_UNCLASSIFI ﬂ _

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

~UNCLASSIFIED



NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



4
p
4
]

-4

AT , B! R R N B I A T U A i IR N N A L
. ; ; Lt -+ : ; — t 4 : t + p—t—t
; : . i - ' 4 - ; H et b - . w 4 ‘ +— —1- -
t A 4 T N ! L P . . v ! —r b
! . [ - ; [, + e * — t T T,
—1 - A - T i T ! . ; ' o o 1
: A . L . i " I ot
1 . " ! . > e ! - s sl o -r v T T h Y 1 ” X N
- * i i : ! | | ;1 N i + i +
H N 1 n n 4 } 4
H i - VN . —t e + + P
K _ : L : : ; P B | i
X s e et —— : - t-—rt t + — T ED [
1 , . P . - | , : , i S ; L
i ! : - ; H +
i + bt b e o e e e } 1 . p _ ’
-+ . ? T . ' . R R i Lot 4 > + -
! FN . i AP U RN SO +-—+ 4ot $ LA T T v i H
! : : V , ' . ; ! N ST NN OO SN I S O S TEe B
v + - + - + ———t R e ‘ - : 4 o —r— t — F—— g j ¥
_ L - ) ‘ i it S . + T S S S % '
ek : et A -+ — 4+ +
e S E— SN R i
: , ~+ - ——r—t + 4 i + -ttt : L t— T 1] T
. N | N Lo r—t ek [ S U R D S . .
; - ! " et + - + t T T L T 1 . N
- H ¢ . : X N [ IR TS ST U PO S| 4 + T
. § " dt — -} : ot b «. +
b A e et Il.LTlalnﬂ t + Tt T : ’ - ! T ! !
* oy K . . ek S UUSSES TSN S SO S VSIS S SIS S ot -t # R i
= R A ” . 35 Enanana SneL s Iy IR DI =X T
) H T Lo i : : ) ; ; +
; g | 4 —mp  RLEE - + + —t t
IR S ! , i I IR o : ! . ) X IR N P ; ‘e
Lo ) . ol i ; B
e e L ot : L . b b b g s e et — —t—s : o ,
Tr R i . . bomind VSR S SRR,
L _ AREEEE SR NN AU S NSNS S ORISR E _ -
S s - . ¥ o ' ! . ! ' ' ! i PRGN B | 1 ! s N —
; N . [ SR S e e g e i - Y -+ .
R s St 1 U G SRV S o e R T e Sl i - — oot 3 !
4 ‘ : o H ! PRIV NI S S GRS S VS S + — + _—
. b ey +4- e - A e IR e ot + o N 1 i :
i : ) ! N i | " i ——l
_ _ — ; b \ e+ +
- i ! i I ‘ ; : Py : i L
) . b m boo ot e e —— P O S O e T = . o.t» .
N WO UNDUNSUMIEEDU S S S . : : , ; NS
: A e e e A e e § e s e ey e b PO - e
PR S bt
SO WUUUN IS SEIPESE | . ’ ‘, ‘
w\ i ; e e et bt @ e e ke B s
S S T S L s TR : -
B IR ™ S B I e
1 i S - - [EUUR S . 1 ot _ ’
SV VRN - e A 1 F— e
— b . : m PR s <. - VR U I S e el S s —— i L.v
[ SR P R — . _ t ' . .
" . . [ SN PR UG SR SR —d L = P
SOD WS S S — b e - N - : : P "
H ek [ - U W, R e qu!li PR 4¢491m e e e
R S : + A 1 i
. +- IR 3
: _~ _ : SRR S SO,
: H . - - e R e e i e ¥
o bt USSRV S B .- .
S S AR T m - NIRRT R
- : e e s — 4 - H R e e I w
SUUIES SO R m T X i
i et e mm . e
; e S A SRR I Sl ¢

|

4 — O
A

s s e -

}
!
Y
1
t
t
H
+
i
!
i
+
)
l
+
4
o b i e e s < PR 9.
l
+
N 1
"
4
'
!
}-
)
PO
bo-
e
+
i
i
i
'
t

i
H
4
3
b
$
f
!
i
i
+
I
|
|
{

|
1
t
'
{
|
i
t
|
+
‘
i
4

I O S
i 1

e e SRR *

’

i

b

i

'

+
-

|

.

¢

!
~

!

:

1

L

i

o

%

[

i

i

H
ek

+

- ad--fe
i
-t

.

