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Abstract

Comb-line band-pass filters have previously been
synthesized as circufts having equal-length short-

circuited and open-circuited TEM lines. Practical

designs, however, usually use almost-lumped capacitors.
This paper presents an exact synthesis method for com-
mensurate circuits in which the capacitor lines are
exactly half the length of the inductor lines. Com-
puted examples show that the pass-band response and
stop-band skirts agree much closer to that of lumped
and almost-lumped capacitors than that of the equal-

line-length case. Also, a remarkable improvement in
spurious response degradation will occu[r. Impl e-
mentation of the half-length design is explained and
is rather simple to carry out.
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Comb-line band-pass filters are widely used in
the microwave range. Design may be carried out
approximately when the bandwidth is narrow (up to
about 20%), while for any bandwidth its idealized TEM-
line equivalent circuit has been synthesize
subject to an equal-line-length assumption.

$ exactly,
This

restriction requires the capacitors to be open-
circuited lines equal in length to the short-circuited
inductor lines. In practice, the capacitors are
usually shorter than the inductors and often are al-
most-lumped elements. Reference 2 shows how a
synthesized equal-length design can be altered to
apply to lumped-capacitors, achieving correct re-
sponse at the pass-band edges, but deviating from
ideal within the pass-band.

The principal contribution of this paper is to
show how exact synthesis may be achieved with capaci-
tor lines exactly h,alf the length of the inductor
lines. This ratio is convenient in practice, and
furthermore, when applied to shorter capacitors, the
deviation from the ideal pass-band is much smaller
than with designs based on equal-line-length capaci-
tors. Also, the stop-band skirts behave more nearly
as expected and spurious responses near 180° are
eliminated.

Figure l(a) shows the comb-line configuration
with equal-length capacitors and Figure l(b) shows
half-length capacitors. The indicated terminal con-
nection to the end resonators is appropriate for
medium and wide bandwidths, Other termination
technique? ~u~table for narrower bandwidths are
available ‘ ‘ and need not be discussed here.
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Commensurate TEM-line equivalent circuits for the
cases in Figure 1 appear in Figure 2. One should re-
member that the term commensurate is not restricted to
equal-line-lengths, but allows unequal lengths as long
as they are integral multiples of a common sublength.
Richard’s synthesis theorems apply to commensurate
circuits in this broad sense.
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Figure 2. Transmission-line diagrams of cases in
Figure 1.

The equivalent circuit shown in Figure 3(a) is
used for the equal-line-length schematic shown in
Figure 2(a). Note the relations between L, C, the
characteristic admittances and the replacement of
w=2mf by O=tan$. For the half-length capacitors,
equivalence in Figure 3(b) requires a different re-
lation set and replacementofuby~=tan($/2). These
relations yield exact equivalence.

The rationale behind Figure 3(b) is justified as
follows: Consider the identity

This causes the susceptances of the shorted lines to
be

-YLicot$ ~ -~YLicot$-$YLitan~

and

-Y i,i+lcot$ = ‘~yi i+lcotf~y. ,i+ltan, *

while the susceptances of the capac tive 1 nes are

Ycitan*

Figure 1. Comb-1ine band-pass filters with full and
half-length capacitor lines
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When coefficients of fi=tan~ and 1/!2 = cot$are grouped,
the relations in Figure 3(b) follow.

Clearly, ’the L and C circuit shown in Figure 3(b)
has a quasi-elliptic response. It cannot be con-
verted to true elliptic-function response, because the
series arms all provide rejection at the frequency
where $=90°. Modification of the structure can shift

these rejection frequencies, but this is not included
in the scope of this paper.

L,% L,z

L,

o = tan~

Ci = ‘Ci

Li = ZLi = I/YLi

Li i+l = Zi i+l
, ,

(a)

/..1?- L=

m9EwuL9---
Q = tan$

1
Ci = ‘Ci + ~yL-

Li = 2ZLi

c. = $Yi i+l
l,i+l ,

Li i+l = 2Zi i+l
, ,

(b)

Figure 3. L,C circuits applying to Figures 1 and 2

In addition to the two cases of full and half-
length capacitors, a third case has lumped-capacitors,
as shown schematically in Figure 4. Comparisons of
the pass-band and stop-band response of these three
cases are made in Figure 5. Note that the full-length
capacitor case has a periodic response with period
180° and symmetry around 90°. For the half-length
capacitors, the period is 360° with symmetry around
180°. The response of the lumped-capacitor case is
not periodic; its higher pass-bands become narrower
in successive order.
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Figure 4. Transmission-line diagram for lumped-
capacitor case
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Figure 5. Comparison of insertion loss response
for three rI=4 cases
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Four-resonator examples with equal-ripple VSWR =

1.1000 and pass-band edges at @ equal to 300 and 50°

were used, The lumped-capacitor design cannot be

synthesized by rigorous mathematics and therefore was
synthesized by a rapidly convergent optimization

method applicable in all c ses, including mixed-
parameter filter circuits. 9 The half and full-length-
capacitor designs may be synthesized rigorously or by
optimization.

All three examples have equal-ripple pass-bands.
An interesting comparison occurs when the shunt
resonators of the half and full-length capacitor cases
are replaced by resonators having lumped-capaci’tors
and altered ‘fLi such that their shunt Susceptances
equal their orlginiil values at @l and $2. This en-
sures correct VSWR at the pass-band edges, but not
within the pass-band. Figure 6 shows the pass-band
VSWR of altered cases compared to the case synthesized
for lumped-capacitt]rs. The response for the altered
half-length capacitor case agrees with the lumped-
capacitor synthesis case far more closely than does
that of full-length capacitors.
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Figure 6. Three examples of Pass-band VSWR with
lumped-capacitors
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In conclusion, a combline filter, synthesized

with half.lwgth capacitors. pPovidw a past.band
more nearly equal to that of practical lumped and
quasi-lumped-capacitor filters than does the full-
length-capacitor synthesis. It also provides an
improved stop-band. Furthermore, the labor involved

in synthesizing the half-length design is scarcely

more than that for the full-length des~gn.
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