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Abstract

Multi- section bandpass filters with cylindrical

TEIIl- mode cavities have been constructed at

80GHz with a new mechanical construction. The low

insertion loss and the other performance are con-

sistent with design without any adjustment.

Introduction

The bandpass filter is very important for the
millimeter- wave communication system to eliminate

spurious signal of frequency converters or to reduce

the interference bet w e e n transmitters and re -

ceivers.l 2 This paper describes multi-section
bandpass filters using cylindrical TE111- mode cavi-

ties. Since more than one hundred kinds of bandpass

filters will be used in a practical system, whose

center frequencies range from 40 to 90GHz, good

producibility is required in addition to low insertion
loss and high precision of dimension. In order to

satisfy this requirement, a new mechanical con-

struction has been employed, whose component parts

are precisely fabricated and inspected separately

and assembled together afterwards. The early paper

reported rectangular waveguide filters of this struc-

ture in the frequencies from 40 to 80GHZ. 3 But

filters using cylindrical cavities are more suitable
in such high frequencies as 80 GHz and above,

because they have higher unloaded Q and can be

fabricated more precisely. whereas the TEoln -mode

resonance has the highest unloaded Q in the cylin-

drical cavity, the characteristics of the filter using

this mode will be deteriotated due to the spurious

resonance of adjacent modes which are more strongly
coupled to the external circuit. Considering the

strict specifications required for use in a practical

system, the TE ~ -mode resonance has been em-

ployed in view 0$ design and electrical performance.

Description of filter structure

Fig. 1 shows a cutaway view and Fig. 2 a photo-

graph of the completed 4-section bandpass filter.

Thin coupling plates and circular waveguides are

piled up alternately and screwed together with rec-

tangular waveguide input and output flanges. This

structure, in which all components are fabricated
separately, enables to achieve high accuracy of di-

mensions. The circular waveguides and the coupling

plates are fabricated with tolerances as small as 10
to 20 microns. The coupling plate is prepared b y
etching the coupling aperture on a 20 micron thick
brass plate by the photolithographic technique. All

components are plated with pure silver to reduce the

loss in the metal wall of the structure and are sub-

sequently subjected to microscopic inspection of di-

mensions. Finally, they are aligned accurately along
the central axis with the aid of an external guide cyl-

inder.
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Fig. 1 Structure of bandpass filter using

TEIII - mode cavities

Fig. 2 4-Section bandpass filter at 80GHz

Design of filter

For automatic designing, a CAD program has

been developed, which permits printing-out actual

sizes when specifications of the filtr are given as
input data. The design is performed on the basis of

the theory of direet-coupled waveguide filter4 which

is advantageous for the simplification of construction

and the achievement of low loss. The theory has been

modified in order to take into account of tie dif -

f erence of characteristic impedances between cir-

cular waveguide in the filter structure and rectangular

waveguide in the input and output ports.

As the size of each element is very small por-

portionally to the millimeter wavelength, the wall
thickness of coupling aperture has substantial in-

fluences on the overall performance. Accordingly,
the dimensions of coupling aperture and the cavity
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Fig, 3 Calculated susceptance of
coupling aperture

lengths are determined by considering the thickness
of coupling plate. Fig. 3 shows the calculated suscep-
tance of coupling aperture for different wall thickness
by using the equation based on the small hole ap-
proximation. The accuracy of these values has been
confirmed by constructructing trial 1-section filters
in 50GHz band, whose performances were in agree-
ment with the design.

The actual frequency characteristics is usually
different from that of an ideal bandpass filter because
of dispersive characteristics of the waveguide and
frequency dependence of the susceptance of the coupling
aperture. Consequently, a calculation program of
frequency response based on the designed dimensions
was incorporated in the CAD program so that the
adequacy of the designed filter to required specifica-
tion could be checked.

Electrical Characteristics

Two kinds of maximally-flat response bandpass
filters, one is 2-section filter of QL = 116 and the other
4-section of QL =40, were constructed at the fre-
quency of 80GHz. The characteristics of thQSQ filters
are shown in Figs. 4 (a) and (b). The numerical data
are compared in Table I with the calculated values.
These characteristics, which have been obtainedwith-
out any adjustments after construction, show fair
agreement with designed specification. The insertion
losses have been found to be smaller than those of
rectangular waveguide filters. 3 The achieved value of
unloaded Q was about 50~o of the theoretical value,
which is fairly high at such high frequency as 80GHz
compared with the value of 60 to 80% obtained with
microwave filters.

2 -Section Filter 4-Section Filter

Calculated Measured Calculated Meas”Ted

Center frequency 78.97 79.0
(cfi~) -

80.67 80.5

I
,-- I 1 I I

3dB Bandwidth 680
(MHz)

643 1920 2010

1 I
Insertion 10ss 0.31 0.75

(dB)
0.21 0.50

Unloaded Q 4500 2000 4500 2000

Table I Measured data of constructed filters
in comparison with calculated values
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Fig. 4(a) Frequency characteristics of
2-section filter
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Fig. 4(b) Frequency characteristics of
4-section filter

Many resonance modes in cylindrical cavity may
cause spurious response. Fig. 5 shows the measured
frequency characteristics of the 4-section filter with
a center frequency of 50.1 GHz and QL of 28.5 having
the same structure as above. Arrows in the figure
indicate resonant frequencies of the respective modes.
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Fig. 5 Spurious response of 4-section filter with
the center frequency of 50.1 GHz

The responses of TMOIO and TMOll modes adjacent
to the TElll mode were not observed because of
weak coupling in the present structure. The result
shows that there is no deterioration of characteristics
due to spurious response in the frequency range below
that of the TE211-mode resonance.

Conclusion

80GHz bandpass filters using cylindrical TE11 1-
mode cavities have been constructed with satisfactory

characteristics. These filters have already been put
to the practical use in a 80GHz band repeater of
the millimeterwave communication system. 2

Many bandpass filters having the same structure
have already been constructed in the frequency range
from 40 to 100GHz. Satisfactory results have been
also obtained as in the case of 80GHz band described
here. The structure presented in this paper, whose
component parts are separately fabricated and as-
sembled together afterwards, has proven to be feasible
for high-precision filters in the millimeter-wave
frequencies.
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