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ABSTRACT

A rigorous hybrid mode analysis is applied to the microstrip line on anisotropic

substrate to determine its high frequency performance. The treatment is limited to

substrates with uniaxial anisotropy with the principal axis perpindicular to the

surface. This includes the practically important case of microstrip lines on Sapphire.

The exact results obtained are used to check the validity of the previously introduced

concept of equivalent isotropic substrate,which was used by some authors to simplify

the calculations of the high frequency parameters of such lines

I-Introduction

Crystalline substrates,e.g. Sapphire,are
used in microstrip lines intended for use in
some applications.They have certain advanta-
ges over ceramics,which include:lower losses,
higher homogeniety and lower variations ot
electrical parameters from specimen to spec-
imen.However,being anisotropic,tney lead to
electrical performance of lines which differs
somewhat from that of lines on isotropic sub-
strates usually used .

The quasi-static characteristics of micro-
strip lines on anisotropic substrates have
been investigated by several authors /1-5/.
They studied mainly the static parameters of
the lines,obtained from the solution of elec-
trostatic problems .Some authors suggested
that the effect ofanisotropy can be accounted
for by the introduction of some equivalent
isotropic medium with some effective parame~
ters.Thus,with uniaxially anisotropic subst-
rates cut with the optical axis perpindicular
to the plane of the substrate,it was assumed
/4/,that microstrip lines with substrate th-
ickness d and relative dielectric constants
in directions parallel and perpindicular to
the axis Ez’ St
if they were isotropic with relative dielect-

respectively,will behave as
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ric constant &
e

and effective substrate
thickness de given by:

de= d Vv et/ &z ' Ee= Vet 8z -

Width-dependent equivalent parameters were
introduced by Edwards & Owens/1,2/ and were
shown to give sufficiently accurate disper-
sion characteristics when used with existing
wave theories of microstrip lines on isotro-
pic substrates .

The purpose of the present paper is to pre-
seht a rigorous treatment of microstrip lines
on anisotropic substrates and to check the
validity of the previously introduced assump-

tions over an extended range of frequencies.

IT-Formulation and Solution of
the Problem:

The configuration of the microstrip line
is shown on fig.l,where the coordinate axes
are chosen with the z-awie perpindicular to
the plane of the substrate.The permittivity

tensor of the substrate material is taken in

the form:
g 0 0
A t
€=E|lo & o
t
o o &
z



The analysis is performed using the func-
tion theoretic approach,which was applied to
microstrips/6/.It can be shown,that the pro-
blem reduces to the solution of the two sets

of equations :
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where ,z:ﬁx),/xxpc)are the minus-functions,
resulting from the factorization of the

functions:
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The dependence on the longitudinal coordinate

Where

y and the time t 1is taken in the form

cll@t-2y) o -is a complex variable used

as a parameter in the Fourier transforms of
s
. o,

respectively in the

the fields in the direction of x .

are the poles of ){,){é
upper half-plane of ¢ .

Coefficients An'Bn define two functions
) = 2 S
; n=0 < n
- - _9
Py (o) = 2 —£ _ B,

which are some combinations of the transfor-
ms of the tangential components of the elect-
ric field at the plane of the strip z=0.

The propagation constant ]‘ is calculated

from the conjugate conditions:

Fl(#i ) + 1 F;(ii)") =0 .

III-Numerical Resultg and Conclusions:

Comparing the expressions fornjf,/X; with

thier expressions in the isotropic case,i.e.
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when Ez:'at =E-r , we notice that,except
for the root Rz’ function sz keeps its form.
It was shown/6/,that the TM-to-z component
of the field,which is described by the func-
tion _}5 ,dominates at low frequencies.This
leads to the conclusion, that the equivalent
isotropic parameters can be introduced in the
manner suggested by Horno/4/ and are expected
to give accurate results in the quasi-static
limit .

However,it can be shown ,that due to the
RZ inzx; the high fre-

quency limit of the effective microstrip di-

presence of the root

electric constant & is always & irres-
z

pective of the line gfiensions and it appro-
aches this limit faster as the strip width
increases.This situation favours the use of
width-dependent parameters if the microstrip
dispersion is to be taken into account .
Computations have been performed using the
present theory to calculate the high fregue-
ncy performance of microstrip lines on Sapp-
£t=9.4, Ez=11.6

dimensions of some of the lines investigated

hire substrates with and
by Edwards & Owens/1,2/,and the results are
given on fig.2-8,2-b, showing very good agr-
eement with experimental mezsurements .
Calculations were also conducted using the
eguivalent isotropic parameters suggested by
the same authors.They were compared withthe
results obtained from the present theory,

leading to the following conclusions:

1-Values of Eeff

Zo calculated using the isotropic parameters

and the line impedance

suggested by Horno differ by about 4% at
5 GHz up to 9% at 40 GHz from the results of
the theory.Therefore they can be used mostly

for rough calculations .

2-The width-dependent equivalent isotropic
substrate dielectric constant introduced by
Edwards &Owens leads to values of Eeff ,Zo
agreeing very well with the theory up to
25 GHz @and differ by less than 2%

40 GHz over the range of frequencies

about
up to
and geometries considered.Therefore this equi-
valent dielectric constant is expected to
give accurate results over wide freguency
range when used with simplified theory or

model accounting for dispersion in microstrip



with isotropic substrates for CAD .

3-When the microstrip is to be used at
higher freguencies or when higher accuracy
is required,rigorous theory has to be used

for the determination of its performance.
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Fig. 1.- Microstrip configuration.
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Fig.2-a : Dispersion characteristics
of microstrip line on Sapphire subst-

rate. £.=9.4 , & =11.6 theory,
—————— results forzequivalent isotropic

substrate , ® experimental results of

/2/.
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Fig.2-b:Characteristic impedance of

microstrip line on Sapphire substrate

as a function of frequency .



