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A Scattering-Type Transverse Resonance
Technique for the Calculation of (M) MIC

Transmission Line Characteristics
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Abstract —A scattering-type formulation of the transverse res-
onance technique is introduced and applied to a variety of
currently practical (M)MIC configurations. By utilizing a reflec-
tion coefficient matrix representation of boundary conditions,
the characteristics of open, conductor-backed and shielded mi-

crostrip, tdotline, or coplanar waveguide can be calculated.
Excellent agreement with measurements and theoretical data on

fundamental and higher-order mode characteristics is obtained.

In contrast to other methods, which require mainframe support,

the software based on this formulation is operational on 386-

compatible personal computers.

I. INTRODUCTION

T HE CONVENTIONAL transverse resonance method

for transversely discontinuous waveguides [1] such as

finlines or shielded microstrip is a well-known technique

to calculate the propagation characteristics of quasi-planar

transmission lines structures. Although the restrictions to

moderate and larger slotwidths [2], [3] can be reduced by

using an improved transmission-matrix formulation for

cascaded discontinuities [4], precisely defined boundary

conditions are still required to formulate the resonance

condition of a structure. Whereas many shielded configu-

rations with electric-wall boundaries have been analyzed

for their propagation constants and characteristic

impedances, open structures as applied in (M)MIC cir-

cuitry have not yet been solved with this model. An

admittance approach of the transverse resonance tech-

nique has been used to investigate partially open configu-

rations such as the groove guide [5] and the dielectric

image guide [22]. However, since open and short-circuit

boundaries are introduced in terms of tangent and cotan-

gent functions [22], respectively, singularities for certain

combinations of dimensions and frequency constitute a

potential source for numerical inaccuracies. These prob-

lems are unknown to the scattering-type formulation pre-

sented here.

Modern integrated circuit technologies, such as MIC,

MHMIC and MMIC, employ conductor backing and

shielding, which influence and, in most cases, invalidate

circuit parameter values computed by conventional meth-

ods. Problems have been addressed which are related to
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conductor-backing effects [6], [7], mode conversion [8],

dense packaging [9], [10], leakage [11] and radiation [12].

Most of the theoretical models available, however, are

presented for very specific problems, thereby neglecting

important parameters such as the strip thickness, e.g.,

[11], [12], are based on static approaches [13], [14], which

become invalid even for medium-low frequencies, or rely ,

heavily on mainframe computer support [15] -[17]. An-

other method, which is based on modifications of simpli-

fied models, is demonstrated for microstrip-like structures

only [18]. None of these methods combine a generality in

analyzable structures with workstation-applicable soft-

ware.

Therefore, a scattering-type formulation of the trans-

verse resonance technique is introduced in this paper.

This method allows the calculation of different (M)MIC

transmission line structures, such as microstrip, slotlirte

and coplanar waveguide, in open, conductor-backed or

shielded circuitries Fig. 1 by using one and the same

algorithm. By introducing transverse boundary conditions

in terms of reflection coefficient matrices, the transverse

resonance procedure can easily be adapted to include

open, conductor-backed and shielded configurations while

the resonance condition itself remains unchanged. More-

over, the method preserves numerical stability by allowing

the number of expansion terms in different subregions to

be individually selected. The main advantages of this

formulation are, firstly, that the Fortran software code is

operational on 386-type personal computers, while com-

petitive models usually require main-frame support and,

secondly, that although losses have not been included, the

results in terms of effective permittivity and characteristic

impedance are in good agreement with those obtained by

the corresponding competitive models.

II. THEORY

According to the scattering-type formulation of the

transverse resonance method, the electro-magnetic field

in subregions i = O-IV (cf., Fig. 2(a)):

—vxvx(A:zz.) +vx(Aix~x)@= 1 (1)
jmc’

$= =J7xvx(Aixi?x) +vx(A;xz) (2)
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is characterized by incident and reflected waves in x-

directions. Therefore, in regions i = O,I, II, IV, the poten-

tial functions read
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~=1
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Fig. 2. Field theory treatment. (a) Subregions and wave amplitude

vectors. (b) Scattering-type representation.

