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OBJECTLVHS AND MEFHODS OF CATHODR TESTING FOR NLECTRON EMISSION

by Dr. W. B. Wottingham

-

General

Bagic to the evaluation of nickel alloys that will serve as good base
tals for oxide coated cathodes is their evaluation as

olactron emitters.
‘avorable properties include:

1. high electron emisslon density under specified temperature and
field conditions

uniform smission over the entire electron emitting surface

3. stabllity of emiesion

Although items 1 and 2 above are more or less gelf

needs further elaboration. The stabllity demmnded of e cathode depends to
some extent on the use to which 1% ie to be put. Some applications demand
tubes that are able to operate meany thousands of hours under rather closaly
specified and constant demand conditioms. Stability with respect to 1life
under representative operating conditions is therefors an important attri-
bute of & cathode. Tubes used in electronic computers should alse have a
long 1life and in this case stability may mean that the tube may stand by for
ong periods of time with no drain and then be expected to deliver a stable
ighly reproducible emission within a fraction of & microsecond after the
demand for emission is ealled for.
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In atill other cases, long ‘operating
fe is not required, but long shelf life and high reliabdility at very high
current drain may be nseded.

A test program of the magnitude of the prosent one cannot be expected
to svaluate all of the nickel alloys to be made available with respect to
all of the above attributes. It will therefore be the purpose of o test
program to develop methods for the evaluation of mony of the desirad
properties of a cathode consistent with the present limitations both of
time, test facilities and man power.

Preliminaries to Test

Preliminary to any emission testing, decisions must be made with regard
the vacuum tube structure and ite method of processings. Thers is a back
og of experience related to the design of diodes and their use as a medium
for emission testing. Unfortunately, this experience has not led to a
structure capable of giving completely reliable information comcerning the
= emigeion properties of the cathcdes used in it. Arguments can be given
support the opinion that some of the faults associated with emission
enting in diodee can be minimized to some extent by the use of a specially
lenigned triocds structure. With this point in mind, the remarke that follow




QQVﬂjlw well to the conventi
ropoged would be used to serve the function of a test diode and would
ha operpued excapt for special tests in the conventional manmner of prac-
triodes.

The tube should be capable of adaption %o mass production although the
special charactor of some of the tests will demand the introduction of such
unugual eloments as b}nbmﬁccﬁﬂlﬂq for temperature measuremsndt, special elec-
trodes for rosistance measuremenits and othar. features as gart of the struc-
ture.

The exact method of urw 1ation and processing plays a very important
in the initial establishment of “ﬁusﬂlﬂu ecapabilities of all cathodes.
neral a specific evacusad! - }-“i”ﬂ have to be adopted and
wned %0 practically all of ol alloys. It is %0 De expected thas
a particular nickel alloy seemp ¢ ive t0 the standard production
ledula, then modifications of introduced in order to bWLﬂg ous ,
511 as posslble, the besi features of each of the ali@v under investl-
atu,“,;oﬂ V’Li be given to the relative merits of 11 k 1 alloys
(b “gou ?MﬁﬁhrCﬂ, such a8 eas £ activation,
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this relatio ¥ is kmown as the 7"ﬁ1’*}3q T
equation 53]

Richardson Thormionle Constan b the thecretie
- 2
120 amp/en T

ichardson work-function in slectro:
E°

Temparature

: 7 P :
lilectron charge 1.6 x 10 7 coulomb

-3
Boltgmann®s constont 1.38 x 10 i joula per degres
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in practicelly all applications of the Richardson form of the thermionic
oquation the electron emission is by no meansg uniformly distributed over the
superficial geomstrical area of the cathods. The electron reflection effact
reduces the total emission and its temperature variation influsnces the
apvarent value of the vork-function. These facts are generally omitted from
consideraticn. Finally, the Richardson work-function ﬁR cannot be identi-
fisd as the "true™ work-function without & lmowledge of its temperature
coefficient. Furthermore, the empirical value of this work-function as
applied to an oxide cathode can at best be some soprt of complex average for
the surface as a whole. With these criticisms in mind, it ie surely evident
that in all practical cases the applieation of Bq., (1) for the expreossion of
emigsion data is of very doubtful value wvhen one considers the inconvenience
of using this formala in comparison with the simplified expression given
in Bq. (2).

