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ABSTRACT

A double planer integrated circuit filter is introduced, which achieves
significant higher stop-band attenuation against higher freguencies
than the common single planar circuit, especially for designs in the
near of the waveguide band end. The theory is based an field expansian
into suitable eigenmodes which allows direct inclusiaon of both higher-
arder modes and finite strip thickness. Computer optimized design data
for a four-resanator Ka-band metal etched double planar integrated Fil-
ter prototype provide minimum passband insertion-loss of 0.43 dB
(measured: 1.8 dB) at 39.04 GHz and stopband attenuations aof about

53 dB (measured: 48 dB) at 40 GHz, 100 4B at 50 GHz.

INTRODUCTION

Planar circuits mounted in the £-plane of rectangular waveguide are
very attractive millimeter-wave components for many applications

{1] - [7]. The advantage of these circuits include the potential of
passband insertion-loss filter designs, if large-gap fin-lines [51,
or pure metal inserts (6], [7J), reguiring no supporting dielectrics,
are used.
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In these low-insertion-laoss filters, the resonatars are connected by
way of evanescent fields, where the portions with vertical fins or in-
ductive strips are below cut-off freguency of the next higher-order
mode, the Hog-mode. For passband designs in the near of waveguide band
end, therefaore, attainable stop-band attenuation against higher fre-
guencies may be too low for some purposes, e2.g8. for diplexers.
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Fig. 1

Double planar integrated millimeter-wave filter
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This paper introduces a double planar integrated circuit filter
(Fig. 1) which avoids this disadvantage. Similar to the low-insertion-

loss filter calculations [5] - {[7], the filter design is based on field

expansian into sultable eigenmodes. This allows direct inclusion of
both higher-order mode coupling, also below cut-aff freguency, and of

finite strip thickness. A simple optimization computer program leads tao

cptimum design data for a 39 GHz Ka-band metal etched double planar

integrated filter prototype. The measured frequency response shows goad

agreement between theory and experimental results.

THE3RY

Like for the low-insertion-loss filters [5] - (7], the design of apti-
mized double planar integrated millimeter-wave filters (Fig. 1) is

based agn field expansion into suitable eigenmodes, together with the
field matching at the steps investigated. This allows considering of
the higher-order mode excitation, up to a desired number of modes, and
the finite thickness of the metallic strips.

For each subregion v = I, II, III, IV (Fig. 1) the fields

2(v) . 2(v) =(v) (v)
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are derived from the x-component of the magnetic Hertzian vector i
which is assumed to be a sum of suitable eigenmodes satisfying the
wave equation and the boundary conditions at the metallic surfaces at
x=0,c,d,e,f,a:
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Am are the still unknown eigenmode amplitudes of the forward and

backward waves which are suitably normalized by Tp so that the power
carried by 2 given wave is 1 W for a wave-amplitude coefficient af
fu
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By matching the tangential field components at the corresponding inter-
faces, the coefficients in (2) are determined after multiplication

with the appropriate orthogonal function. This leads to the scattering
matrix af each discontinuity. The two-port scattering matrix af the
gection af finite length 1 and the overall scattering matrix af the
total filter section are calculated by directly combining the single
scattering matrices [5] - [7]. Compared with the commonly used multi-
plication of transmission matrices, this procedure preserves numerical
accuracy, since direct combination contains exponential functions with
only negative argument.

An optimizing computer program varies the E-plane metal strip dimensians
far given waveguide housing dimensiocns, number af resonators, metal
insert thickness and spacing, until the insertion-loss within passband
yields a minimum and the stopband attenuation an aptimum. For computer
gptimization the expansion into nine eigenmodes at each discontinuity
has turned out to be sufficient. The final design data are proved by
expansion into thirtyfive eigenmades.

RESULTS

A four-resonatar double planar integrated Ka-band filter with passband
(in the region of 39 GHz) near Ka-band end (40 GHz) is chosen for de-
sign example (Table I). The carresponding waveguide housing is WR 28.
The metal insert thicknesses are chosen to be t=150 um for metal etching
technigues. The spacing between the double inserts is 1.8 mm.

t st metal double insert

YD TV VA VA

a l1 lz l3 etc.--- la l9
Fregue:cy— Numger U?uble{ Midband- | 3 dB-band- Calc?lated
an 0 nser W=lglls=lglla=1511,=1 1 frequenc width bt
wavequide [ resona- [ thickness t 1279172781737 714" 5 ey ihass ?gﬂ_
housing | tors |[and spacing § ass

Com )] Com)] Com)| Com)| Com) | CGHz) | ( MHZ) (dB)

Ka - bqnd
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Table 1

Computer optimized design data for a double planar integrated
nillimeter - wave filter
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Fig. 2

Calculated and measured insertion-loss for a four-
resonator double planar integrated Ka-band filter
designed for passband near Ka-band end. Design data
cf. Table I. --- single planar integrated filter far
comparisan.

Fig. 2 shows the calculated and measured insertion-loss as a function
of frequency. Measurements are in good accordance with theory. For
comparison the dashed line shows the calculated insertion-loss af a
conventional single planar integrated four-resonator filter. This
single planar circuit achieves a maximum stop-band attenuation against
higher freguencies of only about 42 dB because beyond the correspond-
ing cut-off frequency, the resanators are increasingly directly coupled
by the propagating Hpp-wave, whereas the double planar dircuit design
still preserves evanescent fields between the metallic strips. This
leads between 43 and 50 GHz to a calculated stopband attenuation of
about 100 dB. The measured value at 40 GHz is already 48 dB. Fig. 3
shows the metal-etched double planar integrated Ka-band filter struc-
ture together with the waveguide housing and the 1.8 mm thick metal
inset between the two filter inserts.
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Fig. 3

Photaograph of the metal-etched double planar Ka-
band filter (cf. Table I) tocgether with the wave-
guide housing; the upper left guarter shous the
1.8 mm thick metal inset between the two filter
inserts.

CONCLUSION

A new double planar integrated millimeter-wave filter is introduced.
This filter type achieves better stopband behavigur against higher
frequencies than the single planar circuit, especially for near uwave-
guide band end designs. The computer optimization is based an field
expansion into suitable eigenmodes by which higher-aorder mode exclting
and coupling effects as well as finite thickness aof the metal inserts
can be taken into account. Computer aided design leads to optimum
filter data. A four-resonator double planar integrated Ka-band filter
prototype, which can easily be manufactured by metal etching technigues,
shows a measured minimum passband insertion loss of 1.8 dB at 39.04 GHz
and a stopband attenuation of 48 dB at 40 GHz. Theaory and experiment
agree very well.
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