(3)
conditions for open, conductor-backed and shielded con-

figurations apply to all of the above-mentioned possibili-

ties. This is a direct consequence of the scattering-type

representation of the transverse resonance method, which

can briefly be described as follows: By matching the

(4) tangential field components at interfaces x = – d, O and

x = O, t the modal scattering-type representation of the

dielectric substrate (&) and the metallization ($,) are

obtained (cf., Fig. 2(b)). The only difference to the gener-

alized scattering matrix is that the amplitude coefficients

are not normalized and, therefore, may exceed the unity

value. As Ax approaches zero (Fig. 2(a)), vectors ~“ and

(5) ~“ are related by

(cf., Fig. 2(b)). Hence the transverse resonance condition
can be formulated as

(6)

AL, Bi and Ci, Dz(i = O– IV) are amplitude coefficients,

which are combined to vectors ~i and ~‘, respectively, in

Fig. 2(a), and don in (5) is the Kronecker delta.
Due to the flexible slot position and size in region III,

and to the different conditions at y = O and y = b/2

(electric and magnetic wall, respectively, cf., Fig. 2(a)),

this method offers the possibility of analyzing all (M)MIC

structures which are currently of practical interest. The

microstrip structure of width w is calculated by letting

c = O, hence s = b/2 – w/2. Furthermore, with c = O but

small s, a slotline of slotwidth 2s is formed. The general

structure for the coplanar waveguide is shown in Fig. 2(a).

It should also be noted that, in general, coupled slots can

be computed in terms of their even and odd mode charac-

teristics. The main advantage of this method is that the

[l- IinLmt]l10 = 0 (8)

where 1 represents the identity matrix. For the different

cases of open, conductor-backed or shielded configura-

tions, the reflection coefficient matrices 17. r are given—In,—out
by

Open structure:

Conductor-backed structure:

~r=o, ~l=–l, ~out=Jd22– ~d21[~+ $dll] - 1$d12(10)
with ~i~ as in (9);

Shielded structure:

()(IJ) = : ;
— —

(11)
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Fig. 3. Convergence analysis for open slotline; N = number of expan-

sion terms in regions O, I, II, IV. M = number of terms in region III.

where

(12)~ = diag{ ~ e-]zkj~h},

Ii. = S.S11 + SS121~[J– J,S22L1‘1SS21> (13)

and ~1, ~oUt as in (10).

The zeros of the determinant in (8) specify the effective

permittivity values. After solving for the amplitude vec-

tors ~’ and lj’f, the characteristic impedance is calculated

using the power-voltage definition.

The convergence behavior of this method is demon-

strated in Fig. 3 at the example of an open slotline. By

keeping the number M of slot terms low, a good conver-

gence characteristic is obtained with about N = 20 modes.

Increasing the number of slot terms, however, can lead to

numerical instabilities as can be seen in the right half of

Fig. 3 for M >10. Based on this analysis, the results

presented in this paper have been calculated with N

between 20 and 30. For given N, M is determined by the

ratio of dimensions, e.g., M = 2Ns\ b. The CPU time

required to calculate E,eff and ZO varies between five and

twenty minutes per frequency sample on a 386 compatible

work station.

III. RESULTS

For open structures, Fig. 4 shows a comparison be- ‘

tween data obtained by this method with theoretical and

experimental results available from literature. Fig. 4(a)
compares the effective permittivity with measurements

carried out in [191. Although the finite strip width of the
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Fig. 4. Comparison of characteristics of open structures obtained using

this method (solid lines) with measurements and with other theoretical

data. (a) Open slotline (++ measurement [19], –– ridge waveguide

model [20], d = 635 pm, t = 7.03 pm, s = 500 pm, .s, = 9.7). (b) Open

coplanar waveguide ( + + theory [21], b = 4 mm, d = 1mm, t = 5 pm,
w = 300 ym, s = 250 pm, 6, = 11).

model values are found to be slightly higher than those

resulting from the magnetic wall assumption. This ten-

dency is confirmed in Fig. 4(a) when comparing the mea-

sured values ( + ) with the solid lines of this theory. The

dashed line represents the results of Cohn’s theory [20]

for the open slotline. Since a ridge waveguide model is

used in [20], the method fails at lower frequencies. Close
agreement is also obtained by comparing the results of

this method with those for the open coplanar line pre-

open slotline in [19] has been replaced by the magnetic sented in [21] (Fig. 4(b)). The slight deviations in effective

wall model in this theory, good agreement is obtained. permittivity and characteristic impedance are due to the

