figure 2b) is
begun by computing the scattering matrix
N with respect to ports Pl, P2, P3, P4.
In order to identify the network
matrices of the error networks EI and Er
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Figure 2: (a) general coupled

line four port discontinuity

(b) network model for circuit in

(a) with error networks, coupled
line sections and four port

discontinuity

(c) two standards used to identify

the error network

the scattering parameters for two
coupled line sections of different
length have to be computed and this
situation is shown in figure 2c. Once
El and Er are determined, the network
matrix for the coupled line sections Ci
with length li (i=l,2) can be derived.
In a final step the matrices El, l+, Ci
and N are post processed to obtain the
four port discontinuity matrix S.

The electromagnetic field simulation
used here is based on the accelerated
moment method which is described in
(lo) . The accelerated scheme has been
used in a deterministic procedure. The
n-port network matrix N is computed
directly from the system matrix M of the
moment method:

N=L(M) (1)

where L represents a non linear operator
that maps the m dimensional moment
matrix M into the n dimensional network
impedance matrix N. In relating the
field quantities to network quantities
the integral relation for the terminal
impedance as a function of the terminal
current and electric field has been
employed (12). After defining desired
normalization impedances, the scattering
matrix can be derived from the impedance
matrix by standard methods. At this
point N represents the network with
respect to the ports including the
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discontinuity effect at the port
location. In order to obtain the
scattering matrix S of the multiport
discontinuity with respect to the
reference planes RPi (Figure 2), the
multiple coupled transmission lines
together with the port discontinuities
need to be deembedded to obtain

S = P (N,El,ErlCi) (2)

by simple matrix arithmetic. P
represents a non linear operator. The
network matrices N, El, Err Ci are
computed following the procedure
outlined in the previous paragraph.

Results

In order to verify the validity of the
presented technique, the scattering
parameters of an lldB edge coupled
microstrip coupler are computed and
compared to results obtained from
SuperCompact through 30GHZ (13). The
multiple coupled 1 ine model in
SuperCompact is based on a rigorous two
dimensional spectral domain technique
which has been verified by various
experimental data. The length of the
coupler was chosen to be 4.572mm, the

width of the microstrip line was
0.5715mm and the spacing between the
lines was 0.1905mm. The metal was
deposited on a 25mil Alumina substrate.
The dimensions of the microstrip perfect
conducting housing were 4.7625mm,
6.985mm and 4.573mm in width, height and
length, respectively. Figure 3a shows
the result of the comparison if the port
discontinuity is included in the
computation, e.g. the error networks El
and Er in Figure 2b have not been
removed. Results for the reflection and
transmission magnitude show significant
differences compared to the results
obtained from SuperCompact for
frequencies above 5 GHz . These
differences are attributed to the
presence of the stray fields at the port
locations. Note that the 3D
electromagnetic simulation, like the
actual measurement, shows the effect of
the stray fields at the circuit ports.
Figure 3b includes the removal of the
port discontinuity which allows the
accurate description of the DUT. The
results compare favorably to those
obtained from SuperCompact.

Selected transmission phases of the
coupled microstrip bends of Figure la,
lb and lC are shown in Figure 4,5 and 6,
respectively. For all cases the
metallization was deposited on a 20 mil
GSAS substrate. The wjh ratio was
chosen to be 0.732 and the shielding box
was 4.572mm in height.
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Figure 3: the sattering parameter of
an edge coupled 11 db coupler 2 is the
coupled port, 3 is the direct port

(a) without removal of the port
discontinuity

(b) with removal of the port discontinuity

Conclusion

In summary, a method based on the 3D
electromagnetic field solution has been
presented that allows the analysis of
multiple coupled microstrip
discontinuities as they are encountered
in many microwave and millimeter wave
integrated circuits. A deembedding
procedure has been introduced that now
makes it possible to characterize
coupled discontinuities even if they are
embedded between multiple coupled
transmission line sections. The effect
of the port discontinuity on the
scattering parameters of a microstrip
coupler has been demonstrated and S
parameters for typical microstrip
coupled two and four port
discontinuities were computed.

