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2-5267 CERAMIC TETRODE; 40 WATTS AT 3000 MC. PRODUCTION ENGINEERING MEASURE

REPORT NO. 3
THIRD QUARTERLY PROGRESS REFORT

1 DECEMBER 1962 THROUGH 28 FEBRUARY 1963

Objective: (1) To establish production techniques for assembling
and testing the Z-5267 tube.

(2) To propose a final tube specification.

(3) To demonstrate 75 tube per month production
capability.

CONTRACT M0. DA 36-039-8C-86735

SIGNAL CORPS INDUSTRIAL PREPAREDNESS
PROCUREMERT REQUIREMENTS NO. 15

CIASSIFICATION - NONE
REFORT BY - V, W, AMOTH
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1.0 ABSTRACT

A sumary of the present status of the entire program is described in
detail. Ten engineering sample tubes were sh:lppgd on the due date of 25
February 1963. Thirty more tubes are due near the end of the next quarter.

Some problems have occurred in receiving parts out-of-specification
limits. These are being corrected. A cathode sublimation problem has caused
a change in all chemical cleaning and plating baths. Considerable analysis
work is in progress to trace the sublimation source.

The first exhaust set is in operation and operates satisfactorily ex-
cept for a problem in the temperature controller.

The amplifier cavity has been reworked and higher power output obtain-
ed. Oscillator cavity work is continuing, for RF aging and life 'test pur-

poses.
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2.0 PURPOSE

The obJective of this contract is to refine the assembly techniques and
standardization of processes and procedures which would result in a more man-
ufacturable product. Research work on this tube was performed under Contract
DA 36-039-SC-75069. Parts processing in larger quantity along with tolerance
tightening of both the parts and sub-assemblies will reswlt in narrower tube
gpecification limits for more consistent tube usage.

The objective test requirement is the General Electric Proposed Military
Specific;a.tion Sheet, Type 2-5267 dated U4 May 1962. The specification defines
a ruggedized metal-ceramic planar tetrode which will produce 40 wattes as a
CW amplifier at 3000 megacycles. It includes a 400 G shock test, 50 to 1000
cycle vibration at 15 G and a 200 C amblent and RF life tests.

Forty engineering tubes will be supplied to evaluate various assembly
improvements and a&id in writing a final specification. Ten pre-production
tubes will be supplied to this specification. In addition, seventy-five
shippable tubes per month final production capability will be d.emor;strated.

Process studies will be conducted and included in an over-all Inapeétion
and Quality Control Meanual. In addition, a complete plan for producing 200

tubes per month will be submitted.

-2-



3.0 NARRATIVE AND DATA

The first ten engineering sample tubes were shipped on the due date of
25 February 1963. Tubes assembled during this quarter have shown several
problems associated with the building of the tube. Initial tubes showed
power output of about 20 - 25 watts. This low pover was subsequently traced
to burned out grid wires. However, tubes with known good grids produced powers
in the range of only 30 to 32 watts output. Careful examination of the cavity
showed no major difficulty, gnd attention was turned again toward the tube.
As the major part of transit time loss is in the grid-cathode region, this
distance was decreased 10%. Tubes built after this change showed a predom-
inance of grid-cathode shorts. The previous wider spaced tubes did not have
as many shorts. Careful dissection of tubés indicated that the grid had ro-
tated with respect to the cathode so that the grid bar was touching the cath-
ode and producing the short. In some caées the grid bgrbrested on the 1nsu-‘
lating cathode coating, so that the short was not evident unless the expaust
appeared abnormal or cathode breakdown occurred producing a short circuit.
Investigation of the grid-cathode shift problem revealed that rotation of
the locking mechanism for the spring tended to rotate the cathode with re-
spect to the grid, giving direct grid-cathode shorts. A device was built
to depress the spring separately so that the locking mechanism could be ro-
tated without turning the spring. This was expected to eliminate the grid-
cathoée short problem. However, shorts continued to pers;st. Futher in-
vestigation showed that the flat cathode was buckling under the heét to a

degree vhich allowed it to touch the grid wires at the center causing shorts.



Thicker cathode lids are now being procured in an attempt to have sufficient
thickness of materisl so that buckling will not occur.