= i
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1

Thermionic constant (empirieal)

Hork-factor (empirical constant)

iguation (2) serves as an empirieal form by which observed data repre-
» the variation in thermionie emisgion with temperature can he
= 'ith the came degree of acouracy ss %g. (1).

stents are known for the Richard-on form of

is & very eimople matier %o compute the constants for the

L Bq, (2) by the relations given in the equations to follow. It
is 2ls0 evident that the reverse is equally true, that is, if the constants
of B {2) are Imown, those of Bg. (1) ean be computed with the same set of

+

relations. Thege relations are ag follows:

m
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2
a = 10 ﬁﬁ B s

T. + T
E
$ = ﬁg 11,600
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lowast temperature of range (600°K for oxide cathodes)
highest temperature of range {1300°K)
Intermediate temperature (775°K)
v 6.0 x 106 (Typical value)
0.2 (Typical value)
1.2 x 106 amp/cm2 (Typleal valus)
Tl + Tz

11,600 0.164 ev (Typical value)

Yot only does the electron emlgsion from an oxide cathode depend on the
temperature, but it also depends on the applied woltage differsnce betwesn
the cathode and the ancde. More sxactly it depends on the electric field
near the cathode surface. As® an electron leaves a conducting surface, it
is attvacted to the surface by the charge which the slectron iteelf induces
in the surface. This is called the "mirror image force." There are alse
forces that act on the electron known as "patch-field forces" due to the
non~uniformity of the surface with respect to ssall patches differing in
their true work-functicn. DBeecause of these two effects the electron emission
even when not limited by space charge depends on the applied voltage. TFor a
given applied voltage or more specifically & constant field at the cathods
surface, the current rises mcecording to Bg. (2) until there are sufficient
electrons in transit between the cathode and the anode %o be practically
equal tc the surface charge maintained on the ancda. Az this condition
approaches the surface field at the cathode, it falls from 1ts initiel high
value to zero, even thouph the anode volizge remains constant. At still
higher temperstures, the number of electirone in the epace between the
cathode and the anode becomes so great that a potential minimum develops
between the electroden. The slectron current then becomes very nearly
independent of the temperature and is ziven with reasonsble accuracy by the
Langmilr-Childs space-charge equation. For completeness of this discussion,
Eq. (6) is written as a formila applicable to a diode structure havine
concentric cylinders with a ratio of diameters of 4 or less.

v+ and/? 3/2
e (1= 141 )
| J‘
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= Langmiy Childse Constant which is

”
sy

/2
fm;:J/ (volt G}j’

- . 11
Electron charze to mass ratio = 76 = 10 conlon b,fl;g

applied ancde volts

space charge potential minimum in veolts and given by
\ 7

A " Ty A 'y
vhers ¥ is the work-factor of Eq. {?} and £4T is the tempera-
%ture increment above the eritical temperature T, at which
space charge Just reduces the field at the cathode to zero

effective spacing squared of the diode and is given in terme
of the radli as follows: (r% = anode radine) (ro = cathode
radiusg)

T \ .’),EJ

L|‘|

1‘3 J

Equation (6) shows that as the temperature increases, the current will
increase very slightly because of the change in AV and because of the way
in which the temverature enters explicitly in the last factor of the aqua-
tion.

General Considerations Helative to Cathods Fvalustion

Emission tecting is difficult because there are so many properties of
the cathode concerning which it is desirable to obtain information. Oreat
care must be exercised in the procedure because the measurement of one
property often alters in a signifiecnnt manner the values associated with
other propertiss which are themselves of comparable importance. It is
therefore desirable to minimize the number of readings necessary to acquire
the most needed information. A procedure that has been proposed is given
as follown:
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Proposed Emigsion Tests

1.1 Condition tube for 5 minutes with the eathode at a2 temperature

of 835 + 15°C with no electron current drain.

Take a static emission reading (Ig) with 40V as By on the
processed diode in the space-charge reglon. With the present
diode the theoretical value of the space gharge limited emias-
gion current is of the order of 120 ma/em®. There is about
0.5 aq. cm. of coabtinzg so that the ideal diode should read
approximately 60 ma. at 6.3V Ef, 40V Ey

Take a static emission reading (iz) at Tz {450 + 20°C) and
40.07 Ey. An automatic timer provides & 3-second reading
after the anode voltage is applied. Cathode temperature under
these conditiong is accumtely read and recorded.

Take a low temperature emission reading (i3} at 360 + 20°C
cathode temperature (T;) with an anode voltage of 40,0V D.C.
This reading is a static emission reading whiech will later be
used with the }S reading of par. 1l.5.

Take a low~field emission reading fg ) at the eame temperature
(?;) as used in par. 1.4, but with an anode voltage of 5.0V D.C.

Heat tubes for at least 5 minutes @ 835 % 15°C with no electron
current drain.

The exact temperature (T,) at which this reading is taken will
be determined from the data obtained in par. 1.4 and par. 1.3.
At this temperature note the current afier 3 seconds and after
60 seconds, i.e. i3 (3 seconds) and iq (60 seconds).

