46 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES JANUARY
remanent states.d However, in many ap- RECTANGULAR
. . . . WAVEGUIDE
plications, where a few microseconds switch- « Kor Kot 1
. . . 0 13
ing times can be tolerated, this effect will o . sz/ . C\Klz oK, < ~ T
not be harmful. - | | ™ (ORESONATOR|RESONATORO
? @ @ Wb
EXPERIMENTAL RESULTS ° % O nNod st o

Two experimental C-band models have / \ s L
been fabricated. One of these employs a ) RES‘%*TOR
single toroid of ferrite material (4w M,=1700 — SR R ‘ Kis G2 Kz
gauss) while the other utilizes a toroid made =
from a temperature compensated garnet ma- Fig. 1. Lumped-circuit, low-frequency Fig. 2. Simplified layout, general three-

terial (4w M,=1200 gauss). In each design,
the length of the toroid has been adjusted
to give a maximum of 360° differential phase
shift when latched between remanent states.
As can be seen from Fig. 3, an incremental
phase shifter can be obtained by providing
various amplitude positive pulses along
with accompanying negative reset pulses.
For example, eight controlled amplitude
positive pulses are required to correspond
to a present three-bit design while sixteen
pulses are needed for a four-bit design.

Experimental data for the two model
phase shifters compare quite favorably with
multitoroid designs. The new models exhibit
compactness (<4 inch length for ferrite
model and <6 inch length for garnet model),
reduced insertion loss (<0.5 dB for ferrite
model) and exhibit improved temperature
characteristics when switched to interme-
diate states. A maximum switching time of
approximately 4 micoseconds is required
for the reset-controlled amplitude pulse
sequence. Curves and other data describing
the switching characteristics of the new
phase shifters are given in Whicker and
Jones.®
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General Three-Resonator
Filters in Waveguide

General three-resonator filters are capa-
ble of providing both band-pass and band-
reject behavior. This type of filter network
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general three-resonator filter.

has been briefly considered as a generalized
triple-tuned circuit [1]. The potential ad-
vantages of general three- and four-reso-
nator filters have been more recently dis-
cussed by Johnson, who considers dissipa-
tionless filters using inductive couplings {2].
Johnson has presented experimental data on
a lumped-circuit element general filter at 20
Mc/s, and has suggested some techniques
for microwave implementation of general
filters. In this correspondence, the perfor-
mance capabilities of dissipative general three-
resonator filters in waveguide will be dis-
cussed.

The schematic of a lumped-circuit, low-
frequency general three-resonator filter is
filter is shown in Fig. 1. This is one possible
prototype of the general three-resonator
filter in rectangular waveguide using induc-
tive susceptances as coupling elements be-
tween adjacent resonators. A simplified
layout of the general three-resonator filter,
as realized in rectangular waveguide, is
shown in Fig. 2. A picture of the filter
model can be seen in Fig. 3.

Double inductive posts are used as in-
put/output couplings, Ko (Fig. 1). Inter-
stage couplings Ki» use side-wall circular
apertures similar to those employed in
sidewall directional couplers. Bridging cou-
pling K; uses an inductive circular iris in a
thin metallic plate separating resonators one
and three. Capacitive tuning screws are used
in each resonator.

The design of narrow-band general
filters in waveguide can be implemented us-
ing the procedures of Cohn [3] and/or Dishal
[4], [5] with modifications to accommodate
the bridging coupling Kis. For interstage
couplings, it has been shown that an inter-
changeability exists between normalized sus-
ceptances and coefficients of coupling [6].
Two direct-coupled waveguide filter models
were subsequently developed in RG-52/U
waveguide. The first model was a conven-
tional band-pass filter designed for a Butter-
worth response shape at a center frequency
of 8900 Mc/s. Input/output couplings Ko
were double inductive posts of 0.062-inch
diameter with 0.412-inch spacing between
post centers, resulting in a normalized sus-
ceptance, By =35.0. Interstage couplings
K2 were triple inductive posts of 0.093-inch
diameter, with 0.550-inch spacing between
post centers of the two offset posts, resulting
in a normalized susceptance, B;o=37.3. The
insertion loss vs. frequency response of this
filter is shown in Fig. 4. The second model
was the general band-pass filter previously
described. K, was realized using sidewall
coupling apertures of 0.323-inch diameter,
resulting in a normalized susceptance, Bis

resonator waveguide filter.

