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A Standard Diode for Electron-Tube Oxide-Coated
Cathode-Core-Material Approval Tests”

ROBERT L. McCORMACKY, SENIOR MEMBER, IRE

Summary—A diode has been designed and used for testing vari-
ous samples of cathode material in several plants and laboratories
during recent years. Several criteria have been used for evaluating
the emissive power of the various materials tested. To simulate the
usual space-charge-limited emission test commonly used on receiv-
ing tubes, a cathode-temperature versus emission characteristic
has been taken on each test lot. Temperature-limited emission has
been examined under both low-field, low-temperature conditions and
normal-temperature, high-field conditions. Results indicate that this
method has several important advantages over the present approved
method.

I. INTRODUCTION

YHE ROLE played by the core material in the
?J_[ emission of electrons from oxide-coated nickel
base cathodes has been the subject of considerable
conjecture and controversy almost since the discovery of
the oxide-coated cathode. V'arious hypotheses have been
proposed from time to time to account for the apparent
superiority of one core material over another. These
hypotheses were not always in complete agreement, and
attempts to resolve their differences frequently led to
inconclusive results. The main difficulty seems to be in
the complexity of the emission phenomena. Emission
from oxide-coated cathodes is subject to time changes
and fatigue effects, and to a very pronounced degree is
dependent upon the composition, method of application,
and processing of the materials used in the tube assem-
bly. So far, it has been very difficult to isolate the single
variable of core material for comprehensive studies.
Despite the fact that the mechanism of emission is
not clearly understood, tube manufacturers have been
producing, for many years, good oxide-coated-cathode
tubes at relatively low cost. However, the possibility
that a low-emission epidemic may suddenly shut down
his production lines has caused every tube manufacturer
to spend considerable time and money trying to im-
munize his product from all known carriers of this dis-
ease. Since the source of emission is the cathode, the
material from which it is made obviously is one of the
first places tolook for trouble. For this reason, it has been
standard practice for many years in radio-tube plants to
check the performance of each new melt of nickel cath-
ode material on one or more production tube types be-
fore accepting it for production use.

* Decimal classification: R262.9. Original manuscript received by
the Institute, March 10, 1948; revised manuscript received, Decem-
ber 28, 1948. Presented, 1948 IRE National Convention, March 24,
1948, New York, N. Y. This paper is a report on the work of the
Diode Committee, Section A, Committee B4, Subcommittee VIII,
of the American Society for Testing Materials, of which the author
is chairman,

t Raytheon Manufacturing Company, Newton, Mass.

In the past, the type of tube chosen for such tests, the
conditions under which the test was made, the accept-
ance criteria, and the interpretation of test results has
varied widely from company to company, and even from
division to division of the same company. Since it was
obviously impossible for a company to test each new
melt of nickel on all production tube types under all
conceivable operating conditions, most manufacturers
tested two or three tube types as representative of vari-
ous classes of tube service, such as rectifiers, oscillators,
and power-output types. Sample quantities of each new
cathode-nickel melt in a tubing size to fit these types
would be ordered with the fervent hope that the type
chosen would be in production when the samples ar-
rived. In the happy but infrequent event that all test
results, both initial and life-test performance on the
various types run for approval, indicated that the new
melt was inferior to, equal to, or superior to the com-
parison melt, the course of action presented no problem.
In the more usual case, when test results disagreed, it
was sometimes necessary to resort to occult practices to
effect a decision. It is not particularly surprising, there-
fore, that new melts of core material accepted by one
company or division would be rejected by another.

