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Abstract - This paper, present the derivation of a new
potential integral equation for the derivative of the surface
current with respect to a geometrical parameter for
microstrip structures embedded in multilayered substrate.
This new equation integral is solved together with the
original integral equation with the ameliorated moment
method [9]. From the geometrical derivatives of the surfaces
currents, geometrical derivatives of the S parameter are
obtained.
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1. INTRODUCTION

ACONSIDERABLE amount of work has been done in
recent years on the full-wave analysis of planar
microstrip structures as can be seen form the numerous
publications[1-4] in this topic. Such a rigorous analysis is
very often based on an integral equation formulation,
typically solved with the method of the moments. In this
work, we carry out a dynamic study of the analysis of the
sensitivities of planar microstrip structure using the
ameliorated moment method.

The shape sensitivities are obtained by the quasi-static
method [5], or by using the method of the finite
differences[2]. The first method provides only approached
solution. The second method is not enough precise and the
derivative or sensitivity, obtained with the new integral
equation is superior with respect to a finite difference
estimate [5]. The present paper presents the principles as
well as a method for calculating the derivative of the S
parameter with respect to an arbitrary geometrical parameter
using the new potential integral equation as a full-wave
analysis method. In this analysis, we have used the dynamic
approach [6,8], based on the ameliorated moments method
[9] and solution of Green functions for the dipole and
miccrostrip antenna [7]. Expression for the matrix elements
as a function of the basis and test functions is given.

Il. THEORY

The general geometry of planar microstrip circuit,
embedded in multilayered substrate is depicted in Fig.1.
The substrate consists of an arbitrary number of layers ,
stacked in the z — direction. Different types of geometrical

parameters appear in this multilayered planar microstrip
structure: thicknesses of the substrate layers (such as h; ,
h,), distances between metalization surfaces (e.g. d;) and
geometrical parameters pertaining to the surface itself like
width or length (e.g., Ly, L, or wy). We confine ourselves
to the last types of geometrical parameters. Derivatives
with respect to layer thicknesses will be the subject of
forthcoming paper. The surface current is assumed to
circulate only in the x direction in the strip [4,10] as
shown in Fig.1.
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Fig. 1. Example geometry of planar microstrip
structure embedded in a substrate.

The plane-wave spectral representation of the grounded
dielectric slab Green’s function , representing the x-
directed electrical field at(x, y, h) due to a an x-directed
infinitesimal dipole of unit strength at (Xq, Yo, h). The field
element integral equation is expressed by [6,11]:
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where Q(ky, k) is given in[6] and J is given by:
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The distribution of the transversal density current g(yo) (in
the y-direction ) is supposed uniform, it must verify the
condition [6,15]:
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and it’s Fourier transform F, is given by:
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Il - A. INTEGRAL EQUATIONS

From equation (1), the relation between the total incident

tangential electrical field and the surface current is given

by the potential equation integral defined by:

E(x,y) = J’J’G(x,y/xo,yo)j(xo,yo)dxody0 3)
x0y0

where G (X, Y/ X, Yo) is given by:
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The total derivative of the surface current with respect to
the geometrical parameter & ) is given by:
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This derivative satisfies the following integral equation:
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This new integral equation is obtained by applying the
flux transport theorem [12,13] on the original equation
integral (3).

Where R(X,y/Xo,Yo) is given by:

R(X,y/xo,y0)=Clo[(Vo—V)G(X,y/xo,yo] 7)
Vand y}, are the velocity vectors given in [12].

11-B. SOLUTION OF THE INTEGRAL
EQUATIONSWHITH THE AMELIORATED
MOMENTS METHOD

The two integral (3) and (6) will be solved with the
method of moments. The integral equation (3) is written
by imposing the boundary condition such as the total
electrical field ,due to all the currents in the line , is null.
This equation leads to :
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Where fn (x,y) is given in [6] and I;, I, and I; are the

incident, the reflective and the transmitted current
components given by:
li(x,y) = e )
li(x,y) = —Re/™ (10)
li(x,y) = Te (11)

R and T are the reflection and transmission coefficients.
To analyze this sensitivity, three dominant modes are used in
the representation of the incident, reflective and transmitted
currents. The transmitted current |; is introduced in the
equation (3) with additional PWS modes that have to
existin x,=-nd for n=1, 2,.Nandinx,=nd for
n=N+1, N+2,..2N.It results therefore 2N PWS modes.
Equation (3) is thus modified knowing that R, T, I,
become 2N+2 unknowns in order that one can solve the
equation (3) by using 2N+2 test functions[6]
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Where I:xm, I:xn ’ I:xm c I:xms ’ I:xmct ' I:xmm and Fxmst are
defined in [6,14].The substitution of the double
summation in the resulting integral equation, allow us to
define the impedance matrix by:
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Where the impedance matrix elements Zmn, Zms Zme, Zmsts
Zns are given in [6].Using the lower upper decomposition
technique for inversing the resulting impedance matrix, we
can resolve the matrix equation (13). This expression allows
obtaining the reflection coefficient R, the transmission
coefficient T and the I, coefficients.

