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Abstract

The proposed planar circuits in a waveguide and their design theory are presented teogether with the

confirmation by experimental results.

1. Introduction

Recently we have developed new microwave
components with a planar circuits mounted in wave-
guide. Metal sheet with variocus patterns is placed
in the middle of the H plane of the waveguide in
parallel to the E plane, as shown Fig, 1.

This planar circuit is very useful for low-cost
mass production and high @ value. In this paper, the
design theory and experimental results of this
circuits and the application to SHF converter are
presented.

2. Microwave Component of Planar
s Circuits Mounted in Waveguide

A double tuning band-pass filter can be con-
structed by using the patterms shown in Fig. 2(a) (b)
(c}. As a result of our experiment, we have succeeded
in obtaing approximately 2500 for no-load Q{Qo) at
12GHz. This design theory is described in next
section. Tig. 2(d) shows pattern the band-stop
filter, where the pattern used for a resonance is
coupled to a ridgeguide, which is transformed from
a main waveguide threough a taper section of the
metal sheet. Fig. 2(e) shows a coupling circuit
between a semiconductor element and a waveguide,

As shown in Fig. 2({e), one end of the stripline of
nearly /4 is connected to the H plane of the wave—
guide, and another end is connected to the diode.

As a distribution circuit is provided between
this stripiine and the E plane, the impedance
viewed from the diode is adjustable by changing the
width of the stripline.

.

3. Design Theory of Band Pass Filter

3.1 Inductive Strip Type Filter

Fig. 3{a) (b) shows the geometry and equivalent
T network of the perfect conductive strip inserted
in a rectangular waveguide. In the case of a short
circuit and a open circuit at the central plane (To)
of the strip, the input normalized admittance ¥; and
EP were found respectively. s l=¢Xs)and ¥ (=i %)
in the equivalent T network of Fig. 3(b) were easily

_ecalculated as follows,

33*%5“ ‘ EP::;,_(_;;“%;)

The equivalent circuit of the inductive strip is
calculated using variational technique under the
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The application of this circuit to 12GHz down-converter is also shownm.

assumption of the perfect conductive sheet. Results
are as follows,
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is the normalized admittance at the Z=0.
By the Rayleigh-Ritz method the amplitude 91, are
chosen so as to yield 2 minimum value of |%4™]
for every ¥ .
The minimizing conductions should satisfy the
following set of N~1 equations.
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Fig. 3(c) shows the calculated values for the
normalized series reactance Xg and the normalized
shunt reactance Xp . The construction of the banéd
pass filter with the inductive strip and equivalent
cireuit are shown in Tig. 4. Then, the design
methed of the bandpass filter was derived by
applying the equivalent net-work of the inductive
strip to the usual method of the filter design.

3.2 Slot Type Filter
Fig. 5(a) shows the construction of slot type

resonator. Then, the admjittance Y viewed from the
slot is calculated using trial fupction. Results

are as follows,
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The resonant frequency of slot resonator with
planar circuit mounted in waveguide can be computed
by obtaining the frequency at which Y is equal to

zero.
Fig. 5(b) shows the calculated values for the
dimension of resonator.
4. Application to 12GHz Down Converter ‘
2
Fig. 6(a) shows the pattern of the planar ~
circuit used for the developed 12GHz down converter, .

. M -
which is mounted in a waveguide. This pattern is v::iiuihezth;sz Waveguide
reproducible in a acuracy less than Zofsfor mass P
production. Fig. 1. Construction of planar circuit

Fig. 6(b) {(c) shows characteristics of two mounted in waveguide.
12GHz coaverter for 360MHz and 1.25GHz inter-
mediate frequency.
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Fig. 3. Geometry, equivalent T and calculated
values for anp inductive strip.
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Fig. 4. Construction and equivalent network
of the bandpass filter with the Fig.5. Coastruction and dimension of s&ot type resonator.

inductive strip,

169




RF matching Local freq.

circuit Mixer B.P.F Local Osc.
Gunn
////,/ diode
O O
Schottky \L.P.F \L.P.F
diode IF D.C Bias
Terminal Terminal
{a)

5.0 @ 2 5.0 GaAs schottky diode (fc:160GHz)
@ GaAs schottky diode(fc:l60GHz) 2 k: o
§4.0 \ Ceonversion loss b S 4.01 °\ __//
o .________‘._.___. ~— . ./. g -g O——20 2 D=0
< B e "

3.0 6.0°g 7 3.0-
o ~ s e =
p o B St SN | o £
Ez 0 Total noise figure 409 2 2.0/
S 8 1
1.0 2.0 1.0
[dB]
[dB] g 0 [dB] .
240 270 300 330 360 390 420 450 480 0.9 L0 1.@ 1.2 13 14 15 L6
- IF
IF frequency [MHz] — I¥ frequency [GHz]
b
() (c)

Fig. 6. Construction and characteristics of 12GHz down converter with

planar circuit mounted in waveguide,
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