Nickel for seamless-cathode electron-tube use is pro-
duced in melts of about 10,000 pounds. Prior to World
War 11, usage of cathode nickel in the electron-tube in-
dustry was such that it was possible for a cathode sup-
plier to hold a melt of this size for the period of approxi-
mately three months required to obtain melt approval
from the various tube manufacturers. However, this
situation was at best only tolerable, as it involved some
financial risk on the part of the cathode supplier. If all
companies should reject the melt, its value depreciated
to that of Commercial Grade A material, this loss being
sustained by the cathode supplier, who would then
channel this material into less critical usage. If some
companies accepted and some rejected the melt (the
normal situation), the cathode supplier would purchase
another melt to submit to the companies rejecting the
first melt, and so on until all companies were satisfied.
This method required considerable juggling of melts on
the part of the vendor, who assumed the risk of supply-
ing the proper-size cathode cylinder of the approved
melt to each customer.

By 1944, the usage of seamless cathode material had
reached a new high, and, in addition, new applications
for tubing, particularly in the aircraft industries, placed
an added drain on the cathode vendor and the raw ma-
terial supplier. It became increasingly difficult to supply
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each radio tube manufacturer with the particular nickel
melt which met his melt approval requirements.

In January, 1945, a meeting was called by one of the
cathode base material vendors to discuss this problem.
Representatives of all cathode-tubing vendors and users
were invited. It was the consensus of this group that the
problem could best be studied through the medium of
four committees, whose membership would be drawn
from the various companies represented at this meeting.
One committee was to propose referce methods for the
chemical analysis and sampling of nickel melts. A sec-
ond committee was to outline metallurgical test meth-
ods and a program for metallurgical development. A
third committee was to prepare a specification for a
standardized diode test to serve as a starting point for
a laboratory test method. The fourth and last commit-
tee was to propose methods for presenting data on the
multitube production test method of melt approval.
These four committees were organized and later in-
corporated as Section A, Committee B4, Subcommittee
VIII of the American Society for Testing Materials.
This paper is a report on the work of the Diode Commit-
tee.

IT. THE STANDARD-DIODE APPROVAL-
TEsT METHOD

The primary purpose of the diode structure, as con-
ceived by the committee members, was to provide a
standard tool for the investigation of the various cath-
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Fig. 1—Structure of the standard diode designed by
the Diode Committee.
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ode-material melts supplied for production use. It was
felt that by providing a single structure which could be
run conveniently in every tube plant, many of the vari-
ables introduced by the previously mentioned multitube
tests could be climinated. A secondary purpose of the
diode was to investigate the cffect of variations in the
additives in the nickel melt and variations in processing
and testing mcthods. In deference to the primary pur-
pose of the diode, that of melt approval, it was agreed
that the structure should consist of standard recciving-
tube parts, so that standard receiving-tube equipment
and techniques could be employed in processing them,
thus insuring that a melt accepted for production usc on
the basis of diodc tests would have been tested under
conditions prevalent in the factory in which the melt
would be uscd. It was realized that a structure utilizing
receiving-tube parts and techniques might limit the ef-
fectiveness of the diode as a sensitive instrument for the
investigation of melt additives and process variations.

The structure designed by the Diode Committee is
shown in Fig. 1. Table I lists the important tube dimen-
sions. The heater is designed for 6.3-volt, 300-ma opera-
tion. Under these conditions, the cathode operating
temperature is approximately 1050°I<. The anode was
designed with an oval barrel to permit the use of a grid,
should the occasion arise.

TABLE 1
STANDARD D10DE—CoNSTRUCTION DETAILS

Anode
Material
Dimensions

0.005 inch Grade A Nickel

Iuside diameter oval cross section: 0.132
X0.185 inches

Barrel length: 0.75 inches

Cathode Cylinder
Material

. ! Electronic Grade A seamless nickel tubing
Dimensions

Outside diameter: 0.045 inch
Length: 1.06 inches

ASTM  barium-strontium
tated carbonates

Coated length: 0.475 inch (centrally located on
cylinder)

Coating weight: 3.40 £0.4 milligrams

Cathode Coating

Material double-coprecipi-

Dimensions

Stem
Material Lead glass (G12)
Celter Nickel-dumet-copper welds
Material Barium-cored iron wire
Heater
Material