'
t
,
+
4
.
,
.
|
'
T
1
-
.
)

PR
b
f
i

'
L
'

4

1

|

‘

;

-~

i
s
+
}

”

\

i

-

.

:

.
hm
LI

.

.

;

.

+

I
.

J T T b A
'

i
4
S
i
i
'
)
T
s
P ) ;
ot b ate 2o o e o s end
N 1
i
1
‘
¢
-~
i
i
i
|
B
'
+
o
A +
'
1
1
3

] . i . ~ Am _ _ . L.
~ ) - ) - 3 . PR B - - - - - - « PR - R S - — ywlt — . - ...w - S— - N
- - R - o T R - .
: . ROV S, — — - v e —— . et < it
i do ek e by -

I3
t
;
-t
.
|
¢
,
T N
i
.
I
'
i
B )

R
.

e N
i
'
1
'




mé’“"m .

§omirnt

Technical Report No, 1

DEVELOPMENT OF
TRAVELING-WAVE TUBE AMPLIFIER
FOR
SPACE COMMUNICATION SATELLITES

Contract No. DA 36-039 SC-87480
U, 8. Army Signal Research and
Development Laboratory

File No. W-J 61C-443R3

Covering the period
1 July to 30 September 1961

By
Lester A. Roberts

"The work under this contract was accomplisked under
the management, direction and guidance of the U. 8.
Army Advent Management Agency and under the technical

direction of the U. 8. Army 8ignal Research and Develop-
ment Laboratory. "

Watkins~Johnson Company
33338 Hillview Avenue
Palo Alto, California

[



i
i

U. 8. ARMY SIGNAL RESEARCH AND Technical Report No. 1
DEVELOPMENT LABORATORY 12 October 1961
File No. W-J 61C-442R3 Page i

ABSTRACT

This report covers the work accomplished during the first quarter
on a 35 watt, long-life, reliable traveling-wave tube amplifier for use in space
communications satellites. Work accomplished on the mechanical details of

the circuit, the matching sections, collector, and electron gun are described.

Construction details of the first beam testing structure are given.
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PART ]
1.0 PURPOSE

This program is a three-year research, development, construction, and life-testing
program for a long-life, reliable traveling-wave amplifier for use in space communi-
cations satellites.

2.0 GENERAL FACTUAL DATA

2.1 Related Project

Much of the work reported in this and subsequent technical reports is the result of effort
_expended on similar tube type contracts; 1) sponsored by the Navy, which was started in

January, and 2) sponsored by the Air Force, which was commenced in July. Therefore,

in an effort to obtain an efficient development program, all three programs are simultan-

eously coordinated, with a free exchange of engineers and technicians between the various

projects. In this way, each project is able to benefit from the results of the other programs.

2.2 Program Organisation

The first month of this program was spent in detailing the program organiszation for this
contract. It is clearly evident that this organization is necessary for a program of this
magnitude. The project performance and schedule is included in the back of this report.

2.3 Clean Faoilities

A number of vendors for clean assembly booths have been contacted. We are still awaiting
samples of various units for evaluation. These units should arrive very shortly.

3.0 TU ATA

3.1 Electrical Design
3.1.1 General

The electrical design of the tube as set down in our proposal has been checked and
no changes have been made. Although the beam voltage and beam power may be
slightly higher than are required, no changes have been made, since the results
of the first completed tube will answer a great many questions such as efficiency,
gain, power output, and the various problem areas. The results of this first tube
will then provide the first stepping-stone toward the progranis objective.

8.1.2 Helix

Phase measurements on a 50 mil ID, 50 TPI, and 10 x § mil tape helix glazed to
3 beryllia wedge supports have been taken and are shown in Fig. 1. Also shown
on the figure, is the dispersion curve of the same helix supported by friction in

3 unglazed alumina wedges. Above this last curve is the expected data of the helix
when brazed to 3 beryllia wedges. Constructional details of the helix assembly is
discussed later in this report.