During the period when closer grid-cathode spaced tubes were built, in
order to decrease the transit time loss and increase the power output, six
tubes built on the former contract were obtained on loan from the Signal
Corps., These were obtained for comparison of power output readings to de-
termine if the cavity was operating properly. Although listed as 38 to 4l
watts output in the previous contract, the tubes now tested 30 to 38 watts.
Due to the lower power obtained, additional emphasis was placed on improving
the ampiifier cavity. A second cavity was assembled with some changes in-
corperated therein. A tuneable driver was built and one Signal Corps tube
which had measured 33 watts now peaks at 38 watts. Additional tubes will
be checked, as available.

After exhaust, testing of all tubesshowed a fair amount of gas present
in the envelope. Low voltage DC aging overnight cleared up this gas almost
completely. However, additional gas was evolved as higher voltages were
applied to the tube. DC aging was initially used up to 1000 V and 125 mil-
liamperes plate current. After that, RF aging was used to continue the
final aging process. Some difficulty was experienced in the DC aging and

- RF aging steps in that, as higher voltages and currents were applied at
each step, additional gas was evolved which tended to' cause an arc from
anode to the grids resulting in grid wire burnout.and catastrophic tube
failure. It was found that if changes in voltages were made slowly enough,

this arcing did not occur. It was thus concluded that the getter was

b
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gettering the gas as desired, but that the gas was being released at too
rapi;d a rate unless small steps were taken upon incresasing voltagé and
current. At this stage 1t was felt desirable to explone AC aging. ‘A one
position AC aging socket was wired up a.nd & good tube was carefully brought
up to 1000 volts AC and 100 milliemperes avera.ge plate current, and showed
no degradation of long pulse emission. It was thus concluded that AC aging
should not harm the tubes. Additional tubes put through this one positioﬁ
rack indicated that AC aging might replace a good deal of the RF aging pre-
viously used. However, the problem still remained that the voltage and
currents had to be increased in small incruments. See section 3.1l for
further information on AC aging.

A sublimation problem, which a.ppears to be barium eva.porat:lon from
the cathode, has appedred in the last féew tubes built. This causes de-
posits on the anode ceramic, screen ceramic and leakage between all ele-
ments. The sublimation is severe enough that power output is appreciably

decreased. We are using all available facilities to trace ‘the source of

sublimation. It is planned to open a tube in our mass spectrometer to de-

termine what gasses evolve. It is planned also to exhaust tubes on the
mass spectrometer for the same purpose. Analyses of sublimation materials

will be made. Analyses of the cathode materials and any other suspected

" part will also be made for contaminants which may trigger sublimation,

ractory processing has been used to date. Tubes are being made with
nea.rly complete processing in the Development Shop, 80 as to eliminate

this as a source of trouble. Other analyses will be made a.s tests indi-
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cate are needed.

3.1 TOLERAKCES AND FIXTURES

3.

Fixtures have been built to roll over the edge of the
nunber one heater lip as discussed in the last quarterly
report. This will give a rounded corner on the heater
contact. Of the first ten tubes shipped to the Signal
Corps, only one contained this rounded heater 1ip. How-
éver, additional tubes are being built with this fga{-.ure.
ANODE CERAMIC

The brazing fixtures for centering this anode ceramic
have been tried out and work quite satisfactorily. All
tubes are now being built using these fixtures. 4
MOLYBDENUM CONTACTS

The initial strip forms rolled to circular shape and
tacked vith a nickel tab before brazing proved very satis-
factory. However, subsequent parts received have shown
tiny cracks on the first three fingers on one end of the
strip. This is the same material that the first parts
ve;emadeofsothatthecracksmustbednetothedieand
part making process. This is being reworked for correction.
SUPER DRY HYDROGEN

The only remaining super dry hydrogen process is used
in the brazing of the grid package. It was intended to have

tried a moly-manganese metalizing and brazing process by this

-6-



3.5

3.6

time. However, press of other problems has not yet allowed
this test to be run. -
EXHAUST SETS

The first five position exhaust set was feceived during
this period and put into operatidn. After initial debugging,
ihe set shows quite satisfactory pi'essures. Single tubes are
being pinched off at 5 X 10~ m of mercury or less. The sec-

ond- exhaust set 1s being slightly modified as experience is

‘gained using the first set. Solenoid operating vacuum valves

are being used in both sets » in an attempt to facilitate ease

" of operation and give protection to isolate portions of the

system from damage in case of electrical power failure.