Cleaned and straightened tungsten wire

Wire weight: 12.0 milligrams + 1} per cent
per 200 mm

Wire cut length: 7.05+0.01 inch

Dimensions

Form ) Six-leg folded
InsulationCoating  Alundum

Bulb Lime glass; T9

Ifasv Standard octal

Spacers Mica 0.011 £0.001 inch thick

The diode melt-testing method has several advan-
tages over the multitube test method. It js a simple
structure, easily produced on cquipment available in all
tube plants. Standard parts have been made available
to all companies interested in djode testing, so that, re-

gardless of where the tube s produced, uniformity of
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parts is assured. It is necessary for the cathode-material
vendor to produce only one size of cathode cylinder for
melt-approval use if all testing is done on the diode. A
comparison melt has been set aside for diodes which
provides a uniform standard of comparison. Standardi-
zation of design, processing techniques, test methods
and controls are possible, and changes found to improve
the accuracy or reliability of the test method by one
laboratory can be applied readily in other laboratories.

The general procedure used in conducting melt-ap-
proval tests on the diode is as follows: Test lots, as a
rule, are run in groups consisting of at least ten “con-
trol” diodes employing the standard control-melt cath-
odes (Melt 66), and at least ten each of diodes employ-
ing cathodes of the melt or melts under test. All parts
other than cathodes are obtained from a common inven-
tory. Identical parts-processing and tube-processing
schedules are used on all lots within the group. In gen-
eral, these processes are standardized for a particular
plant; i.e., all diode-test lots in one plant are processed
under the same schedules. Some of these processes have
been proposed as industry-wide diode standards by the
Chemical Committee; e.g., parts cleaning, cathode-
coating preparation, and certain testing schedules.
Each plant has been allowed to set its own exhaust and
aging schedules, because the approval of melts on the
basis of diode tests implies the acceptance of the melt
for production use, and the tube manufacturer is most
interested in knowing how the melt will perform under
his particular plant conditions.

I11. TESTING OF THE STANDARD DIODE

To evaluate the emissive power of a cathode, it was
assumed by the Diode Committee that some method of
observing its total emission current (not limited by
space charge) was necessary. If one attempts to test the
diode structure, or any receiving-tube structure, for to-
tal or temperature-limited emission current, at its nor-
mal cathode temperature under static conditions, the
rated wattage dissipation of the anode is usually ex-
ceeded long before temperature-limited current is drawn.
Anode overheating usually results in gas evolution and
subsequent cathode poisoning.

To avoid this difficulty, tubes may be tested for total
emission by reducing the cathode temperature so that
the temperature-limited current drawn does not exceed
the rated anode dissipation. With this in mind, the
Diode Committee fixed the anode potential for emission
test at 40 volts, which, at normal cathode temperature,
would give a space-charge-limited emission current in
the neighborhood of 50 ma in the diode structure. This
corresponds to a current density of about 120 ma per
square centimeter, which is somewhat higher than is
required by conventional emission tests on receiving-
tube types. The full cathode-temperature versus emis-
sion-current curve at this fixed 40-volt anode potential
was then taken on each tube under test and the position
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of the “knee” of the curve (that is, the transition point
between temperature-limited emission and space-charge-
limited emission) was taken as a measure of the relative
emission capabilities of the cathode. Fig. 2 shows this
curve on a normal tube and on a tube deficient in emis-
sive power. It will be noted that, at rated cathode tem-
perature, both tubes have the same space-charge-limited
emission, but that on tube B the temperature-limited
emission is somewhat lower than on tube A.

ANODE VOLTAGE » 40 VOLTS

T T T T T T 1

40} - — - — ‘ # —
| | T

| ]
T —
Wl ) [ HEATER VOLTAGE —VOLTS L l

33 40 43 30 55 60 6% 70

Fig. 2—Emission-current versus heater-voltage characteristic, Ameri-
can Society for Tetsing materials standard diode.

