THE UNIVERSITY OF MICHIGAN
ANN ARBOR, MICHIGAN

QUARTERLY PROGRESS REPORT NO. 1k
FOR
RESEARCH AND DEVELOPMENT ON HIGH-POWER CRESTATRONS
FOR THE 100-300 MC FREQUENCY RANGE

This report covers the period October 1, 1963 to January 1, 196L

Electron Physics Laboratory
Department of Electrical Engineering

By: G. T. Konrad Approved by: ;7

. K. Rh
C. K. Rhee 60 . Konrad
Project Engineer

Qrﬁﬁw

. Rowe, Director
Electron Physics Laboratory

Project 03783

NAVY DEPARTMENT BUREAU OF SHIPS
ELECTRONICS DIVISION
CONTRACT NO. NObsr-81L403
PROJECT SERTAL NO., SFOL00 201
TASK NO. 929k

January, 1964






ABSTRACT

A series of trajectory plots is shown which led to a reasonably
good electrical design for the Pu = 20 gun. The work done on the

electrostatically focused tube using a PM = 4.46 gun indicates that

much better focusing can be obtained with the improved gun. At reduced
voltages the beam transmission is only fair but it is shown that the
percentage of transmission is improving as the design voltage is
approached.

In order to center the operating band of the 100-watt Crestatrons
more nearly within the desired frequency range and in order to overcome
the r-f losses observed in the couplers, a revision is made in the tube
design. The new dimensions and electrical parameters are shown.

-iii-



TABIE OF CONTENTS

ABSTRACT

LIST OF ILLUSTRATIONS

LIST OF TABLES

COMPUTER DESIGN OF HIGH-PERVEANCE HOLLOW-BEAM GUNS

EXPERIMENTS ON THE ELECTROSTATICALLY-FOCUSED HOLLOW-BEAM

PERSONNEL
1. INTRODUCTION
2.
3.
TUBE
L.

WORK CONDUCTED AT THE BENDIX RESEARCH LABORATORIES
4.1 Experimental Data on Tubes
4.2 Summary and Evaluation of Tube Performance

4.3 New Electrical Design, TW-147

SUMMARY AND FUTURE WORK

-1V

Page

iii
iv
vi

vii

10
10
10
19
2=

25



Figure
2.1

2.2

2.3

2.k

2.5

2.6

2.7

3.1

b1

L2

k.3
L)

L5
4.6
L7

LIST OF ILLUSTRATIONS

Trajectory Plot for Electrostatically Focused
P, = 20 Gun. (3, = 3.732 x 10° AMP/m% P, =

18.017)

Trajectory Plot for Electrostatically Focused
P, = 20 Gun. (3, =3.813 x 10° AMP/m?, P, =

18.397)

Trajectory Plot for Electrostatically Focused
P = 20 Gun. (JO = 3.811 x 10° AMP/m%PH =

L
18.388)

Trajectory Plot for Electrostatically Focused
P, = 20 Gun. (JO = 3,726 x 10° AMP/m3 P, =

17.991)

Trajectory Plot for Electrostatically Focused
P, = 20 Gun. (9, = 3.698 x 10° AMP/m% P, =

17.854)

Trajectory Plot for Electrostatically Focused
P, = 20 Gun. (JO = 3,722 x 10° AMP/m%PM =

17.97)

Trajectory Plot for Electrostatically Focused
PH = 20 Gun. (J_ = 3.T51 x 10° AMP/mZ,PH =

18.109)
Beam Transmission vs. Beam Voltage.

Power Output Characteristics of TWT-143-A-1L
(I = 400 ma).
K

Power Output Characteristics of TWT-143-A-1L
(IK = 300 ma).

Power Output of TWT-1L43-A-15,

Comparison of Insertioh Losses of Tubes No.
13 and No. 1k.

Computed Power Level on Helix in TWT-143-A-15.
Insertion Loss of TWT-143-A-15.

Cross Section View of TW-147.