If the total electrical field ,due to all the currents in the

line , is null. Equation (6) leadsto:
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To solve the second integral equation (6), we enforced it
with 2N+2 weighting or test functions .Then following the
same method for calculating the Z matrix from (3), we
will obtained W-matrix elements. The impedance matrix
of (6) is given by:
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Where the impedance matrix elements Zy, Zis Zmer Zmsty Zmst
are calculated during the solution of the equation integral (3) and
the impedance matrix elements Wi, Wis , Wine, Winst, Wing are
given in[12].Using the lower upper decomposition technique for
inversing the resulting impedance matrix, we can resolve the
matrix equation (15). This expression allows obtaining the
derivative, of reflection coefficient RS, the transmission
coefficient T and the IS,

1. EXAMPLE

We consider a transmission line with two parallel stubs on
an alumina substrate (g, =9.6 and h=0.635mm)(see fig.2).
The stubs have the same length L and change
simultaneously. The width w of the transmission line and
stubs is 0.635mm. We vary the length L from 0.3175 mm
to 3.4925 mm in step of 0. 3175 mm. The operating
frequency is 10 GHz and the electrical wavelength in the
substrate 11.7 mm. There are two surfaces of which the
shape is modified. The different velocity vectors for the
second stub are defined in terms of the same geometrical
parameter L in [12].

Fig. 2. Geometry and meshing of double stub
example.
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Fig. 3. Real and imaginary part of the transmission
coefficient and of the geometrical derivative of the
transmission coefficient at 10 GHz for the double stub
case.



The theoretical results for the transmission real and
imaginary part for the double stub, as shown in Fig. 2, are
compared with the theoretical results in [12], the
difference between our theory computations and those of
Urrel & zutter in [12] are less than 0.02 over the
frequency range, and the calculation time decrease more,
which present a good agreement.

IV. CONCLUSION

The underlying principles and derivation of a new integral
equation for the total derivative of the surface current with
respect to a geometrical parameter were presented. By
expanding the unknown total derivative of the current over
the same set of basis and test functions as the current,
numerically efficient computation of the geometrical
derivative becomes possible as a byproduct of the
electromagnetic simulation. S-parameter with respect to a
geometrical parameter are obtained. Calculation of the
matrix elements, filling and inversion of the impedance
matrix is performed once. The impedance matrix can be re-
used for each geometrical parameter.

The approach treats all possible geometrical parameters in
the plane of the circuit in a uniform way. Through the
examples we saw that the integral equation calculated
derivatives coincides well with those obtained in [12].

V. REFERENCES

[1] Jansen, “The spectral domain approach for MIC”,
Trans. Microwave Theory and Techniques, Vol. 1, no.
36, 1985, pp. 1053-1056.

[21 Z J. Cendes, “The transfinite element method for
modeling MMIC devices”, Trans. Microwave Theory
and Techniques, 1988, Vol. 1, no. 36, pp. 1639-1649.

[3] J. R. Mosing, “Arbitrarily shaped microstrip structures
and their analysis with a mixed potential integral

equation” Trans. Microwave Theory and
Techniques,1988, no. 36, pp. 314-323.
[4] J. X. Zheng, “Electromagnetic modeling of

microstrip circuit discontinuities and antennas of
arbitrary shape”, Ph. D. dissertation, 1990, Univ. Of
colorado-Boulder.

[5] K.G. Gupta, R. Garg, and 1.J. Bahl, “Microstrip I | lines
and SlotLines”, Dedhanr, MA : Artech House, 1979.

[6] A. Mayouf, “Analyse des discontiniutés Gap et
circuits ouvert de la ligne microruban par I’approche
dynamique basée sur les fonctions exactes de Green
et la méthode de galerkin améliorée” , Master
dissertation Univ. Of Setif, algeria, 1998.

[71 M. D. Pozar, input Impedance and Mutual Coupling of
Rectangular Microstrip Antennas, Trans. Microwave
Theory and Techniques, 1982, Vol. 11,
no. 30, 1982, pp. 1191-1196.

[8] X. Zhang and K. K. Mei, “Time-Domain Finite
Difference Approach to the Calculation of the
Frequency-Dependent  Characteristics of Microstrip
Discontinuities”, Trans. Microwave Theory and
Techniques, 1983. Vol. 1, no. 31, pp. 97-105.

[9] B. Souny H. Aubert and Bouddrand, “Elimination of
Spurious  Solutions in the Calculation of
Eigenmodes by Moments method”, Trans.
Microwave Theory and Techniques, 1996, Vol. 1, no.
44,pp. 154-157.

[10] R. W.Jackson and D. M. Pozar, “Full Wave Analysis of
microstrip Open End and Gap Discontinuities”, Trans.
Microwave Theory and Techniques, 1985, vol. 10, no. 33,
pp. 1036-1042.

[11] J. R. James and A. Henderson, “High behavior of
microstip open-circuit Termination”, IEE J. of
microwave optic and acoustic,1979, vol. 3, pp. 205-
211.

[12] J. Ureel and D.D. Zutter, “A New method for
obtaining the shape sensitivities of planar microstrip
structures by a full-wave analysis”, Trans.
Microwave Theory and Techniques, 1996, Vol. 1, no.
44, pp. 249-260.

[13] J. Van Bladel, “Electromagnetic Fields”, 2nd ed.
New York Hemisphere, 1985.

[14] F. Djahli, A. Mayouf and M. Dekik, “Modeling of
microstrip open end and gap discontinuities by an
ameliorated moments method”, Int. Journal of
Electronics, Feb 1999, Vol. 86, no. 2, pp. 245-254.

[15] F. Djahli, N. Lakhlef and A. Mayouf , “Full-Wave
Modeling of Microstrip Bend, Step, T-junction and
Crossing discontinuities”, Conférence Maghrébine
en Génie Eléctrique, CMGE’99, 4-6. Dec. 1999.