Fig. 3.

=37.3. The bridging coupling K13 used an
0.156-inch diameter iris of 0.031-inch thick-
ness, resulting in a normalized susceptance,
Bi13=90. This iris was soldered to the top
and bottom walls of the waveguide, with
0.031-inch air gaps between the metallic
edges and the waveguide side walls. The
insertion loss vs. frequency responses of the
general filter is shown in Fig. 5. The response
curves of Figs. 4 and 5 are plotted together
in Fig. 6. It can be seen that the general
filter provides peak rejection and enhanced
selectivity on the high-frequency skirt, at a
price of degraded selectivity on the low-
frequency skirt, and a modest increase in
pass-band dissipation loss.

The theoretical performance of the
general three-resonator filter can be de-
termined as follows.

Peak rejection should occur at a nor-
malized frequency X:

Ku) (Bls
X =+4+Kn (}{13 = Ki» 3.) ¢))
K1 and K3 are normalized coefficients of

coupling. Letting K5=0.707, B13=90, and
B12=37.3

Letting K12=0.707, B13=90, and B12=373
X=41.72
where

X2 (”J;“;Ti)

fo=AHlter center frequency
fsap=filter 3 dB bandwidth

Letting f=frequency of peak rejection:
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Fig. 4. Insertion loss vs. frequency response, conventional waveguide band-pass filter.
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Fig. 5. Insertion loss vs. frequency response, general waveguide band-pass filter.
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Fig. 6. Comparison of insertion loss vs. frequency responses.,
A
=/ o+ (*—];—dg) dy = ~QQ~T~ = normalized dissipation factor o
100 or second resonator.
X = 8900 + 1.72 (—2—) = 8986 Mc/s; Now
the measured frequency of peak rejection fo 8900
was 8995 Mc/s. Qr = Xf;:];_ 100 89
The theoretical insertion loss at the
frequency of peak rejection is approximately Letting
equal to the sum of two components:
IL =PoR @) Qur = unloaded Q of second resonator
P =10log (1 + X9, (3) = 4000,
1 89
- 201 [— ] s dy = —— = 0.0222.
o8 | 7%, @) 1000

where

For X =1.72, using (3), P =14.2 dB. Letting
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K13=0.291, d»=0.0222; using (4), R=37.8
dB, Then P-+R=52 dB, which can be
compared to a measured peak rejection of
=54 dB.

The pass-band insertion loss of the

general three-resonator waveguide filter
can also be determined.
LL.22 10 log {42 + A2], (5)

where
Ao = di%dy + Kis?ds + 2K12%dy, 6)
A = 2K 19K 3. ()]

Letting di=1, d3=0.0222, K;.=0.707, Ky
=0.291, 4,2=1.05, and 42=0.085. Then the
pass-band insertion loss using (5) will be
0.6 dB, as compared to a measured pass-
band insertion loss of 0.7 dB.

Reasonably good correlation between
theory and experiment has been attained.
The general three-resonator waveguide
filter described herein is applicable to situa-
tions requiring asymmetrical selectivity.
Possible areas of practical usage include
diplexer filters and sideband selection
filters.

Ricearp M. Kurzrox
RCA Commun. Systems Lab.
New York, N. Y.
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Peak-Pulse Power
Calibrations Initiated

The Radio Standards Laboratory at
Boulder, Colorado, has inaugurated o new
service for the calibration of coaxial RF
peak-pulse power meters. This service is
available for a frequency band of 950 to
1200 MHz and a peak-power range of | mW
to 3 kW. Calibrations are performed at pulse
widths of 2 to 10 us and repetition rates of
100 to 1600 pps, with a maximum duty
cycle of 0.0033 due to generator limitations.

The calibration system shown in Fig. 1
makes use of a sampling-comparison method.
This method® employs a specially-con-
structed diode switch to extract a sample of
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