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ABSTRACT

STOPBANTY3

APPROACH

Utilizing more than one below cut-off cross section, evanescent mode series coupled

bandpass filters are described which achieve wide passbands and stopbands with practical
mechanical dimensions. Performance is comparable to the conventional approach. The new

design is applicable for center frequencies to above 40 GHz.

Introduction

Filter applications currently growing
in importance require broadband (10% and up)
waveguide bandpass filters with broad stop-
bands. These filters are utilized as pre-
selectors or in multiplexer and are fre-
quently required to cover up to full waveguide
bandwidths with stopbands extended to the 3rd
harmonic or above.

Approaches to the construction of
broadband waveguide filters include the E-
plane or fin line filter ~4], [5], induc-
tive iris or inductive post design [31, [6],
or the conventional evanescent waveguide
design [11, [21, The E-plane approach is
quite inexpensive and provides wide stop-
bands but is very difficult to realize for
bandwidths in excess of 10% (see Fig. 1).
Inductive iris filters become impractical
due to iris size, interaction and stopband
flare above 20%, while post filters do not
achieve wide stopbands (typically recenter-
ing near the 2nd harmonic). Conventional
evanescent designs are capable of alleviating
all difficulties enumerated above, but suffer
from close spacing of the first few capac-
itive pins. This shortcoming is intrinsic to
the structure, for bandwidths in excess of
30%. Because this mechanical problem
adversely affects tuning time (and hence
economics), we have developed a modified
design approach for evanescent filters,
which eliminates the close spacing problem.

Approach

The theory of the series coupled
evanescent dominant-mode design for filters
is reviewed in the Appendix. Fig. 2
illustrates the cross section of a typical
conventional series coupled design. Fig. 3
depicts a modified (stepped-wall) design.
The end sections use a cross section with a
lower cut-off frequency, thus increasing the
rod spacing. The filter still maintains the
wide stopbands which result from use of a
small, far below cut-off cross section, as
the majority of the filter is built in the
smallest cross section. Fig. 4 defines the
network elements for the series coupled
evanescent filter. Realization of the new
design involves two main problems:

1) Compensation due to susceptive
effects at the junction of two cut-
off sections of differing cross
sections.
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2) Bandwidth shrinkage due to finite
inductance of the capacitive pins.

Solution of problem (1) is
facilitated by deriving expressions similar
to (7) and (8) of [11, with both guides cut-
off. The resultant expression, which is a
good approximation to the susceptance
generated at the junction of two cut-off
waveguides, is given by (7) and (8) in the
Appendix. Fig. 5 defines the junction
dimensions and transformer ratios. Problem
(2) is solved as is [II, by forming an in-
ductive tee-equivalent to the pin series
inductance, imbedding the series arms of the
tee into the filter series inductive coupling
elements and increasing the resonating
capacitance value to compensate for the tee
shunt inductance. The interconnecting
lengths between pins straddling cross
section interfaces are very close to the
average of the spacings (computed as in [11)
for each individual cross section. This is
true because the discontinuity susceptance
due to the junction is small, for small
differences in cross section.

To illustrate the design, Table T
presents the spacings for the first 4
sections of a filter covering the 18-26 GHz
band. Case 1 depicts a filter with a homog-
eneous internal cross section measuring
.15*9X.15”’. Case 2 uses a constant .21’’x.2l”.
Case 3 utilizes a .21’’x.15*’ cross section for
the first 2 sections only, and .15*1X.15” for
all center sections. Note that the stepped
design uses constant rod diameters (best
choice for diameter is 20% of the cross
section “a” dimension). However, constant
diameter is convenient. Spurious passband
characteristics are not significantly de-
graded as compared to the smallest homog-
eneous unit. Again, this is expected as most
of the filter sections are contained in the
smallest portion. Computed and measured
responses of some actual filters are shown
in Fig. 6.

Conclusion

The modified evanescent design
results in units tha’c are easy to kune,

applicable up to full waveguide bandwidths,
and practical well above Ka band. Structur-

ally simple, this approach offers compact
construction and high reliability. Finally,
the stepped wall can be used to provide an
end section transformation for coax connec-
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tion, facilitating the design of frequency
selective waveguide to coax adapters.
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