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ABSTRACT

This paper presents empirical closed-form ex—
pressions for the scattering parameters of series
stubs in single-ridge, unilateral fin line with
narrow gap width. These expressions show the effect
of fin gap width, stub length, and frequency and
are suitable for computer-aided design.

INTRODUCTION

The series stub has been a popular circuit
element in the design of oscillators and narrow—
band filters in fin line [11, [2]. However, the
available information is neither accurate nor ver—
satile enough for most practical design problems.
We therefore saw the need for an improved model
which incorporated the effects of the frequency,
substrate thickness, fin line gap width and stub
length.

Hence, this paper significantly increases the
available design information for short— and open-
circuited series stubs in fin line.

The stubs are modeled by an equivalent cir-
cuit which takes into account the field disturban~
ces at the branching points and at the far end.
Expressions for the circuit elements have been de-
rived from measurements. They are valid over one
waveguide band and are suitable for unilateral fin
lines on low permittivity substrates (€r=2.22)
with narrow gap widths (d/b << 1),

THE STUB MODEL

A fin line stub can be described either by its
S-parameters or by an equivalent circuit with lum-
ped elements. The latter has two advantages.
Firstly, it directly depicts the circuit behaviour
of the discontinuity. Secondly, it separately des-
cribes the various field disturbances at the bran-
ching points and at the far end of the stub.

These effects were incorporated into the equi-
valent transmission line circuits shown in Fig.1(a)
and (b). Then, measurements were made with an au-
tomatic network analyzer to determine the dependen-
ce of the equivalent circuit parameters on frequen~
¢y, stub length, and fin line gap width.

Each measured stub was centered between two
identical waveguide to fin line tapers which were
etched on 0.76 mm thick Rt/duroid (8r=2.22), and
mounted in WR-90 waveguide. (See Fig.2). All stubs
had a standard width of 1 mm.
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Fig. 1 - Equivalent transmission line circuits
for the short-(a) and open-(b) circuited
series stubs in unilateral single~ridge
fin line.
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Fig. 2 - Metalization patterns used to measure
the scattering parameters of the stub
discontinuities in unilateral fin line
(WR-90) (£,=2.22, substrate thickness
§=0,762 mm,)

DE-EMBEDDING THE STUBS

To de-embed the stubs, the scattering parame-—
ters of the tapers were found by a method used to
characterize connections to a transmission medium
in which no standard loads are available [3], [4]7.
In this method transmission and reflection measure-
ments are made on two similar two-ports. Each is
composed of two identical connectors (waveguide to
fin line tapers in our case) .separated by a length
of transmission medium of known electrical length.
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The intervening transmission medium of one two-port
is approximately one quarter wavelength shorter
than that of the other two-port. The method yields
scattering information for the taper in the form of
S11, S22 and the product Spq + Syj.

In [3, 4], a quasi-closed form expression for
each of 817, S35, and 81 - S1p are derived. Higher
order terms in S;; and Spp also appear in these ex~
pressions but their effects are ignored by assuming
|511|, 18221 ~ 0, This assumption restricts the
application of the method to cases involving near-
ly reflectionless connectors.

We extend the method to cases involving re-
flective connections by using an iterative computa-
tion. Here, the assumption above is the starting
point in an algorithm that merely repeatedly com-—
putes the same expressions mentioned above. Each
iteration after the first invokes the higher order
terms by using the previous results for Siq and Sps.
The iterations are stopped when a test for conver-
gence is satisfied.

The stubs were de-embedded by using the ex-
plicit formulas of Kruppe and Sodomsky [5] origi-
nally intended to correct for the errors in imper-
fect network analyser test-sets. The test-set
error terms in these formulae were replaced by the
scattering parameters of the two identical fin line
to waveguide transitionms.

DERIVING THE EMPTRICAL EXPRESSIONS

The scattering parameters of an ideal series
stub in a transmission-line (i.e., one with no
losses and zero width and hence no branching point
and end effects) are
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where z;  is the impedance seen looking into the
stub normalized to the characteristic impedance of
the main transmission line.
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where z is the characteristic impedance of the stub
divided by the characteristlc impedance of the main
transmission line.