A
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Fig. 1 - Dispersion curves of a 50 TPI, 50 mil ID, 10 x 5 mil tape helix supported
fl in various manners. The lower curve shows the results when the helix is glazed to
t three BeO wedges and the middle curve is when the helix is held by friction by three

alumina wedges. The top curve represents the expected dispersion curve if the
{l helix is brazed to three BeO wedges.
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3.1.3 Couplers

i
!
b
H
[
i
i
t

Much effort was expended in the design of a suitable coupler. Three
courses were initially investigated and are: (1) waveguide coupler using
an antenna to exchange energy between the waveguide and helix, with a
cylindrical ceramic window concentric with the beam and helix; (2) the
same type of coupler as the first method but with the window in the wave-
guide; and (3) coaxial line match with a direct pin connection to the helix
with the window in the coax,

gt

el el el

The third method of approach has been partially investigated and offers

a simpler electrical design but does require a more difficult mechanical

, design problem, which has not been solved. The other disadvantage of

f this match is that coax to waveguide adapters will have to be used thus

: further complicating the design and adding to the total VSWR. The advantage
of this type of match allows the helix to run at a different potential than the
outside body. A This potential difference will allow operation of the anode i
above helix potential to provide an ion barrier for the cathode. In the first
two methods, the antenna must be securely fastened to the body thus requiring
the helix and body to operate at the same voltage. This means that with the

: first two methods, a modulating anode is mandatory. As described in the gun
i section, it appears that there is a gun design which will allow the anode to be
separated from the pole piece. Therefore, the antenna match is currently
being pursued with the first method receiving the highest priority.

[Res——
Vunmapadd

B st

The initial antenna match used silver paint to establish electricsl contact |
ﬂ between the various cold test components. It was discovered that the silver '
. paint was very lossy at the operating frequency hence all parts were remade

and were bragzed or soldered together. The ceramic window is of the high

alumina type with a wall thickness of . 020 inches and its fragility will in no

way weaken the entire tube design. This is because the window will be

encased by the waveguide thus providing strength and support.

The coupler program was slightly delayed by the lack of helix structures, the
reasons for this are given in a later section of this report. Commencing at
the beginning of the next quarter, sufficient helix assemblies will be available
so that the coupler design should progress satisfactorily.
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3.1.4

3.1.5

3.1, 6

Attenuators

The initial tube is planned with attenuators made by spraying aquadag onto

the helix and beryllia wedges. The fixtures for mounting the helix assembly

in the spray facilities have been made and also provisions are taken to have

a monitor rod in which continuous ohmic readings of the carbon deposition will
be made. The necessary electronic equipment for the measurements have been
assembled and are currently being checked.

As mentioned in the coupler section, preliminary work was done on the coaxial
match. The results of that work is being used in the attenuator program during
the phase that the loss is measured. The method here is that the center con-
ductor of the coax will extend into a semi-circular trough. Into this trough

the helix with the loss is placed and the measurements will be made. This
technique has not been experimentally verified but the results are expected in the
very near future,

Collector

The first two-stage collector design has been completed. An assembly drawing
of this collector is shown in Fig. 2. All parts and tooling for this collector
have been made and are awaiting technician time for assembly to a beam tester.

Electron Gun

An electron gun tester was built with multi~electrodes to act as the focus
electrode and tested in the electron beam analyzer. Separate leads were at-
tached to the various electrodes so that the potential in the cathode to anode
region could be varied. While ihe potentials are varied, the beam profile is
examined in terms of beam size, profile, and laminarity. The variables in
this type of gun design are the cathode convergence angle and the anode con-
figuration. Three different cathode convergence angles of 50°, 450, and 40°
have been tried. The beam converjgence varied from 200 to 120, In the 40°
cathode, the perveance was 1.1 and for a 30 mil beam, the beam minimam
ocourred at 0. 175 inch away from the anode side that faces the cathode. With
this beam minimum position, it will be possible to insulate the anods from
the magnet pole-piece. This gun will be tried in a dc beam tester for beam
transmission,

R e g
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} Before the gun can be made, an enlarged version of the multi-electrode
gun is placed in a tank. Identical voltages asthose used in the gun test are
then placed on the various electrodes and the potential along the beam
boundary is plotted. The multi-electrodes are then replaced by a suitsble
focus electrode geometry that will produce the same potential along the
beam boundary. A second gun with this new single focus-electrode is con-
structed and tested to see if the same beam is produced.

B e
. .

prapeay |
g

Concurrently with the new beam tester work, another cathode with a con-
vergence angle of 38° will be tried in an effort to get a slightly lower area
convergence.

3.1.7 Magnet

As calculated, the expected magnetic field for beam focusing should be about
1400 gauss. A number of magnet companies have been contacted in respect

to obtaining a bowl type design with a gap spacing of about 2. 5 inches. We
have not received any responses to our request for quotations. These requests
are being followed through and expedited by our Purchasing Department, If
quotations are not received in a reasonable time, we will request help from

P the Advent agency in this matter. It is imperative that we get ourfirst order

' out and find out what problems will be involved.