- -

11

1h

15
16

17
18
20

2k



LIST OF TABLES

Table Page
h.1 Physical and Electrical Parameters of

Tubes Tested 12
4.2 Physical and Electrical Parameters of

TW-147 22
.3 Design Parameters of TW-147 20

“Vi-



PERSONNEL

Scientific and Engineering Personnel

J. Rowe Professor of Electrical Engineering
J. Boers Associate Research Engineers

G. Konrad

W. Rensel Assistant Research Engineer

C. Rhee Research Assistants

D. Terry

Service Personnel

*Time Worked is based on 172 hours per month.

~-vii-

Time Worked In
Man Months¥

.20

.88
.95

AT
1.58
40

9.53






QUARTERLY PROGRESS REPORT NO. 1k
FOR
RESEARCH AND DEVELOPMENT ON HIGH-POWER CRESTATRONS

FOR THE 100-300 MC FREQUENCY RANGE

1. Introduction (G. T. Konrad)

Contract NObsr-81403 comprises a research and development
program on high-power 100-300 mc Crestatrons. The aim is to con-
struct compact 100-watt Crestatrons employing permanent magnet focusing.
Initially the tubes will be tested in a solenoid until they meet
electrical specifications, but ultimately the permanent magnet focused
tubes employing a depressed potential collector will be ruggedized
so as to meet environmental specifications. This work is being
conducted by the Bendix Research Iaboratories on a subcontract from
the University of Michigan.

Theoretical as well as experimental studies on high-perveance
hollow-beam electron guns, in addition to electrostatic focusing systems
initiated some time ago on this program, are being continued by the
University of Michigan. The ultimate goal of these studies is to
demonstrate the feasibility of using electrostatically focused, high-
power, hollow electron beams in microwave devices. In addition, it is
intended to work out a design for an electron gun compatible with a

high-power vhf Crestatron.

2. Computer Design of High-Perveance Hollow-Beam Guns (C. K. Rhee)

The first set of beam trajectories for the PM = 20 gun shown in
the last quarterly report indicated the necessity of a stronger focusing

lens in order to overcome the large space-charge forces within the
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the electron beam. Since the focusing action does not penetrate into
the beam deep enough with the present lens electrodes, a modification
of the shape of the lens electrodes is suggested.

A series of figures (Figs. 2.1 - 2.7) shows the various stages
in the modification of the lens-shape during the past quarter. Figure
2.1 shows a great improvement eliminating the gun region interception
entirely. However, the degree of beam trajectory crossing is increased
due to overly strong focusing action at the beam edge, as expected. In
Fig. 2.2 the lens-shape was changed in such a way that there exists
a stronger defocusing force, and hence the amount of trajectory crossing
is somewhat reduced. In Fig. 2.3 the last anode was opened up a little
with the anticipation of a stronger defocusing action at the beam edge,
but there is not an appreciable change in the trajectory crossing. In
Fig. 2.4 the lens-shape was changed to enhance the defocusing action and
the last anode was closed back to the original position. The beam tra-
jectory crossing is seen to be much improved but still it is not good
enough to assemble a gun. In Fig. 2.5 the lens voltage was reduced

v v

from -2 T =

70 ° 7557 but the trajectory crossing is enhanced due to a very

strong lens action. In Fig. 2.6 the lens electrodes were moved away from
the beam and the last anode was opened again. There still exists a small
amount of trajectory crossing. In Fig. 2.7 a further removal of the lens
electrodes eliminated the trajectory crossing completely. Although the
beam interception and trajectory crossing have not occured in the gun
region the beam as a whole is diverging and interception would take place
in the interaction region. In this respect Fig. 2.6 has a potentially

better transmission even though there exists a small amount of trajectory
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crossing. The final gun will be built using the geometry of Fig. 2.6
during the coming quarter.

The other PH =‘2O gun with a smaller mean beam radius has been
programmed, and the initial run was made. The major portion of the design

of this gun will be completed during the next quarter.