Record the slumping in milliamperes which occcurs at the tempera-
ture TB (par. 1.7) from 3 seconds to 60 seconds of time.

Application of Readings to FProblem

2.1 Refer the data obtained from par. 1.4 and par. 1.3 to the graphs

2.3

{Graphe #1, Sheet 1, 2, 3, 4 and Graph #2, Sheet 1, 2, 3, pages
7 through 13) for Ty - i3 and Tp - 15 of emission current ve.
cathode temperature and cbtaln *ha work-factor for each condition,
i.e. ¢1 and @20 Determine the average of these two figurea, i.e.

From the average work-factor value obtained in par. 2.1 read off
from Graph #3 the temperaturs, T, which is the cathode tempera-
ture at which the reading in par. 1.7 is to be taken.

I

Toelke the emission reading (i,) at a temmerature T3 as per par. 2.2,

which is the reading indicated in par. 1.7.
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isglon current which ie the highest temperature-11
) T 4

ra P 3 r -
‘*..?";,;;Gg,jj,_r__’) for the ideal dlode tube k:

Thm actual 1, (3 second) current emission vniue read on the diode
undsx test a% TU and 4OV, par s ad b 3 1ideal value
will glve a comparison htu| tube under test and the ideal

tube, and may be expres

}'F} 1. 11 2
fmmﬂ%wjﬂwmﬁdhﬁazc
i:e

i

relationship will tell uns about field

fforence in
ﬁtac A time intﬂrvtsq %y the emipsion valus {3 seconds)
ina the percent of slump that hasg oceurred, i.e.,

secu} - 4. (60 gac.)

Discussion of the Proposed Emission Tests

In the following discussion reference will be made spe “*icaWIy to the
various tests and the caleulations by referring to the paragraph numbers
involved. For easy reference these paragraph numbers i ?r duce sach of the

discussion raragraphie below.

1.1 Iiﬁ» :,;dﬁ on

St

After a tube hag been on life test, it muet be transferred to

the enmisgion test It 18 very often truo that considerable
tims may occur between the termination of a 1ifs testing period
and the emigsion test itself; that is, times of the order of a
few minutes or even a few houra. The proposed warm-up without
the application of voltage seems to be the least objectionable
way of preparing for emission tests.

The results of a sat of experiments to be described here aras
cffered in support of this procedure for the stabilization of a
cathode 1n anticipation of messurements. Four tubes were taken
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a tudbs constructed normally will give 60 ma, Annlysis shows that
faulty construction such as misaligpnment of parts generally results
in emiseion values higher than normal. Thus 1f the emission
measured under these conditions exceeds about 65 ma, the tube
should be examined for possible structural irregularity. Emission
currents less than approximately 535 ma indieate a very faulty
coating condition, or else a very non-uniform distribution of tem~
rerature over the cathode. Agrin tubes that yleld at this test
emission currents ocutside of the limite of 60 + 5 ma should be
given special attention to try to discover the specific reason for
such an unexpected variation.

Discussion

Under the teat conditions specified at the temperature
the electron emiassion should not be influenced seriously by ep
charge. On the basis of the observed readins and the known &
ture, it is possible to read dirsctly from the charts or the
a value ¢f the work-factor 52 which would give that reading
normal cathode having an emission sonstant "a® = 1.2 ¢ 100
value). Although from tha theoreticnl nt of view 1t would
instructive to know the moat apprcpriate wval of the thermion

- PN S & n.w ] P s mae 4 v 2 o T And sarnd & & my X =
congtant “a the work reqnired to make such & determination is
- ” 4= 1 14 .3 Y o nan e la o grade 1 » iy i P 4 -
mora than 1s worth for thess marticu te i. The work-factor

s oy

£

value thet ome obtal in this mannsr la a good index of the
propertices o] . +he higher the value o 8 work
the 1 i

low,

thermionic

To be more

c-factor

true

& 3

Becauge of the fact that the draining
gan poesibly alter the propertlies of
iy © anods volie
ragtad here 3 seconds
d out whether or
for good eathodes.

anv o

T 2itey 4 A
LIBCUBB100
AAAA AL

After having taken the reading
observer takes a reading as soon as
temperature Ty.

tion with the obhaervatlon at T2 for the

tho wann
tha wor:
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characterized by an "a" <alue close to the one used, then the two
work-factor walues, mamely, ﬁz and ¢l will differ by less than 10
units in the fourth fipure. It is these differences that are
recorded in the verious tables associated with this report and
headed (f, - #,).

