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ABSTRACT

A variational approach is presented which enables both to compute the discontinuity capacitance in coaxial

structures and to state its frequency behaviour.

The results campare favourably with the ones previously given

in literature. Moreover, the method enables to consider structures having different dielectric permittivities at

the sides of the discontinuity.

Introduction

The accurate computation of coaxial-line disconti-
nuities is becoming more and more important in order
to improve the precision of standards for microwave
measurements, to measure dielectric constants of mat-
erials, and to design microwave devices such as fil-
ters, etc. In past years, other authors have treated
this problem using mode-matching techniques to obtain
results when uniform dielectrics fill the structure.
Our work is based on a variational approach, and it
enables to treat the more general case in which the
left and right-hand sides of the geametrical disconti-
nuity are filled with different dielectric materials.
The results obtained are in very good agreement with
the ones previously given 1,2 , Moreover, it has been
possible to find the functional dependence of the dis-
continuity admittance versus frequency starting from
d.c. up to the cut-off frequency of thefirst higher
™-~mode of the structure.

Essentials of the method

Let us consider the structure of fig. 1, which is
sufficiently general for our purposes. Whinnery et al.
pointed out that the effect of such discontinuity can
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be described through an equivalent transverse capacit—
ance which takes into account the effects of the ™
modes arising at both sides of the discontinuity! In
order to calculate such capacitance, a variational
approach can be developed following the general method
given by Collin.3 The resulting variational relation-
ship is the following:
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where:

C is the unknown discontinuity capacitance.

Rei' Ru r Rear Rip are the geometric dimensions (fig.1)

&,, &, are the relative dielectric permittivities.

Y = jwipg

Yin, Y2n are the n—th ™-mode admittances in regions

1 , 2 respectively.

K,m, an are the n-th ™-mode propagation eigenvalues.

Pn s Y are the n-th M-mode functions in regions 1 ,

2 respectively.

), is the TEM-mode function in region 1 .

E? is the radial component of the electric field at

the discontinuity.

The brackets denote inner products over the region

between Ry, and Rg, .

Now, the electric field E? may be expanded in terms of

the first region mode functions:
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Inserting eqg. (2} into eg. (1), we obtain an expression
which should be made stationary with respect to the
coefficients e; (Rayleigh - Ritz method). Actually,

the series in (1) and (2) are truncated to proper upper
limits. Moreover, C can be calculated minimizing the
expression (1) with respect to the coefficients Cprever
em without explicitly obtaining their values.
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The functional dependence C(f)
of the discontinuity capacitance

As regards the dependence C = C(£) , both Whinnery!
and Somlo? gave in the past a certain number of results
in graphical form.1,2 In particular, Somlo stated that
it is possible to obtain C at a given frequency multi-
plying the d.c. value of C by a coefficient K growing
with £ and depending on the geometric dimensions of
the structure.

We have found a good estimate of the functional
dependence C(£f) as follows. Let us consider again eq.
(1), which may be written in the following form:
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in the numerator of the fraction, the terms in the
first brackets are the ones which first contribute to
the growth of C with frequency, while the remaining
part gives a contribute which is practically constant
at least up to the first cut-off frequency. Under the
hypothesis that the first MM~mode cut-off frequency is
the one related to the region 2 (otherwise the treat
ment is somewhat dual of the following), the field Eg
may be approximated with the first two mode functions
related to region 1

Efg" eo‘Po'*‘eL‘Pi (4)
on the basis of that, imposing the stationarity con-
ditions, straightforward calculations lead to the fol-
lowing functional dependence for C, in which the higher
order terms are neglected:
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where a, b are terms depending only on the geometric
dimensions and on the dielectric constants Ei, &2 . The
term £, denotes the first ™rmode cut-off fregquency of
the structure. This formula is in very good agreement
with the data calculated over frequencies from d.c. to
£, , as is shown in the following results and in each
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case considered until now.
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Results

As regards the calculation of the discontinuity capaci-
tance in d.c., we show results for two cases just con-
sidered by Somlo. The tables 1, 2 show our results and
the ones obtained by Somlo. 2

TRABIE 1 : Rep= 3mm, Riy= Rj,= Tm, &= Ep= 1.
Rei(nm) Our result (fF) Somlo's (£F)

1.2 70.67 70.64

1.4 46.33 46.12

1.8 22.82 22.23

2.2 10.39 9.64

2.6 3.12 2.63

3.0 0 0
TABLE 2 : Rg,= Rg,= 3mm, Ry,= 1Tmm, &= &= 1.
R{y(mm) Our result (fF) Somlo's (fF)

2.8 207.97 207.93

2.6 135.19 135.08

2.2 65.65 64.94

1.8 29.59 28.27

1.4 8.83 7.82

1.0 0 0

As regards the frequency dependence, we report
three cases related to a structure having geometrical
dimensions R,,= 5mm, Ry,= 2mm, Ry, = 4mm, R;,= 2mm. The
dielectric permittivity &, has been kept constant and
equal to 1, while &, has been given the three values
1, 2, 10. 1In each case, the cut-off frequency £, has
been calculated, while the parameters a, b have been
obtained through a least-square approximation over
twenty points in the whole frequency range considered.
The per-~ent difference between the calculated and
simulated data is in any case lower than 0.95%. Fig. 2
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shows the three curves, together with the values of a,
b, £, .

Conclusions

A variational approach has been presented for calcula-
ting the discontinuity capacitance in coaxial-line
structures with different dielectrics. The method
leads to highly accurate results both from the frequ-
ency-dependence and the € —dependence point of wiew.
Work is in progress to find the dependence of the para-
meters a, b on the dielectric permittivities and on
the geometrical dimensions.
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