3. Experiments on the Electrostatically-Focused Hollow-Beam Tube

(C. K. Rhee)

The vhf electrostatically focused Crestatron was repaired and
reprocessed. The initial focusing test was conducted up to a beam
voltage of 900 volts, which is still considerably lower than the operating
voltage.

Figure 3.1 shows the beam transmission vs. beam voltage. Although
the transmission is poor at this stage, Fig. 3.1 shows that it is possible
to get a much better beam transmission as the operating voltage is increased.
It is expected that at the design voltage of 1500 volts the transmission
will be quite good. The beam current density started decreasing markedly
at approximately 800 volts due to a pressure rise within the tube as
various parts became hot. 1In order to overcome this difficulty it may

be necessary to pulse the beam voltage in future tests.

L, Work Conducted EE the Bendix Research ILaboratories *

4.1 Experimental Data on Tubes. Seventeen tubes have been com-

pleted to date. Twelve have been r-f tested and one is undergoing r-f
tests at the present time. Table 4.1 lists the more important physical
and electrical parameters of the tubes. Detailed data on the first

thirteen tubes has been presented in previous progress reports.

¥ This material was submitted by K. C. Earl of the Bendix Research
Laboratories.
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Tube number 14 utilized an 11.5-TPI helix 5.6 inches long, a
triode gun, and a coupled helix output matching section. Figures 4.1
and 4.2 show plots of power output vs. power input for this tube. The
gain, power output, and efficiency are less than the average values
obtained from previous tubes, and the optimum efficiencies ranged from
10 to 14 percent as compared to a general level of 18 to 21 percent
for previous tubes. The reduction in performance appears to be due to
the increased insertion loss of the coupled helix output coupler. A
comparison of insertion loss between a tube with two tapered matching
sections and a tube with one tapered and one coupled helix matching
section is shown in Fig. 4.3. The figure shows that the interaction
efficiency is apparently equivalent for the two types of output matching
sections. A new multi-electrode gun was then incorporated into the tube,
but the heater faiied prior to r-f testing.

Tube number 15 contained a coupled helix output coupler and a
tapered matching section at the input. The 11.5-TPI helix was 7.7
inches long. This tube had a tendency to oscillate when operated at
high beam currents with low beam voltages. Maximum power output was
observed at these high voltages where the inverse overload character-
istic of the tube occurs. Figure 4.4 shows a plot of power output vs.
power input, which illustrates this type of operation.

The coupled helix output coupler of tube number 15 had an average
insertion loss of approximately 3 db, reaching 8 to 9 db at some
frequencies. Figure 4.5 shows the insertion loss of the tube vs. fre-
quency; in addition, the insertion loss of the coupled helix coupler
is also plotted at several frequencies. An indication of the r-f power

generated by the circuit can be obtained by correcting the output power
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upward by the amount of the output coupler insertion loss. Figure 4.6
shows a plot of the computed r-f power level on the circuit vs.
frequency.

Tube number 16 used coupled helix couplers at both the input
and the output. The resultant high insertion loss degraded the per-
formance of the tube to such an extent that no new useful information
on r-f performance was obtained. However, tube number 16 contained a
depressed potential collector assembly and successful r-f operation
was obtained with the collector operating at BVO/M. In addition, a
noticesble decrease in the interception current on the third anode of
the electron gun was observed, which indicated that the depressed
collector allowed fewer secondary electrons to enter the interaction
region.

L.2 Summary and Evaluation of Tube Performance. The maximum

sustained power output thus far has been 105 watts; this was obtained
with tube number 9 operating at 300 mc. An output variation of 4o
watts occurred across the band from 100 to 300 mc. Tube number 10
produced an output of 14O watts at 250 mc, 110 watts at 200 mec, 85
watts at 150 me, and 40 watts at 100 mc, when operated with a cathode
current of 600 ma. These data were obtained by pulsing the current to
600 ma, since the tube could not be operated continuously at this current
because of a gradual decrease of cathode emission. Tube number 15 had
lower power outputs but the r-f interaction was good and the power
level corrected for output loss was above 90 watts from 110 to 300 mec.
This tube had severe inverse overload characteristics, however, and
improvement of small signal gain is required. In addition, all of the
tubes have been centered high in frequency. It was thought at first

that the low frequencies were not amplified as much as the high
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frequencies because of r-f mismatch degradations in the low frequency
range. However, it has since become apparent that the r-f structure-
electron beam configuration design caused the tubes to be centered
high in frequency.