_CATHODE COATING

Near the end of this period we were experimenting with

" denser coatings. Initially these seemed to work satisfactorily,

_however tubes were built which had thick dense coatings which

" caused the cathode coating to have poor adhesion to the base

nickel of the cathode structure. Thus, separation of the two
parts occurred giving poor emission and little interface for-
mation on the cathode 1id. These particular lots of cathodes
did not spray the same as previous lots even under the same
condition, 80 a new lot of cathode coating mix was made.
Tubes made on the new lot have since proved similar to pre-

vious coatings which were satisfactory.



3.7

3.8

RADIATOR
No effort was spent on producing a reusable radiator

. during this period due to efforts toward bullding operable

tubes. This work is scheduled to commence early during the

next quarter.

ARODE SLOTTING

Pigin faced anodes have been made and could be put into
tubes. However, the cathode shucking problem of 3.6 aﬁd the
sﬁbsequént_ problem of high sublimation of 3.0 in the cathode
has made. :i.t undesirable to put t_hese few parts into tu;tJes »

until both of the problems have been corrected.-

' SCREEN CURRENT

Low power output in some tubes has been attributed to
arcs which burn out screen wires. However, a more direct

screen current prbblem has been that of primary emission

" from the screen due to its running at too high a temperature.

During RF operation, application of drive to the grid of

the tube has increased the screen current in some cases.

-In other cases it has decreased screen current due to the

sémen emission being gréater than the normal increase due
to drive. Grids are being more carefully assembled now to
get better line up than previously in order to control the
high screen wire temperature. Procedures are being set up

to correlate grid-screen line-up with RF performance.

-8-




3.10 AMPLIFIER TEST SET

A second amplifier test position, using RF aging and
life power supplies, was set ﬁp during this period so that
further cavity optimization could be accomplished without
interfering with othei' mplifiér ‘besting.. Changes in tﬁe
cavity on one set have ipcrease@ the power of a tube from
34 to 38‘watt_s'. Additional tubes will have to be tested

. in order to determine whether this "improvement oécurs on
V ‘all tubes. | ' .
3.11° RF STABILIZING AND LIFE TEST )

As stated in Section 3.0, an AC stabilizing rack vas
built this month. This rack is very similar to the one.
Apositionﬂ ré.ck previously discussed, however, it has a vei'y

‘ slow 1ncrea§e of voltage over a period of hours to the maxi- |
mum condition. This is designed to allow the getfér to getter

- gas as :I.t. is released vﬁ:lle th;e AC voltage is increased slow-
Iy to :Lfs maximum values. This should overcome the previous
method vhich released gas in bursts, particulariy near maxi-
mm tube ratings. It is expected that & much shorter RF ag-
ing will be necessary using the system of AC aging.

Oscillator cavities are still being vorke;d on for RF
stabilizing and 1life test. A circular mode output cavity
is being built similar to the amplifier cavity. Due to the

very narrow tuning range of this cavity, a parallel program



is being carried on for the development of a wave guide
cavity oscillator. These cavities should both be avail-

able for trial during the next quarter.

MISCELLANEOUS

- Parts made on original die approval were entirely satis-
factory. However, some parts supplied since then on the same
die§ have been unsatisfactory in oné or hore dimensions., ﬁe
are working with the paft supplier to allqviéte these diffi-

culties and sorting parts 100% in order to continue tube ’

" assembly.

Vibration of aséembly faéilities due to floor vibration
has made it difficult to perform certain critical operations,

corrective action is beihg taken.

-10-
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k.0 CONCLUSIONS

The first ten tubes were shipped on the revised delivery date of 25
February 1963. Near the end of this period of production,.several problems
vere encountered in the making of tube parts, assembly, sublimation and
power output. Corrective action is in process in all of these areas with
some progress already shown.

The next thirty tubes should incorporate most of the contractural
changes in tube structure. Aside from the above problems, the primary
area of difficulty is power output. Additional tubes will need to be

tested to verifi the power out improvement from 34 to 38 watts previously

) notedo

-15-




5.0 PROGRAM FOR THE NEXT INTERVAL

The next quarte; will be spent in building up the tube production rate
and making the changes as spelled out in the contract. The second exhaust
set should be in operation along with all aging‘positions. All tests will
be run including some life test;ng.

The 30 engineering samples will be built during the next gquarter, and

" data taken on these tubes may be used for tentative specification limits.

