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TECHNICAL MEMORANDUM

Asymmetric microstrip lines on anisotropic
substrates with material axes inclined in the

transverse plane

T.Q. Ho
B. Beker

Indexing term: Microstrip and stripline

Abstract: The frequency-dependent characteristics
of shiclded asymmetric microstrip lines on uni-
axial and biaxial substrates are presented in this
memorandum. The permittivity tensor of the sup-
porting medium is assumed to have off-diagonal
elements due to the misalignment between the
waveguide co-ordinate system and that of the
material. New data for the dispersive properties of
the asymmetric structure are provided for {re-
quencies up to 40 GHz.

1 Introduction

Anisotropy is observed in a variety of practical substrates
that are intended for use in microwave and millimeter-
wave integrated circuits (MICs). The anisotropy in some
materials, ¢.g. boron nitride and sapphire occurs natu-
raily, whereas in others, such as in the Epsilam-10 sub-
strate, it is acquired during the fabrication process. As a
result, the propagation properties of microstrip lines
printed on these substrates are quite different from those
printed on commonly used isotropic materials [1-2].

Until now, in the study of microstripline-guiding struc-
tures, there are only a few fullwave approaches that take
into account the off-diagonal elements of the permittivity
tensor. In the work of Tsalamengas [3], open microstrip
lines printed on anisotropic substrates were examined;
however, no data on their dispersive characteristics due
to the off-diagonal elements were provided. In a more
recent paper by Geshiro et al [4], another fullwave
approach for analysing the same structure is presented,
along with some data on the effects of misalignment,
which is in the longitudinal planc along the direction of
propagation.

For shiclded MICs, dispersion characteristics were
presented for edge-coupled lines printed on substrates
whose principal axes of the permittivity are inclined in
the transverse plane [5]. More recently, for substrate
materials that are simultancously characterised by per-
mittivity and permeability tensors, fin-line structures
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were also analysed using the spectral-doman technigues
[6)

In this memorandum, the characternstics of shiehded
asymmetric microstnip lines prointed on cither umaniad o
biaxial substrates are examined This study, unhke some
others conducted carlier, treats the geometry of the
guiding structure as being asvmmetric about the centre of
the housing. Such structures are often encountered in
practice as many times the maximum use of substrate
space 1s the goal of the design. The propagation proper-
ties of the asymmetric microstrip lines are exanuned in
detail, especially when they are printed dose to the sde
walls of the enclosure. In addition, a study to see how the
misalignment between the matenal co-ordinate system
and that of the waveguide effects the propagation proper-
ties of these lines is also conducted. The formulation of
this problem is based on the spectral domain method

2 Theory

The cross-section of the shiclded asymmetric microstrip
line under investigation 1s shown m Fig | The metal
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Fig. 1 Geometry and dispersion characteristu s of shicided asymmetr i

microstrip line on isotropic substrate

This methad
¥ »  Schmdt {8]
strip of width W that is printed on top of the amsotropic
layer of thickness h,, is situated inside a housing of
dimensions b and (h, + h,;). The strip 1< jocated a dis-
tance d away from the left-hand side wall, and the
spacing between the centre of the metal strip and the
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where ¢, £, and ¢, are the principal values of the tensor,
£y 18 the free-space permittivity, and § is the rotation
angle between the material co-ordinates and those of the
waveguide.

To formulate the boundary-value problem in the spec-
tral domain, the following definition for the Fourier
transform is eraployed.

+b/2
Dx, o) = @(x. ylelr dy
~br2
with
2
a:-:-’f = =3, -2 -1,0,1.2,3, ... (2)

where @ denotes any component of the E- or H-feld,
which due to the asymmetry of the structure must include
both sine and cosine {or exponential) terms. The solu-
tions for the tangential electric fields in the amisotropic
region can be obtained by solving the following fourth-
order differential equations

d*E, , &E, d’E, ,
—de“ +c,.d, —de3’ +c¢,5,4d, dxz‘

dE_ . .
+c3,d3—2f—=+chd,,5,.‘z=0 (3a, b)

The coefficients ¢, and d, through to ¢, and d,. which
appear above, can be written in terms of the medium
parameters, the transform varnable a and the propagation
constant §; all of which are defined in Reference 6. In the
isotropic region, the corresponding electric-ficld com-
ponents can be derived in terms of the potential functions
for etther the TM or TE fields, as described in Reference
(71

By applying the appropriate boundary conditions for
tie electric and magnetic fields at the air-anisotropic-
layer interface, i.e. at x = h; the following set of matrix
equations can be obtained