The performance of the r-f couplers have all been degraded more
than expected by either excessive insertion loss or detrimental effects
on the r-f interaction in the coupling region.

In view of the above results three improvements are required in
a new design. These are:

(a) higher beam power so that the reguired interaction

efficiency may be lower

() adjustment of the electrical operating conditions so

that the small signal gain is at least as large as the
large signal gain, thereby eliminating the inverse
overload characteristics

(c) adjustment of helix-beam geometry relationships so

that the normal band of operation is in the 100 to
300 me range, rather than the approximate 200 to 600
mc range of the present tubes.

4.3 New Electrical Design, gﬂ-lh?. The new electrical design

assumes a power output of 125 watts at midband to allow a 1 db fall-off
of power level at the band edges while giving a minimum of 100 watts at
the band edges. Assuming a maximum conversion efficiency of 22.5 per-
cent at midband, the beam will require 550 watts of d-c power. A 0.500-
ampere 1100-volt electron beam was chosen for the operating parameters
for optimum large signal performance. Small signal gain data was there-

fore calculated at 1000 volts. The physical dimensions and the small
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signal electrical parameters were calculated for the new design which

uses the same electron gun as the TWT-143-A tubes and are listed in

Tables 4.2 and L4.3.

Physical and Electrical Parameters of TW-147

v, = 1000-(1100 large signal optimum) volts

IO = 0.500 amp

a = 0.472 inch (helix mean radius)

b = 0.950 inch (shield radius)

TPI = 8

r-T match - coupled helix couplers

collector - 1 stage depressed potential

gun - L4 electrode lens cancellation presently
used in TW-143

I, = 0.84 amp/cm®

By = 182 (Brillouin magnetic field)

B = 350 gauss (expected operating magnetic field)
o = 0.55 (beam thickness/beam to helix spacing)
Table 4.3
Design Parameters of TW-14T

100 me 200 mc
ra 0.58 1.29
C 0.38 0.30
QC 0.117 0.176
DLF (assumed) 0.8 0.8
ka 0.025 0.050
7(a—ro) 0.252 0.560

Table L.2

500 me
2.09
0.21
0.341
0.8
0.075

0.910
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The mechanical design of the new TW-147 tube has been com-
pleted. Figure .7 shows the mechanical design. All tube parts are
under construction and cold tests are under way at the present time.
The first TW-147 tube will be constructed and tested early during the

coming quarter.

5. Summary and Future Work (¢. T. Konrad)

The PH = 20 gun design has Dbeen completed as far as the
electrical parameters and the geometry are concerned. The mechanical
design of this gun will be along similar lines as the PM = L.46 gun.
It is expected that the gun will e constructed and tested in the beam
analyzer during the coming quarter. The computer work on the smaller
diameter Pu = 20 gun ultimately to be ussble in a high power vhf tube
will continue during the next quarter.

The data obtained on the electrostatically focused tube has
been encouraging. A broken lead within the tube prevented complete
data from being taken. At the voltages that could be obtained before
the tube has to be rebuilt, much improved beam focusing was observed.
Farly during the next quarter the tube will be rebuilt and testing will
be resumed.

several more 100-watt Crestatrons have been constructed and tested
during the past quarter. The data indicates that the power levels achieved
with the present tube design have been sufficiently high, but that the
tubes are centered too high in frequency. This is believed to be due to
a nonoptimum design in the r-f structure-electron beam configuration.
Thus some design changes have been made in order to overcome these

difficulties.
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At the present time the mechanical design of the modified tube
has been completed and cold tests as well as construction of the new

tube are underway. It is expected that the new tube will be under

test early during the coming quarter.
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