=16-



6.0 PUBLICATIONS, REPORTS AND CONFERENCES

6.1 PUBLICATIONS
6.2 REPORTS

6.3 CONFERENCES

None

Quarterly Report No. 2

PEM for the 2-5267, 4O Watt, 3000 M¢ Tetrode
by V. W, Amoth for the period from

1 September 1962 through 30 November 1962

__Monthly Report No. 6

FPEM for the 2-5267, 40 Watt, 3000 Mc Tetrode
by V. W. Amoth for the period from

1 November 1952 through 30 November 1962
Monthly Report No. 7

PEM for the 2-5267, 40 Watt, 3000 Mc Tetrode
by V. W. Amoth for the period from

1 December 1962 through 31 December 1962
Monthly Report No. 8

PEM for the Z-5267, 4O Watt, 3000 Mc Tetrode
by V. W. Amoth for the period from

1 January 1963 through 31 January 1963

Organization and personnel present:
USASSA

L. Cobientz
General Electric Company

V. W. Amoth
H. L. Thorson

Place and date:

General Electric Company
Owensboro, Kentucky

16 January 1963
Subject:
Discuss progress on all items of the contract,

and the expected delivery of the first engi-
neering samples.

-17-



7.0 PERSONNEL

Engineering personnel qualifications not previously included in previ-
ous reports are described on the following peges. Time spent on the program

during this report period was as follows:

V. W. Amoth 300 hours
T. Bogucki 476 hours
8. C. Crawford 11 hours
W. H. Grant . 128 hours
C. T. Jackson 164 hours
L. F. Jeffrey 132 hours
L. K. LaDue 483 hours
W. .V. Shipley 488 hours
J. W. Stuart 82 hours
Submitted by:
JUT it
V. W. Amoth

Planar Tube Product Design
Receiving Tube Department

Approved by:

&L

H. L. Thorson, Manager
Planar Tube Product Design
Receiving Tube Department

-18-



MR, S, C. CRAWFORD - CHEMICAL ENGIKEER - ADVANCED DEVELOFPMENT

Mr. Crawford was born in Johnson City, Tennessee, and received a B.S.
in Chemistry from East 'J.'enneséee State Cgllege in 1955. After one' year of
graduate work in Chemistry at Florida Stﬁte University, he joined the General
Electric Company's Chemical and Metallurgical Training Program in 1956. In
1957, he Joined the Advanced Development Engineering Subsgction of General
Electric's Receiving Tube Department at Owensboro, Kentucky.

His assigned projects have included electrophoretic coatings, mica
substitutes, anodizing, electroplating, perts cleaning, and insulating
coatings for electronic tubes. He is a member ,' senior grade, of the Ameri-
can Chemical Soclety.
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MR, IAWRENCE F, JEFFREY - SENIOR ENGINEER - ENGINEERING TEST LABORATORY

Mr. Jeffrey graduated from Wentworth Institute in 193L after completing
the course in Electrical Construction. Following graduation he was employed
by the New York Power and Light Corporation as power plant engineer special-
izing in control .and instrumentation, and system operation.

In 1941-42 he took a course in Radio Engineering at Rennselaer Polytechnic
Institute.

In 1942 he joined the Tube Department of the General Electric Company as
a laboratory assistant in equipment design and construction. The following
year he was advanced to assistant supervisor of tﬂe laboratory in charge of
tube test equipment design and construction. In 1952 he was appointed super-
visor of the Engineering Test Laboratory of the Power Tube Deparfment with
responsibility for the operation of an organization to provide the equipmeﬁt
and services needed by the Engineering Section. Included in this was the
a&ministration of the laboratory's personnel, budget and safety programs.

. His next assignment was supervisor of Tube Circuitry Engineering for the
Pover Tube Department in which capacity he directed a program of circuit de-
velopnent- for tnbe evaluation and application covering a broad segment of the
electron tube field with particular emphasis in the microwave portion of the
spectrum.

His latest assignment from 1958 to date has been a.s' Tube Circuitry En-
gineer, Planar Tube Design Engineering, where he was cloéely associated with
tube design, evaluation and application problems, and with Signal Corps con-

tract work, particularly in the area of long life, reliable tubes for satellite

«20-



UPR R S

]

| — Amence B

application.

He completed several GE sponsored courses in supervision and manage-

ment and one term served as instructor in the "Better Busihess Management

Course”.

He has contributed numerous technical articles, particularly to amateur
radio publications.

In September 1962 he joined the Engineering Test Laboral.tory , Where he

designs and developes advanced cavities and circuits for tubes.
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