[2,,@ A m][f,(a)}:[i,(a,h,)'} @
2o, B 2,0 B T@] LEfa h,)

where Z_ (a, B). Z,(«, B), Z,,(a, B), and Z, (a. f}) represent
the impedance of Green's function elements. In the above
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where J, s the Bessel function of order ero Note that
both J_(2) and J, {2) i eqns 6u b have been adpusied
so thit the metal stnp may be arbirandy displaced any-
where from the centre of the housing along the -
anisotropic-substrate interface

Fraally, the standard Galerkin method » apphied 1o
find the propagation contant {7} This s done by wub-
stituting egns. Sa, b mto egn. 4 and forming appropnate
mner products among J,, (a)s, and independently amony
f,,,,(:z)s: The characteristic or secular equaton of the
resulting matrix system 15 then obtained and solved for
the propagation contant f by scarching for its roots | 7]

3 Results and concluding remarks

In this Section, we examine the behaviour of the effective
dielectric constant &, = {fifkg}’ when the shiclded
microstrip 1s printed on the amsotropie substrate and
displaced from the centre of the waveguide housing The
two substrate matenials under consideration are the
boron nitride and the PTFE cloth. The cloth matenial s
biaxial, whercas boron nitride 15 umaxial The two spe-
cific propertics that are examined include the frequency
response of ¢,,, under the perfect ahgnment of the two
co-ordinate systems, and the response of ¢,,, under the
misalignment of the axes at any angle 0. both as func-
tions of §.

The validation of the formulation and its numerical
impiemnentation was carried out in two forms. First, the
offset paramcter § was set equal to zero and the disper-
sion properties of the microstrip were compared to those
presented carlier in Reference 2. The agreement beiween
them was found to be very good, and as these resuits arc
available {2], they werc omitted here. Next, the cffective
diclectric constant was also computed for the asymmetric
microstrip whose substrate is isotropic ¢, = 2.2, and
whose physical dimensions are b = 355 mm. h =
0254 mm, h, = 3429 mm, and W =03mm. The
numerical results at 33 GHz for this structure are shown
in Fig. 1. and as can be scen, the agreement between the
calculated and existing data {8) s very good.

When the substrate s 0.508 mm thick and 1t 1
mounted mside a waveguide housing with dimensions
b =355 mm and (h, + hy) = 3556 mm. Fig 2 shows
how the effective dielectric constant for the boron nmitride
and PTFE cloth varies with frequency for different values
of S. For this set of physical dimensions of the structure,
all data are computed from SGHz to 40 GHz with
=0 In general, the cflective dielectric constant
mcreases with the frequency for all vatues of S, However,
as the strip moves away from the centre of the housing
(§=0) ., decrcases slowly for small displacement
values, and then drops off considerably when the strip is
sttuated close to the side wall of the waveguide As the
strip offset parameter § increases from 0.0 mm to 1 4 mim,

TEE PROCEEDINGS-H Vol 139 No S OCTOBER 1o9?




from 4‘.58“,‘;)‘ to 7.03%, and\3.73“f‘,rljx§ 7.04%, (1e from when

for the PTEF cloth and boron nitride, respectively
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Fig 2  Frequency response of effective dielectric constant against S of
microstrip line on boron nitride and PTFE cloth

Boron nitride: ¢, = 34;¢, = 512, ¢y = 512
PTFE cloth: e, = 245, ¢, = 289:¢, = 295
be=355%mm h, =0508mm h,=3048mm W =0508mm 6=0

The response of the effective dielectric constant of the
line when the waveguide and the matcerial co-ordinate
systems are misaligned is examined next. Ali physical
dimensions are still the same as those specified earlier,
and the same two substrates are used. The frequency this
time is fixed at 20 GHz, and for each substrate, a family
of curves, just like those presented before, are generated
with respect to different values of the offset parameter S.
It can be observed from Fig. 3 that as the rotation angle
increases from 0° to 90°, the eflective dielectric constant is
becoming larger also. Again, a similar trend to that
observed earlier is evident as § increases from 0.0 mm to
1.4 mm. Specifically, the value of the effective constant
¢.;¢ can be reduced by displacing the strip farther from
the centre of the housing. When the misalignment angle 8
is 90°, the corresponding changes in ¢, for all values of
S appear to be more profound than those at 8 = 0° for
both types of substrates. These variations are expected to
become even larger as the operating frequency moves

1EE PROCEEDINGS-H. Vol 139, No 5, OCTOBER 199
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