8.2. Machanical Design
3.2.1 General

SR AL 7 s D =i

bond buad ol

= |

P

b .

The design for the first series of tubes is complete and a majority of component
subassemblies have been successfully brazed. These tubes will utilize the

gun used on the Navy program and has a psrveance of 1. 1 with an area oon-
vergence of 60. The collector for these initial tubes are the single stage type.
A Philips cathode will be used. The first tube will be a beam tester and provide
us with information on the difficulty of focusing the beam. More time than had
been anticipated was required to solve two of the problems associated with the
circuit. One beam testing tube was completed, it contained all the elements of
an operating tube with the exception of the hclix structure and waveguides. This
beam tester is in the process of rework because the drift tube became dislodged
from the tube.
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3.2.2 Helix Assembly

Helices are being attached to the BeO support wedges through the use of a
high melting point glaze. Unlike the round rod supports, the wedges require
orientation with respect to the axis of the helix. The centerline of the wedge
cross-section must be aligned so that its extension will pass through the axis
of the helix, If this is not done, the constraining forces exerted by the copper
body on the wedges will have a tangential component which will cause the
wedge to rotate thus breaking the glaze and destroying the structure.

The design of the holding fixture required to maintain this critical alignment
while heating the jig, support wedges, and helix to over 1000°C required
more time than had been anticipated. Several steps were required to evolve
a completely suitable design. Each of these steps required form grinding

in molybdenum to very close tolerances, thereby making the time to design,
build, and evaluate each design long. Parallel effort could not be used fruit-
fully so delay in the program was experienced.

The final system which was developed produces very good structures with

a minimum of operator skill required. A picture of one of the helix-wedge
subassemblies is shown in Fig. 3. Figure 4 gives another view of the wedge-
helix assembly after being inserted into a copper barrel. This copper jacket
did not have formed grooves. The picture illustrates the support technique
used and gives a view of the wedge cross-section.

At the same time the glazing problem was being solved, tooling to produce

the copper tubing used to constrain the helix-wedge system was hotq developed.
Thecopporttblncromﬂrod.ﬂ%ndimgroovu;ppmmly.ow'dnp.
spaced 120° apart to provide a matching surface for the side of the BeO wedge
opposite the helix. Since this intersection must transmit heat, more than a line
contact was desired, and the above requirement for the inside of the copper
body was established.

A variety of machining operations were tried, but none of them were capeble
of providing the desired surface finish and tolerances. The first suitable
bodies were made by electroforming copper over mandrels made by extruding
aluminum through dies of the proper cross-section. In August delivery was
made on the broaches which provided the most satisfactory and economical
solution to the problem.

Technical Report No, 1
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Fig. 3 - A 50 TPI tape helix with an 0. 050 inch inside diameter supported by BeO

wedges. The tape helix is 10 x 5 mil molybdenum and the BeO wedges are made from
60 mil diameter rods.



U. S. ARMY SIGNAL RESEARCH AND Technical Report No.
DEVE LOPMENT LABORATORY 12 October 1961
File No, W-J 61C-442R3 Page 9 of 15

Fig 4 - Helix and BeO wedge assembly inserted into a copper barrel. As shown,
the copper is tangent to the wedges, in final form the contact will be over the entire
outer arc of the wedge.
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3 23

3.2.4

With the helix-wedge subassembly and properly shaped barrels available
both electrical cold test and heat flow tests could be supported with suitable
parts,

An evaluatory rf circuit subassembly is shown in Fig. 5. Each of the ceramic

windows shown will be exposed to a gap in a waveguide to provide coupling to
the helix

The picture also shows the soft copper sleeves which will be brazed into the
pole pieces Through these sleeves may be seen the tunnel through which

the electron beam must be focused. As shown the opening is larger than the
helix inside diameter to allow sufficient clearance to allow the sleeve to be
bent slightly in aligning the helix to the beam during operation without causing
interception on the flexible section

Beam Tester

One beam tester was built late in the quarter. A picture of the beam tester
is shown in Fig. 6 The copper barrel which replaces the helix has a . 050"
diameter hole through it to simulate the helix in-so-far as beam behavior is
concerned The large central barrel contains the copper barrel and is used
for alignment. The gap at the end of the barrel is bridged only by the thin
copper sleeve shown in Fig. 5. Three rods bridged between the pole pieces
form a cage about the simulated rf structure. In each end of the three rods
adjusting screws may be seen. These will be used to move the axis of the
helix to align with the beam axis by minimizing the helix current

The pin seal on the large barrel allows the simulated helix to be electrically
connected to allow helix current to be measured The rf windows provide
the dc isolation required since they are not bridged by an antenna as they
will be in a final version of the tube.