Y = o+ jiB 1is the propagation constant in
the stub,

fe = length of the stub in the equivalent
circuit.

z¢ is the terminating impedance of the stub
divided by the characteristic impedance of the stub.,

When a shunt admittance jBg is added as shown
in Figs. 1(a) and 1(b) the overall scattering pa-
rameters can be found from Mason's non-touching
loop rule [6]
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llb='§;3%h is the reflection coefficient of
s

where §

a shunt admittance ij = 3B, ZOl (normalized to the

characteristic admittance of the main transmission

line), and SZlb =1+ Sllb is the transmission co-
efficient of this shunt admittance, and

: 2 2 .

ASS = SllS - 5215’ The following formulae were ob-—

tained by optimizing the fit of equations (4) and
(5) to the experimental data for series stubs. For
convenience of scaling, all variables were normali-
zed to the substrate thickness s.

bs = 7.56 (s/)) exp (~0.3117 d/s) (6)
2 = 2.0 (1.524 d/s) 0+5%% n
o = (0.08 s/\) Nepers/mm (8)

Short-circuited stubs are terminated by an excess
length of line A

A2/s = 0.1082 (d/s)? [1 - exp(~0.762 2/s)1  (9)

Open circuited stubs are terminated by a parallel
combination of an inductive and a capacitive reac~
tance, Xg and X, (See Fig. 1(b)). These reactances
are normalized to the characteristic impedance of
the stub and given by (10) and (11).

X, = (s/A) (84.12 - 2,474 %/s) (10)
1/x = (s/X)(30.93~7.422 2/8)(0.026-0.17 d/s) (1)
(10) and (11) can be used to find the normali-

zed terminating impedance
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Expressions (6) to (11) are valid in the fol-
lowing ranges:

1,6 < /s < 5.3 @3)
0.6 < d/s < 2.7 (14)
32 < A/s < 49 @5)

When the error is computed as the magnitude of the
difference between the fitted and measured scatter-
ing parameters, the standard deviation for short
circuit fit is 0.03 and that for the open circuit
fit is 0.045. The reference planes of the scatter-
ing parameters are coincident with the stub edges.

The restriction to constant stub width allows
simple expressions and should have little effect on
the flexibility of practical designs. Also, ex-
pressions (6) to (11) do not depend on the wave-
guide dimensions because small gap ratios (d/b<<1)
and narrow substrates (s/a<<l) are assumed.

The expressions operate on normalized dimen-
sions to allow convenient scaling to frequencies
higher than x-band, Losses are expected to increa-
se linearly with frequency as indicated by (8).

The wavelength in a stub can be computed from
the following formula for wavelength in single rid-
ge unilateral fin line on substrates with €, = 2.22:

A e = ap +aye/) + ay(s/? + a, (s/1)3 16)



where a; = 150.4 + 24.29 (d/s) an
a, = -9092 - 2098 (d/s) (18)
aj = 236500 + 64900 (d/s) (19)
a, = -2269000 - 690800 (d/s) (20)

This formula is accurate to #1 percent over the sa-
me ranges as (14) and (15) and for

s/a < 0,1

The wavelength in the stub is the same as the wave-
length in a single ridge unilateral fin line when
the gap is equal to half the stub width,

CONCLUSION

S-parameter measurements were made to derive
expressions for the parameters of open- and short-
circuited series stubs in single ridge unilateral
fin line. The expressions include losses and show
the effect of fin line gap, stub length, and fre-
quency and are valid for a complete waveguide band-
width, for a specified range of low fin line gap

ratios, and for a specified range of narrow substra-

te thicknesses.
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3 Comparison of measured data (circles) to
fitted curves (continuous lines) for
(A) a short circuited stub and
(B) an open circuited stub.
Each stub is 4 mm long and in a single
ridge unilateral fin line with fin line
gap of 0.85 mm.