The two slotline models (finite strip and magnetic wall) finite metallization thickness considered in the present

have also been analyzed in [16] where the finite strip method, as has already been observed in [3].
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Fig. 5. Comparison between MMIC results obtained with this method (solid lines) and those of Heinrich [15] -[17]. (a)

Open microstrip line (++ [17], d = 200 ~m, f = 6 ~m, E.= 12.9). (b) Open and shielded slotline (–– [15], b = 315 ~m,
d = 150 pm, s =15 pm, k = 6 mm, e.= 12.9). (c) Conductor-backed slotline (+ +0 o [16], b = 840 ~m, d = 600 ~m, s =40

~m, t = 3 pm, ●,= 12.9).

In Fig. 5, the scattering-type transverse resonance tech-

nique is compared with Heinrich’s method [15]–[17], which

includes conductor losses. The lower curve in Fig. 5(a) for

the open microstrip line and the upper curve in Fig. 5(b)

for a shielded slotline confirm the thesis in [17] that

calculations, which include losses, provide slightly higher

effective permittivity values than, e.g., this method formu-

lated under the assumption of perfect conductors. As

expected, the results of both methods tend to converge to

the same values for increasing conductor thickness which

is demonstrated in Fig. 5(b) for the shielded slotline.

Open slotline values are shown for comparison.

The upper curve in Fig. 5(a), however, shows this

method to yield higher values for the effective permittivity

of the microstrip line than in [17] although the previous

investigation would lead to exactly the opposite predic-

tion. It is believed that this problem is caused by two

facts. Firstly, the system determinant in [17] is solved for

complex eigenvalues while in this paper, only the zeros of

the real part are determined. Secondly, a top-cover

shielding is used in [17] (distance not specified) whereas

in the present method, the structure is considered to be

open with sidewall boundary conditions sufficiently far

away (at least ten times the strip width).

A similar effect is observed in Fig. 5(c) for the conduc-

tor-backed slotline, Following the comparison of Fig. 5(b),

the reference values for the effective permittivity [16]

should be slightly higher than those calculated by this
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Fig. 6. Characteristics of conductor-backed MMIC coplanar wave-
guide and influence of upper-shielding (b= 1.2 mm, d = 300 ~m, t =

5 pm, w =80 ~m, c,= 12.9). (a) Effective relative permittivity and

characteristic impedance versus frequency. (b) Influence of upper shield-
ing at 10 GHz.

method. Surprisingly enough, they are in excellent agree-

ment, even for the higher-order mode, Only for the

characteristic impedance, some slight deviations can be

observed, which are in a reasonable order of magnitude

to be attributed to the difference between 10SSY and

lossless analysis. It should be noted, however, that the

scattering-type transverse resonance formulation pre-

sented here can be easily implemented on a standard 386

personal computer while the method described in [151-[17]

requires sophisticated computing facilities.

The line characteristics of a conductor-backed coplanar

waveguide for MMIC applications are illustrated in Fig.

6(a). The structure can be used up to approximately

30 GHz. Beyond this frequency, the electric field concen-

trates between the center conductor and the’ ground plane,

hence reducing the voltage across the slot and, therefore,

the characteristic impedance. Fig. 6(b) shows the influ-

ence of an upper shielding for this structure. It is con-

cluded that if h is larger than the substrate thickness

d = 300 ~m, the influence of the upper shielding on the

line characteristics is only marginal.

IV. CONCLUSION

A scattering-type transverse resonance formulation is

presented which constitutes a versatile and powerful yet

rigorous method for the calculation of transmission-line

characteristics of practical MIC, MHMIC and MMIC

structures. Different boundary conditions as required for

open, conductor-backed or shielded configurations are

combined with a general setup for microstrip, slotline or

coplanar waveguide. Due to the representation of bound-

ary conditions by reflection coefficient matrices, the

transverse resonance algorithm is maintained even though

structures and boundary conditions are changed. Com-

pared with other methods requiring mainframe support,

the presented formulation provides the advantage of

achieving equally accurate results with personal-computer

operational software.
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