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Abstract

A full-wave analysis based upon a spatial-
domain moment method, is obtained for
finding two-dimensional current distributions,
and hence, the scattering matrix for chamfered
bends and other microstrip junctions of general
shape in MMICs. The numerical simulation
program can provide useful design information
as well as physical insights for frequencies way
up in the millimeter-wave range.

1. Introduction

It is a common practice in MMIC design to
use chamfered bends and junctions in order to
minimize the reactive as well as the radiative
effects. along with
experimental validation, are available using a
two-dimensional planar analysis [2], [3] . It is
typically carried out by first replacing the

Design criteria,

interior region of a microstrip structure with
an equivalent waveguide with a magnetic wall
on each side of the strip. External couplings
among different segments of the circuit
then included by using equivalent magnetic
current elements distributed along the edges

is

[4]. Such an assumption 1is inherently
frequency limited. To the best of our
knowledge, no data is available for

frequencies in the millimeter-wave range.
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2. Theory

A full-wave integral equation approach is
used to provide some design insights into the
higher frequency regime. Using an algorithm
called P-mesh model reported earlier [1], we
have successfully developed a general-
purpose computer program which is capable of
analyzing microstrip of
rectangular geometry. The new method
basically consists of solving the
dimensional, current distribution on
the microstrip surface by a spatial-domain
moment method. The integral equation to be
solved is

structures non-

two-
vector

(B

where G is the dyadic Green function; J@')is

[GE ) T ds'=-F, fortes
S

the current distribution in a planar structure
i .
s'; E; is the tangential component of the

incident electric field.
Applying the Galerkin method to the
integral equation gives

-jo f s f S .ds'{Gm(r, ) IO <31 +
G &) p® @) ) =-J SEG 10 @

where p(;) is the charge distribution; G, are

the electric and magnetic potentials of point

source, respectively. When the observation
point and the source point are on the same
plane,

1990 IEEE MTT-S Digest



Fig. 1
A
G, =20 i) —E a 3
4n B ug+uycthugd €)
4
ug+ p.uthu
Ge=—— 1§ 1{n) ot el h il A
4neq (Eru0+ uyth U(ﬂXMIUoJr u,cth und)
0
“)
2
where u, =V A —8,ux;Im(un)20&Re(un)20; r is
the distance between the observation point
and the source point; d is the substate
thickness; &g, & U, are the permittivity and
{

permeability of the substrate, respectively.
To take advantage of the regularity inherent
to the geometry of a given problem, the
divided
rectangular and
Fig.1. A
for the
and
normal current component between two cells
is assumed which, as it turns out, is
topologically the same as that of a mesh with
branches: hence the name, P(seudo)-mesh.
Therefore, distribution can be
expressed in terms of the branch current of

structure is into a

of
shown

microstrip
combination triangular

as in linear
used

distribution on each cell,

cells

approximation is current

continuous

the current

the cells I, and the multi-face roof-top basis

functions jn(;) as shown in Fig.2
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0=YTMmI,
zn: (5

Use is made of the Rayleigh Ritz procedure
to get the matrix equation

[Z3][5] =[Vi]

where

(6)

. I
Zy=-jo [ asf ds\GT@TE) -0 G V5V T;(7)

JR G,
Vi=-LdSEt'Ji (8)

The potentials G, . are computed, as in the
case of the BCW code developed earlier for the

structures of rectangular geometry [5], [6],
and curve-fitted into polynomials locally.
Therefore, the double surface integrals
involved in eq.(7) are of the form
Q=fmdsfm‘ds'rkxiij'my'n
k=-1,0,1...;1,j,m&n=0or 1 ©)

and can be solved analytically when As and As’
are any polygons.

The method is well-adapted to cells of
different sizes, shapes and orientations.

f

branch current

multi-face roof top basis function

Fig.2



3. Results

The geometry of a right-angle single bend,
with and without a chamfered corner, and a
right-angle double bend are shown in Fig.3.
The scattering matrix for each case is de-
embedded from the current distribution
obtained from the p-mesh model described in
section 2. The program can be run on a HP-300
workstation, or a supercomputer depending
upon the number of cells or the desired
accuracy for a given problem. To get
reasonably accurate values of a scattering
matrix, one needs about 20 cells per
wavelength in the wave propagation direction,
and only one cell in the transverse direction
for a typical 50 Ohm line. Generally, a 100
cell problem takes about 30 to 40 minute cpu
time on the HP workstation. For illustration,
the magnitudes of the x-directed and y-
directed current distribution are plotted in
Fig.4, for the structure shown in Fig.3a with a
voltage source placed away from the junction.
It is of interest to note that the current
vanishes at the outer corner of the bend but it
changes direction round the inner corner.

Figures 5§ and 6 show the magnitude and
phase, respectively, of S11 and S12 as a
function of frequency for the configurations
in Fig.3. At the low frequency end, the three
structures essentially have the same circuit
performance as expected. The differences
among the three are indeed noticeable at the
high frequency range. It appears that:

a. The radiation loss is negligibly small even
for frequency as high as 40 GHz for all
three types;

b. For frequencies beyond 30 GHz, the
reflection from the unchamfered corner
becomes relatively large;

c. Because of the interference between the
reflections from the two junctions, a double
bend can provide a Dbetter overall
performance in some frequency range.

substrate parameters:
t=0.24mm, €,=9.8
phase reference point

is chosen at the center
of the straight bend.

Fig. 3

Fig.4 (a) x - directed current.

Fig.4 (b) y - directed current.
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Figure 7 shows a comparision between the
calculated IS111 of the right-angle bend with
one cell and two cells in transverse direction.
Fast convergence is obtained.
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