Acknowledgements

Thanks are due to Mr. Krishnamorthy
Kottapalli’ who generated the results of
the structures in Figure 1 and to Mrs.
Mayra Munem who helped with the
preparation of the manuscript.
Discussions with Dr. @u Zhang and Dr.
Tian Zhang are gratefully acknowledged.

1093



(1)

(2)

S14 (Phase)

-160
S.w

.18C

0510 25 30

Frequen’~y (GHz~

F~gure 4: transmission phase s14
of the structure in figure la

S13 (Ph.,. )

:- ‘
Y ‘E!=‘-9

0510 25 30 35

Fre~uency &Hz)

Figure 5: transmission phase s13

Of the structure in fi9ure lb

slz lPh.se)
0-

-40 .

-60 ~

“80 - ‘+==%-,oo~ C===+
\ * . w/2

.l*OL __ :_i ‘/
s-w

-,40
05107520 253035

Frequency (GHz)

Figure 6: transmission phase SIZ
of the structure in figure lC

Referentses

R.H. Jansen, !!The spectral-Domain

Approach for Microwave Integrated
Circuits”, IEEE Trans. on Microwave
Theory and Tech., PP 1043-1056,
October 1985.

w. Wertgen, R.H. Jansen, “Novel
Greents Function Database Technique
for the Efficient Full-Wave
Analysis of Complex Irregular
(M)MIC Structures”, 19th European

Microwave Conference, PP 199-204,
1989.

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(lo)

(11)

(12)

(13)

1094

R.W. Jackson, ‘tFull-Wave, Finite

Element Analysis of Irregular
Microstrip Discontinuities”, IEEE

Trans. on Microwave Theory and

Tech. , pp 81-89, January 1989.

J.R. Mosig, *tArbitrarily Shaped

Microstrip Structures and their

Analysis with a Mixed Potential

Integral Equation”, IEEE Trans. on
Microwave Theory and Tech., PP
1043-1056, October 1985.

P.B. Katehi, Alexopoulos N.G.,
‘tFrequency Dependent
Characteristics of Microstrip
Discontinuities in Millimeter wave
Integrated Circuits”, IEEE Trans.
on Microwave Theory and Tech., PP
1029-1035, October 1985

L.P. Dunleavy, P.B. Katehi, $lA

Generalized Method for Analyzing
Shielded thin Microstrip
Discontinuities’f, IEEE Trans on
Microwave Theory and Tech., pp
1753-1766, December 1988.

D.J. WU, 13.C. Chang, B.L. Brim,
‘eAccurate Numerical Modeling of
Microstrip Junctions and
Discontinuitiesvg, Microwave and
Millimeter-Wave computer-Aided
Engineering, pp. 48-58, January
1991.

J.C. Rautio, R.F. Barrington, “An
Electromagnetic Time-harmonic
Analysis of Shielded MicroStrip
Circuitsvlr IEEE Trans. on Microwave
Theory and Tech., pp 726-730,
August 1987.

A. Skrivervik, J.R.
Mosig,’’Equivalent Circuits of
Microstrip Discontinuities
including Radiation Effectsvtr IEEE
MTT-S, pp 1147-1150, 1989.

A. Hill, V.K. Tripathi, VI~

efficient Algorithm for the 3D
Analysis of Passive Microstrip
Components and Discontinuities for
Microwave and Millimeter Wave
Integrated Circuitsvm, IEEE Trans.
on Microwave Theory and Tech., pp.
83-91, January 1991.

J. Rautio, Private communication,
5127190.

R.F. Barrington, ‘tTime-Harmonic
Electromagnetic Fields,uv McGraw-
Hill, 1961.

MCPL: Multiple Coupled Lines Model
in SuperCompactr PC V4.05, Compact
Software Inc., Paterson, NJ.


