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Shielded microstrip lines are widely used in microwave integrated circuits where they perform a great variety of
functions. It is therefore very important to have an accurate knowledge of their characteristics, i.e. phase velocity
and losses as a function of geometry and frequency. Because all interconnects analyzed in this program are within a
shielded environment, losses due to surface waves, leakage and radiation are not present, and therefore only dissipative
losses, including conductor loss and dielectric loss, are considered.

The FORTRAN 77 program PROPAG.F was written to compute the complex propagation constant (i.e. phase

and attenuation constants) and current distribution of the hybrid modes propagating in a two-dimensional shielded

multilayered microstrip structure.

1 GEOMETRY

The general version of the program solves for the microstrip modes that propagate in structures as shown in Figure 1.
The development considers an infinitely long inhomogeneously-filled waveguide, with several microstrip lines on
different levels in a multilayered configuration with lossy dielectric layers, as well as finite conducting strips and
ground planes. In this work, both longitudinal and transverse components of the strip current are included in the
computational implementation and therefore no restriction is placed on the width of the strips. The theoretical
method uses a full-wave approach so the validity of the technique is not limited with respect to the operating
frequency.

The conducting strips are assumed to have finite conductivity o (input) and thickness t. The conductor thickness

is usually small compared to the strip dimensions, however this need not be the case, especially in monolithic
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Figure 1: General shielded microstrip configuration

microwave and millimeter wave integrated circuits on GaAs. Also, in practical circuits the strips are usually at least
two widths away from the side walls of the waveguide to avoid coupling, therefore losses due to finite conductivity
of these walls are neglected in this derivation. However, the effect of a lossy ground plane is analyzed.

The dielectric regions are assumed nonmagnetic (s, = 1) and have a permittivity ¢, (input). Dielectric losses

are accounted for by assuming a complex permittivity for each layer i as

6 = 6 {1 —jtané;) (1)
which in turn implies that the propagation constant 5. = jk. is a complex quantity with
v:=a + 3B = jk, (2)

In equation (2), a is the total attenuation of the propagating wave and f is the phase constant. In the two-

dimensional problem, each microstrip mode propagates rectilinearly along the z-direction with a dependence of the

form el (wt—ks2)

2 Formulation

An integral equation method is developed to solve for the complex propagation constant of the microstrip modes

En=[ [ [ &6 i 3)



where the Green’s function G included in the integral equation is formulated using a generalized impedance boundary
formulation [1].

The microstrip ohmic losses are evaluated through the use of an equivalent frequency-dependent impedance surface
Z which is derived by solving for the fields inside the conductors [2]. This impedance surface (input) replaces the
conducting strips and takes into account the thickness and skin effect of the strips at high frequencies.

In view of the new boundary condition on the conductors, Pocklington’s integral equation becomes

Tw= [ axE @y T b 4)
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The method of moments is used to solve the integral equation which results in a homogeneous system of simultaneous
algebraic equations that can be solved by setting the determinant of the impedance matrix [Z] equal to zero. The

roots of the determinant correspond to the propagation constants of the excited modes.

3 DESCRIPTION

3.1 Menu

The menu is a user-friendly program that allows for on-screen creation of the input data file or for direct reading of
the data from an input file. The program prompts for an output. file name where results are to be stored. Geometrical
dimensions for the inhomogeneously-filled wavegunide and the strips are to be entered in meters. Conductor losses in

the top and bottom walls may be included, in which case the conductivity of the walls should be given.

3.2 Program

Based on the theory presented in the previous section, the complex propagation constant in high frequency intercon-
nects is evaluated as a function of various parameters by using Muller’s algorithm with deflation. The PROPAG.F
program calculates the roots of (4) by calling the IMSL routine ZANLY T and its required subroutines [3], i.e.
UGETIO,USPKD , UERTST. The routine ZANLYT is a FORTRAN code which finds the zeros of a univariate
complex function using Muller’s method. These subroutines have to be bound to the main program PROPAG.F
for the program to run. If this library is not available, another complex search routine may be substituted in the
subroutine mullerin.

The generalized integral equation (4) is solved numerically using the method of moments. The program will
prompt for a choice between subsectional basis functions (pulses) or entire domain basis functions (Chebychev
polynomials). In the latter case, the basis functions result in closed-form integrals that simplify to Bessel functions
of integer order. These Bessel functions are calculated in the subroutine BESJRI based on recursive relations
[4]. The testing functions are chosen as Chebychev polynomials whose integrals are expressed in terms of spherical
Bessel functions which simplify to complex sines and cosines. For the case of pulse functions, the basis and testing
functions result in simple trigonometric integrals. However, use of these subsectional basis functions will result in

larger matrices, and is added here for comparison purposes.



The inversion of the matrix and the calculation of the determinant are computed by LIN PACK routines for

complex matrices.
o subroutine CGESL(a,lda,n,ipvt,b,job) : solves the complex system A * X = B

o subroutine CGEDI(a,lda,n,ipvt,det,work,job) : computes the determinant and inverse of a matrix using the

factors computed by CGECO or CGEFA

o subroutine CGECO(a,lda,n,ipvt,rcond,z) : factors a complex matrix by Gaussian elimination and estimates the

condition of the matrix

Each element of this matrix involves a summation over the modes of the inhomogeneously filled waveguide along
the y-direction. The number of modes considered and the number of basis functions (input) are chosen large enough

to insure convergence.

3.3 List of pertinent variables

e kz : non-normalized propagation constant (complex)

e ky(m) : y-directed phase constant (real)

kz(m) : x-directed phase constant (complex)

e det : determinant of the impedance matrix z (complex)

JJ : Bessel function of integer order (real)

icoeff : Chebychev integrals for the basis and weighting functions (real)
® gyy,9gyz,92y, g2z : impedance submatrix elements (complex)

e t : Green’s function components (complex)

z : final impedance matrix containing all elements (complex)

3.4 Limitations

The program PROPAG.F is a generalized code that can handle any number of dielectric layers and metallic strips.
However, for programming purposes, the arrays have been dimensioned to a maximum of 20 layers. In this version
of the program, the strips should be at least two widths away from the side walls, and should be located either on

the same interface or within two adjacent layers.



4 VERIFICATION

Using the approach described in the previous section a computer program was developed to calculate the complex
propagation constant. The validity of this program has been verified in the case of thin conducting lines on lossy
substrates. Good agreement with other methods such as the finite element method (FEM) and the spectral domain

method (SDM) is shown in Figure 2 [1].
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Figure 2: Conductor and dielectric losses of a single strip versus strip width (a = 10 mm, b = 20 mm, d = 1lmm,

e = 10,0 = 3.33 x 107 S/m, tané = 2 x 10~%, f = 1 GHz, t = 0.01 mm )



5 I/0 FILES AND CODE

5.1 Screen sample
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5.2 FORTRAN code
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