An examination of the basie phyeical principles upon which
these tests are formlated shows thst waluable information can be
obtained from a study of the Colwmn headed (¢, = #1). There are
two pointe of interest which ars ths wvalue of this di“*erenca
between the work-factore and the sign of “of the difference. For good
gtable cathodes that ars quite univorr the value of the difference
should seldom exceed ten and the sisn should be more or lese random.
Examples have been found and are illustrated in these tables
specifically by those in the Ch5 group in which all wvalues but one
exceed 10 units and all values have positive signs. This result
leads to twe explanatione, one of which may apply and perhaps both.
An shnormally low value of the thermionic comstent "a" even though
the cathode might happen to be uniform might yield a result of this
kind. Or else the cathode may be very non-uniform and the "a”

iue might, therefore, be low because of this nep-uniformity. In
aither case the cathode would certainly be classifisd as a poor
cathods. Since this conclusion applies to practieally all of the
tubes in that particular lot, this evidence would indicate that the
nicksl used for the lot in associmtion with the method of processing
gave poor resulis. ehunu?tr the ohnarfe: obtains a larpe negative
value as entered in this column \én ¢=} hs can generally conclude
that the cathods is actually activating duriag the msasuring }TDQ@&%
end readings should be reveated with epsecial sttention +n thi
possibility. Of course, an sbnormally large value of i wouzd

' eang result.

surface uniformity can be shown to yield an abn

in emission with applied elsetric field when t
obser 3ti&ﬁ3 are mads at such low temneratures that space char
not playing an important part. Uhile the cathode 1s ovsrating
the temperature Ty of 360 + 20 C it is sugpested that the emissi
be measured both with 40 voit* pplied and 5 wvoltzs applied, and
the aetlonal change in emiesi on shall be expressead ny noting the
actual change and dividing it by the emligsion observed at the 40 volg
point. This fractiocnal chanze expressad in percent
by the letter f,. It will be noted that fraﬁtqﬂnai
grent as 60 to 70 percent ecan occur.

od wonld iie between 30 and 40 parcoﬂfn

taﬁ% in too meager for conclusions to be drawn Jmth raapamt
that are well supported by statistical analysis, but it is
that it may be helpful in distingulshing bhetw non~uniform ca
and those that heve abnormally low walues of the thermioniec const

] A o
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] to be expected that a certain amount of time Aoil elpp~0
between {k finishing of the measurements Ahﬁnr 1.5 and 1 measurse
ment called for iz 1.7 bdwaq s of the need to detexmi: the two
work~fact ors #, and Q 1d thelr mean walue §. Withe owledge of

a Jmﬁ mLm of 'f‘n; ﬁ;ﬂprme : 'ﬂL"ﬂ':ﬂmmmW

be resd off 3 f
In line with the experience and discussion given here under
most sultable standby condition for the cathodes
f35°C and no drain.

Detailad ana?ra as well
laboratoriss indicstes that non-un
notably below predicted ou*rﬁnt
mde at a temperal
just begins %0 be \
determination of 1 L8 constructed so that if the cathod
that emisqian tly charscteristie of the average work-fac
then pﬂ meas : ) I 75 to B0 percent
tha bnnb that has bheen observed and low
between 30 and 40 percent.

o
et

il
(¢}

1
th
s

or cnhg 3 Second : e a 60-second
The first r aﬁing taken 3 se s after the aj

he anode voltage is used 3 1eﬁ1rtior of tl
fi which is computed accor&inw to the trasu;on in ;
general the emigsion observed at the 1 of 60 seconds wil
measurably lowsr than that observed at 3 seconds because
plump.® Slump is kmown to occur for either one or beth of fbe
following reasons: first, the flow of electron current through the
coating material sets up a resistance drop in potential across the -
coating which causes the redistribution of the impurity centers so
important for the maintenance of high electron emission from the
cathode. The redistribution is eventually counteracted by the non-
uniform concentration that results. Since some cathodes are more
prone to slump than others, the quantitative evaluation of this effect
is considerad to be important for the evaluation of a cathode struc-
ture. The second reason for slumping relates to the fact that certaln
compounde not clearly defined as to their chemical composition are
known to decompose undsr electron bombardment and produce gases that
in turn "poison" the cathode surface. Although at least a certain
fraction of the objectionable material on the anvde must have come
from the cathode, it meems unlikely that the poisoning effect thus
produced should be attributed clearly encugh to the basic constituents
of the cathode to make it necessary to try to ewaluats this poisoning
effect ars an independent quantlty.
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It is one of the purposes of the proposed triode desien
create a structure in which the slump observed will be as

a
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posasible from the poisoning effect. The idea is that with the
grid strmecture =& largs fractior Q” the m“-2r3a1 if not all of
can be caused to bhe ] 1% ad anode or alsew

%ﬁr*nw test will b
min ele on collector can be kept fras from these objeectio
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