Correspondence

Regenerative and Pull-In Modes of
Millimeter-Wave Reflex Klystron
Amplifier

A reflex klystron used as an amplifier can
operate in both the regenerative! and pull-in
mode.? From articles published regarding re-
flex klystron amplification,3~% it appears that
considerable confusion exists on this subject.
It is the purpose of this communication to
distinguish clearly between the two phe-
nomena. The most readily noticeable dif-
ferences occur in the frequency behavior and
the input-output characteristics.

‘The significant difference in behavior of
the two modes is clearly shown by Figs. 1
and 2. If the signal is shut off, there is no out-
put from the tube operated in the regenera-
tive mode; however, if the tube is operated
in the pull-in mode, the tube output, pulled
in with sufficient input existing, will pull
away from the signal frequency to its free
running frequency of oscillation, as far away
as 200 Mc. Now, if the pass band of the re-
ceiver is limited, this oscillation may fall out-
side the frequency range covered by Figs. 1
and 2 and the two modes would appear in-
distinguishable from this aspect. To ascer-
tain pull-in operation, the oscillation could
then be located by tuning the receiver.

The two modes can also be distinguished
by their input-output characteristics, as
seen from Figs. 3 and 4. While the input-out-
put characteristics in the regenerative mode
are relatively smooth (Fig. 3), the input-
output characteristics for the pull-in mode
can be broken into three distinct sections,
namely, free running, pull-in transition, and
complete pull-in sections, as seen from
Fig. 4.

In general, it was found experimentally
that the gain (for comparable input levels),
minimum detectable signal, and noise figure
were larger for the pull-in mode than for the
regenerative mode. Though as yet not con-
clusive, this also appears to apply for band-
width. For example, noise figure of the pull-in
mode was found to be greater than 40 db
while for the regenerative mode it was less
than 30 db.

Thus, by gradually varying the input
level or removing the input signal alto-
gether, the behavior of the amplifier output
indicates the mode of operation.
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Fig. 1—Regenerative mode of reflex klystron am-
plifier VA-250. Upper picture shows amplified sig-
nal, gain at 70.19 kMc is 20 db, V4 =1587 v,
Vy = —446 v, Lower picture shows amplifier output
with no signal input. Horizontal axis is frequency
swept., Input signal is 1000 cps square wave modu-
lated and generated by a VA99 reflex klystron.

Fig. 2—Pull-in mode of reflex klystron amplifier VA-
250. Upper picture shows oscillator locked into the
CW signal frequency of 70.13 kMc. Gain is 10 db.
Lower picture shows amplifier is now a free
running oscillator at 70.17 kMc with input re-

moved. Horizontal axis is frequency swept.
Va=1460 v and V;= —222 v.
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Fig. 3—Input-output characteristics of VA-250 re-
flex klystron amplifier operated in regenerative
mode.
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Fig. 4—Input-output characteristics of VA-250
reflex klystron amplifier operated in pull-in
mode.
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An Additional Relation for “Design
of Mode Transducers”

Solymar and Eaglesfield,! and recently
Wolfert,? have disclosed analytical methods
for designing the contours of tapered wave-
guide mode transducers to favor the desired
modes and suppress the spurious modes.
Basically, the methods are similar, but they
differ in the selection of the mode weight-
ing functions and in the methods of plotting
the cross-sectional boundary contours. The
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