Heat Flow Tests

Direct measurement of the temperature rise of the helix when supported by
the BeO wedges in the copper barrel was desired Two experiments were
run to develop this data.
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The first of these utilized cooled connections to each end of the helix. When
heated by passing electrical current through the helix, the required data should
have been developed. During the test however, some turns of the helix became
visibly hot while the others remained black. The explanation lies in the non-
uniformity of cooling aue to minor variations in the glazing. As heating occurred
certain turns would become hotter than others;due to the fast change in electrical
resistivity of molybdenum with temperature, more power was applied to these
pocrly cooled turns further increasing the temperature. A run-away condition

is thus established.

Even with this problem about 150 watts of power was dissipated in a section

of helix about one and one-half inches long. Three or four hot-spots existed
with temperatures about 900°C measured by optical pyrometer. The remainder
of the helix was below color in temperature. This test obviously did not provide
definitive results, but the results were not cause for rejection of the support
system either,

The next test, which was designed to eliminate the uneven heating, utilized
electrons released from a heated tungsten wire centered in the helix. By
placing a de voltage between the helix and the emitter, heating of the helix was
obtained. By this means uniform heating may be assured.

The first test failed after getting about 35 watts dissipated on the helix. The
emission from the tungsten emitter used was too low, and in attempting to heat
it sufficiently to obtain the desired power level the emitter was lost.

A new set-up was planned which will use a larger diameter tungsten wire for
the cathode. Also a thermocouple will be attached to the helix to allow the
helix temperature to be monitored continuously.

This series of tests are important since the heat flow through the interfaces
formed between the helix and the BeO support and between the BeO and the
outer copper sleeve does nct lend itself to calculation. The success of the
tube program is directly related to obtaining good thermal conductivity from
the helix to the outside heat sink.

4.0 CONCLUSIONS

As evident in the preceding sections, the work accomplished on a similar tube type
supported by the Navy has given this program a very healthy start. Schedule progress
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appears satisfactory with completion of the initial phase of the various tasks aimed to
coincide with the first major milestone at the end of next quarter. This milestone is
the completion of the first rf tube,.

PART II

5.0 PROGRAM FOR NEXT INTERVAL

The schedule for the next quarter will be to build the first rf tube. To accomplish
this, the following tasks will have to be accomplished.

1. Complete aquadag attenuator design.

2. Complete preliminary rf coupler,

3. Test and evaluate a beam tester with an electron gun with a perveance

of 1. 0 with an area convergence ratio of 110 or slightly larger.

Concurrent with accomgiishing the first rf tube, the depressed collector used in a
beam tester will be evaluated. Also, the magnet procurement and design will have
to be closely monitored so that no delays might develop.

A schedule for the second quarter is shown on the following page.

6.0 IDENTIFICATION OF PERSONNE L

6.1 Engineers assigned

The following engineers were assigned during the period 1 July to 30 September 1961
and performed the hours of work shown.

C. A. Arnold 238 hours
Robert Frost 153 hours
James Long 92 hours
Lester A. Roberts 120 hours
George Wada 318 hours

Total 921 hours

Biographies of the above engineering personnel are included at the end of this report.
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PROJECT SCHEDULE CHART

TASK October November December

Electron Gun

Design and test ///A

Beam tester No. 1 7//A

Redesign and test 7////// 4 Y

Beam tester No, 2 //

Redesign and test // Z

Beam tester No. 3 ///
Coupler h

Ceramic window and antenna //////////

Coaxial pin and window** /////////)

Attenuator

Aquadag attenuator / / / / / / //,
Ceramic attenuator ///////

Collector (two stage design)

Used with beam tester A /////1'
Redesign and fabrication ////

* K

RF Tube No. 1

*x
Construction (with sample collector) /////

Magnet
l/
Order /A

Delivery B

* Use best design at this point to construct the first rf tube.
»* Initiation of work on this phase to depend upon the success of the other approach.
*++ Completion of first rf tube.
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