It was this sort of data that the Diode Committee set
out to obtain on each new melt of cathode nickel sub-
mitted for test. Practically all conclusions reached to
date in this program are based on cathode performance
under this type of test. However, it was found that this
cathode-temperature versus emission test has atleast
one serious limitation; the emission currents observed
under these conditions at very low cathode temperatures
were apt to be unstable. This may be due to the rcla-
tively high anode potential used on the test. It is well
known that certain oxides and chlorides, which are on
the surface of the anode as a result of the cleaning and
processing of the tube parts and structure, tend to break
down when the anode voltage exceeds about 4.5 volts.
Oxygen or chlorine are released, and may poison the
cathode surface. This effect should be particularly no-
ticcable at low cathode temperatures, where the rate
of barium production within the cathode is low. If the
rate of poisoning excceds the rate of barium production,
slumping emission will result.

To avoid this difficulty, data have recently been taken
under low field conditions, with an anode potential of
4.0 volts, which should be safely helow the breakdown



086

voltage of the oxides and chlorides likely to be found on
the anode surface. To obtain temperature-limited emis-
sion at this low anode voltage on the diode, it was neces-
sary to lower the heater input voltage to 1.75 volts,
which corresponds to a cathode temperature of about
640°IK. IZmission currents obtained under these condi-
tions are relatively stable.

During the late war, there was considerable interest
in the pulse-cmission properties of cathodes, and, since
many receiving tube types were being used in pulsed
applications, the Diode Committee thought it desirable
to examine new cathode melts for their pulsed-emission
propertics. Peak emissions as of high as 100 amperes per
square centimeter were reported on nickel-base cathodes
by obscrvers at the MIT Radiation Laboratory,! the
Bartol Foundation,? and clsewhere. The pulsed-emission
testing techniques developed by these laboratories were
borrowed and utilized for diode pulse testing by one of
the companies involved in the diode program. The pulse
technique has one significant advantage over the two
static emission tests mentioned previously, in that it
permits examination of temperature-limited emission at
rated cathode temperatures without exceeding the rated
anode dissipation of the diode.

Life Tests

The electron-tube manufacturer is interested not only
in the initial performance of a cathode melt, but also in
the performance against time under operating condi-
tions. The Diode Committee has incorporated a life test
as part of the melt approval procedure. The conditions
of this test have been modified as data were accumu-
lated under various drain conditions. The present lifc
test schedule consists of a minimum of 500 hours opera-
tion at rated heater voltage (Ef=6.3 volts) and a drain
of approximately 100 ma per square centimeter.

IV. DiopeE-TEST RESULTS

From the time of its inception, the Diode Committee
has been conducting diode tests of three general classes:

1. Tests directed toward improving the structure and
standardizing processing and testing procedures

2. Melt-approval tests on commercial cathode nickel

3. Tests dirccted toward examining the cffects of
variations in chemical composition of the cathode
nickel.

Tests in the first class have been and are being con-
ducted in considerable volume. Results from this class
of tests are the basis for the formulation of diode struc-
ture and process specifications.

Melt-approval tests are represented in the summary in
Table II, by the compilation of test results on commer-
cial melts 70 through 76.

1E. A. Coomes, “Pulsed propertics of oxide cathodes,” Jour.
Appl. Phys., vol. 17, pp. 647-654; August, 1946.

* M. A. Pomerantz, “Magnetron cathodes,” Proc. I.R.E., vol. 314,
pp. 903-910; November, 1946.
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Melt-composition tests have been conducted on about
fifty different nickel-base materials. Test results on only
a few of these lots are shown in Table 11, for comparison
with the 220-alloy commercial melts. The test results
reported here represent only a very small portion of the
total diode tests run during the three-year period of di-
ode investigation, bhut scrve to illustrate the effective-
ness of this structure in differentiating between the
emission capabilitics of cathodes as a function of core
material. The data reported are based solely on the in-
formation obtained from the 40-volt static characteristic
curves (see Section ). Low-field-emission test, pulsed-
emission test, and life-test results are not included in
this report, because these data are still incomplete.
Since it is difficult to characterize the 40-volt static
characteristic test data by a complete heater-voltage
versus emission-current curve, a “figure of merit” rating
based on the difference in slope of these curves in the
region between heater 4.5 and 6.5 volts has been suby-
stituted. This “figure of merit” was determined in the
following manner:

