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ABSTRACT

The finite element method and the spectral

contact coplanar waveguides because the range domain

size.

INTRODUCTION

domain approach are used to optimize M.I.S. and Schottky

For analog devices the existence of propaga-

tion modes with very low phase velocity on M.I.S. and

Schottky contact planar lines allows the reduction of

dimensions of distributed components.

Furthermore, the propagation properties of

Schottky contact lines can be modulated by O.C. bias

voltage.

In fact, to be used in monolithic technology

the semiconductor substrate must be multilayered one

with semi insulating region under the active layer

[fig.11.

of the slow wave

Until now, results have been presented to

1,2,3,4,5
show the validity of analysis and compared

6
with experimental results obtained by H.HASEGAWA .

The purpose of this paper is to study the

effects of all parameters (width of the strip and of

the slote, conductivity and thickness of the epitaxial

layer) on the slow wave domain and on the attenuation.

I - ANALYSIS

Two analysis have been used to study the

propagation in M.I.S. coplanar lines. The first one is

the finite element method
‘1

(F.E.M. I and the other

the spectral domain approach 2 [S.O.A. I.

These

mode depends stronger

numerical methods are

the geometrical

commonly used to stu-

dy the propagation in lossless cases but in these lines

losses cannot be taken as a perturbation and analysis

have been developed taking into account the conductivi-

ty of the epitaxial layer.

1. Finite element method
7

Maxwell’s equation in dissipative mediums are de-

veloped in considering E and H as vector distributions.

The F.E.M. is applied to transform the problem

into a matrix system. The method consists in dividing

the cross section of the waveguide into triangular sub-

domains. The longitudinal components EZ and HZ of the

electromagnetic field are written as :

‘z
=Fa i @li(x,yl

‘z
= ; bi @i[X,y

i=l i=’1

@i(X.y] are fUnCtiOnS defined on each triangular sub-

domain. The final matrix system is of the form :

AX=lBX

where A and B are two symmetrical complex matrices and

X a complex vector representing the longitudinal com-

ponents of the electromagnetic field at each node of

the cross section.
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For a fixed frequency, if Y = a + j~ is the

complex propagation constant, an iterative procedure

on t and f3 is used to solve (11

2. Spectral domain approach
2

The field components of the hybrid guided

waves are expressed in term of &z[a,y) and fiz(a,y)

the Fourier transform with respect to x of the axial

electric and magnetic field components EZ(x,y) and

HZ IX, YI. The boundary conditions at the different in-

terfaces can be written as :

where D is the ordinate of the metallic strips, Ei the

real or complex relative permittivity of each medium.

The solution of this set of equations is then achieved

by means of Galerkin’s method, in which the electrical

field components in the slots are expanded in suitable

series of basis functions.

II - RESULTS

Theoretical results obtained by the two nume-

rical method are presented on fig.2 and compared with

6
experimental results , The S.D.A. is easier to set up

than the F.E.M. and especially if only few basis func-

tions are used. The increase of the number of basis

functions up to 14 slightly increase the values of the

slow wave factor. So, two basis functions can be used

to optimize the structure. But for narrow strip it is

necessary to increase the order of expansion, in order

to take into account the coupling between the two slots.

Fig.3 gives an example of M.I.S. coplanar line

realized on a thin epitaxial layer (0.7 Urn] used in

monolithic technology : a slow wave appears only at

very low frequency. A difference between experimental

and theoretical attenuation is observed but it can be

explained by the fact that the conductor losses have

8not been taking into account .

Fig.4 and Fig.5 show that the slow wave do-

main can be extanded if narrow strips are used although

the slow wave factor decreases slightly.

Two other parameters are important : the conduc-

tivity and the thickness of the epitaxial layer.

It has been shown the existence of an optimum

4,5value of the conductivity at which the attenuation

presents a minimum and the slow wave factor a maximum.

The slow wave domain can be also extended by the use of

a large active layer but for monolithic application

this Darameter must be rather small

CONCLUSION

These results are a first contribution to the

optimization of MIS and Schottky contact coplanar lines

The effects of all parameters on the slow wave

domain are inspected. Thie step is necessary before

making applications of these linee in monolithic

technology.

REFERENCES

1.

2.

3.

4.

5.

6.

7.

8.

M. AUBOURG-J.P. VILLOTTE-F. GODON - Y. GARALJLT
Analysis of microstripline on semiconductor substra-
te.

1981 MTT-S International Microwave Symposium
June 15.19 LOS ANGELES.

P. KENNIS-L. FAUCON
Rigorous analysis of planar MIS transmission lines

Electronic Letters 1961 17 pp.454-456.

P. KENNIS - M. AUBOURG and all

Properties of microstrip and coplanar lines on semi-

conductor substrate
E.M.C. HELSINKI sept. 1982.

Y.C. SHIH - T. ITOH
Analysis of printed transmission lines for monolithic
integrated circuits.
Electronics Letters 1962 18 n014 pp.565-586.

R. SORRENTINO - G. LEUZZI

Full wave analysis of integrated transmission lines

on layered 10SSY media.

Electronic Letters 1982 VO1.18 n014 pp.607-609

H. HASEGAWA - H. OKIZAKI

MIS and Scho-tky slow wave coplanar striplines on
GaAs substrate.
Electronic Letters 1977 n013 pp.663-664.

M. AUBOURG-J.P. VILLOTTE-F. GOOON-Y. GARAULT
Finite element analysis of 10SSY waveguide

IEEE Trans. Microwave Theory and Techniques

march 1983.

0. JAEGER
Slow wave propagation along variable Schottky con-
tact microstripline

IEEE Trans. Microwave Theory and Techniques
VO1.24 n09 sept. 1976.

397



H&“-b&

%

E2 ,is2

E3

Fig.’l : PIIS coolmar line.

+
1

d
E

H
51

~+y
0( :2

—-— 2 basis functions

//’” ]
d:~. mm

} S. D.A.
--- 1’4 basis fdnctia..

— F. E.>1. t“ J

1
,,/ ,f

24 /’ // I

+--++=+

1
/’ ,/ @.&

22 ,
/,

, //

/’ ,
21

/
/’ ,

//
,’ /

I
%, I

/

0.5 ! ‘x)”
fig.5

;, 1
_ .Jo/ i I

-,: ~ 8,s
e. ,.-”

:/’

:/

,,-

,.-

31 .’
/’

34 /’
.’

29 /

,’
28- ,’

0.1
27- ,’

28

/

s.34vlr—.—-
2s

8.s

24

n !lI = 0,4 Pm HE=3UM

22 Cq = 8.5 Ez ‘
S3 = 43

21 Wz = 0,18 x 105
~-lm-l

20 ~
!8 28 3a 40 59 68 78 80 d“%a

U(m!crord
fig.4

ACKNOWLEDGEMENT : This work is supported by the “Direc-
tion G6n6rale des T616communications “Convention
n“ 82 35 100 00 790 75 00.

398