1ML :[/\‘ [ W /\l.,] _[/if.,,: /“5]
', cortr | 2 ot

where

I35 =cmission current with 6.5 volts applicd to heater

Isy s=cmission current with 4.5 volts applied to heater.
Thus, for example, a “figure of merit” of —0.5 for melt
70 (Company “2%) indicates that the slope of the /5f
versus I, curve for the average of the ten tubes made
with melt 70 cathode material was 0.5 ma/volt steeper
in the region between 4.5 and 6.5 volts heater voltage
than its control lot (melt 66).

V% Discevssion oF Diobr TEST RESULTS

The seven melts, 70 through 76, whose “figure¢ of
merit” ratings are given in Table 1, are 220-alloy seam-
less tubing material submitted to the radio tube indus-

FABLE 1

‘SU\l\l.\kY UF‘I.\'lTl vt Trst Resvr s ox Diobe TiESTS oF
COMMFRCIAL CATHODE Mati RIAL MELIS SFAMI 1ss TubING

“ . o
NORMAL™ 2200 Al LOY MATERIAL FIGURE-OF-MERIT RATING

Melt

Com-

Com- ¢ om- Com-  Com- Com-
Num- pany prany any any E g Teat
bt ay ")e l'_“ Y l'.‘;'.) “.‘sn.y l’;'(:'.) Descuiption
Z(; '—(l).s ‘—l.l -0.3 10,7
7 1K =1 0-19 —14 0 Initial sample
71( ‘o -0 2 Initial sample
. cleaned
IR H0 s —-0.1 +0.1 -0 3 +0.5 Sccond(mmple.
2 -04 -0 4 -0 2 -0.1 —-0.4 iy 3
I -0k -0 —0.2 -0.1  —0.2
74 -05 -0.3 —0.4 -0.1 +0.5
IS -05  —nl2 -0.5 0 —0.1
6 —0.2 0 40,4 1t —0l3
Leckhseam T ubing ' -
W - Y%.6 —-17.5 -—159 “Passive” material,
K —10.0 —11.4 —15.4 -pﬁ‘::‘ﬁ"”&.mnu.
! _ _ 707 alloy
X 0.2 4+ 0.1 1.3 Acu\e" material,
. — - 599 alloy
1 ).4 0 1.3 *Active® material,
766 alloy
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try for approval testing. Most of the data obtained by
the Diode Committee so far has been on this alloy, al-
though approval tests have also been conducted on
sther alloys in lockseam tubing. For comparative pur-
noses, “figures of merit” are shown in Table II for the
three grades of cathode tubing commonly employed by
the receiving-tube industry. These three grades are
termed “normal,” “active,” and “passive” alloy base
materials by the ASTM.3 This classification refers to the
relative barium-producing potential of the alloy, as de-
termined by the percentage of reducing agent present in
the melt. “Active” alloys contain a relatively high per-
centage of reducing agents, such as silicon and mag-
nesium; “passive” alloys contain relatively low percent-
ages of reducing agents; and “normal” alloys contain a
moderate amount of reducing agents. Typical chemical
analyses of these three grades of material are listed in
Table III.

TABLE 111

TypicaL CHEMICAL COMPOSITIONS OF “NORMAL,” “ACTIVE” AND
“PassIVE” CATHODE BAse MATERIALSt

“Normal”

“Active” “Passive”

Carbon 0.159%* 0.129,* 0.109%,*
Copper 0.20 0.04 0.04
Iron 0.20 0.05-0.01 0.05
Magnesium 0.01-0.1 0.0 -0.15 0
Manganese 0.20 0.10 0.02
Sulphur 0.008 0.005 0.005
Silicon 0.01-0.05 0.15-0.25 0.01

99.0 min. Balance Balance

Nickel and Cobalt

t All figures are percentages by weights. Compositions are maxima unless a range
is indicated.

* Carbon content is generally lower as wall thickness is reduced through succes-
sive annealings. At 0.0022 inch wall, carbon is 0.02 per cent nominal, while at
0.00S inch wall, carbon may exceed 0.05 per cent nominal.

_ Certain minor constituents may be found in varying amounts according to melt-
ing practice for the alloys. Such elements may be aluminum, titanium, boron, etc.

The differences observed in “figure-of-merit” ratings
for melts 70 through 76 as reported by the six companies
reporting diode-test results were considered by the diode
committee to be random variations within the sensitiv-
ity of the test method, with one exception, the initial
sample of melt 71. It was felt that some significance
could be attached to the fact that three of the four com-
panies reporting diode results on this melt found it
somewhat inferior to the control melt 66. Company “3”
repcated the test on their initial sample, and again found
it poor. Investigation showed that the three companies
reporting poor results on the initial sample had obtained
their melt-approval samples from one run of cathode
tubing, while the company reporting good results, Com-
pany “5,” on the initial sample had obtained its melt-
approval sample from a later drawing of the material.
Surface contamination of the initial sample was immedi-
ately suspected. Companies “2” and “3” therefore tried
surface cleaning of their initial sample. The results of

. A specification covering Radio Tube Core Material classifica-
tions is now being prepared by Section A, Committce B4, Subcom-
mittee 8, ASTM.

McCormack: A Standard Diode for Electron-Tube A pproval Tests

687

these tests, indicated as melt 71C on Table II, indicated
that this suspicion might be well founded. Company “3”
found a definite improvement in emission performance
from the suspected melt after etching the bare sleeves.
Company “2,” employing a different cleaning proce-
dure, found the performance of this suspected lot of tub-
ing could be brought above that of the control melt by
this means. The original sample processed along with
this test uncleaned, was still very poor.

As a result of these findings, the cathode-tubing sup-
plier prepared a new sample of melt 71, with special care
being taken to avoid all possible contaminants in the
drawing operations. These samples were submitted to
the same companies who had reported on this melt pre-
viously. Results on this second sample are shown in Ta-
ble II as melt 71R. All companies testing this sample
found it better in emission performance than its control
melt 66. To substantiate the conclusion that the initial
sample of melt 71 was bad, two comparative tests were
run later by Company “2” on a production tube type
under normal factory conditions. In both cases, a high
initial shrinkage due to poor emission was obtained on
the initial sample, whereas normal results were obtained
on the comparison melt run at the same time.

Results on a few melts of “active” and “passive” al-
loys are also tabulated on Table II. Melts W and K
show the effect on emission of reduction in silicon and
magnesium content of the base material. The “active”
alloy tests X and M show performance characteristics
very similar to the “normal” alloy tests. It should be
borne in mind however, that these lots represent results
on only single samples of these alloys, and should not be
not be taken as necessarily representative of the average
emission performance characteristics of these materials.

VI. CoNCLUSIONS

An inventory of the results achieved in the three
years of diode testing shows a very favorable balance.
Correlation between test results reported by the various
plants testing cathode-core-material melts has shown
marked improvement with diode testing. The study of
testing niethods has brought about a better understand-
ing of the effects of tube design and processing upon
emission. This has resulted in improved tube-to-tube
and test-to-test uniformity. Work on processing, test-
ing, and materials standards has been started, and in
most cases completed. The effects on emission of various
additives in core materials, and the significance of modi-
fications in core material melting, drawing, and cleaning
methods has been evaluated. In some cases, the cause
of poor activity in a particular test sample has been iso-
lated.

Full understanding of the emission problem still seems
remote. [lowever, because active interest in the problem
has been aroused and crystallized into a joint effort, the
immediate goal, that of a satisfactory melt-approval
test method, now seems attainable.
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