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General

Basie to ths evaluation of nickel allovs that will serve az £004 hose
notals for oxide coated cathodes is their evaluation as elsciron emitters.
Favor bl~ properties ipclude:

high electron emission dens’
PI TQ com fea

"yv under ep--" Tod temperature and

weTetonovr the entire electron ~~" Cre surface

CT emt oT

Although items 1 and 2 above are more or less ~~1f ~planatory, item 3
needs further olasboration. The etobllity demsaded = ° cathode depends $0

gone extent on the use to which it ie to be put. Sors applicavions dezand
pubes that are able to operate meny thousands of hours vndsy rather closely
specified and constant demand corditions. Stability with respect to life
undar wepresentative cpsrating conditions is thowxefors an important attri-
bute of a cathods. Tubes used in electronic computers should alse have a
long life aad in thls case stability may mean that tho tube may stand by for
long periods of tim9 with no drain and then be exzpected to deliver a stable
highly reproducible emission within a fraction of a microsecond after the
demand for emission is called for. In still other cases, long ‘cperating
1ife is not required, but long shelf life and hish reliability at verv hig
surrent drain may bo nesded.

A tsst program of the magnitude of the present onc cannot be axpaciss
to evalunte all of the nicksl alloys to be made available wth verpect to
all of the above attributes. It will therefore bs the purposs ¢f go test
program to develop methods for the evaluation of many of the desirad
properties of a cathode comsictent with the present limitations both of
time. teat facilities and man power.

Protimi-- of ¢
RA a lynAaE

Preliminary to any emission testing, decisions must be made with rezard
se the vacuum tube structure and its method of processing. Thers is a back
“oe of experience related to ths design of diodes and their use as a medium
“re omiseion testing. Unfortunately, this experience has not led to a
stricture capable of plving completely reliable information concerning the
wie emission properties of the eathodes used in it. Argumente can be given
woo owapport the opinion that some of the faults associated with emission
tenting in diodes can be minimized to some extent by the use of a specially
tant onal briods atructura. With thie noint in mind. the ramrerlres thet ©a11ow
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apply equally well to the conventional diode and the triode
it is proposed would te used to serve the function of a test
nok bo operated sxscapt for special teste in the conventional
Lied triodan,

atiucture which
diode and would
manner of vrace

The tube chould be capabls of adaption to mass production although the
spacial character of stms of the testis will demand the introduction of such
unusual eloments as thermocouples for temmeraturs neasurensnd, special selec
trodes for resistance measuremsnis and othar Pestures as vars of the sirae-
Lured,

The exact method cf ovecuation and processing laws pn very important
part in the initial establishmand of emission crbabi’tt’~a~~"~11rathodes.
In general a specific evasuntion schedule will have to b~ adopted and
applied to practically all of tho nickel s2lloys. It is $0 be expected thas
if a partienlar nickel alloy seems unresponsive $0 the standard production
schedule, then modifications of 1% will be introduced in order to bring ous.
as voll as possible, the best features of each of the alloys under investil-
gation. Attention will be given to the velaitive merits of tho nickel glloys
if they show differences in production features, such as ease of activation,
uniformity end reliability of the product and early 1ife stability.

An ort wal kal 9 i an 3Sema Fundamentals of Rleetron BEmiont-
ESCUATIOACEETXIRABALIBaAIMIRAHlSIEdhtopSETSHAamSeynn SR wa ksFh

The saturated emission current density from any thermicnic emitter is
extronaly Yenperature derondont. An egusibicn form hes been ueed to eXDTOSN
this relation and 1s known as the "Richardson Baustion.® Although this
equation is in reslity not acplicoble omcopt as sn smpirienl eguntion for
the expression of numerical data. 1% i2 so ofton uveed that 1% ig written
har ng £ollawas
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In practically all epplications of the Richardson form of the thormicnic
oquation the electron emission 4s by no means uniformly distributed over the
superficial goometriesl area of the cathodes. The electron reflection effact
reduces the total emission and its temperature varlation influocnces the
apvarent value of ths vork-function. These facts are generally omitted from
consideration. Finally, the Richardson work=-fuonction fo canno% be identi-
fied as the "true" worlt-functicn without a Imowledge of its temperaturs
coefficient, Furthermore, the empirical value of this work-funetion as
applied to an oxide cathode can at best be some sort of complex average for
the esvrface a3 a whole. With theso criticisms in mind, it ie surely evident
that ia all practical cases the application of Eq. (1) for the expression of
emigsion dada ig of very doubtful value when one considers the inconvenience
of oan ye formla in comparison with the simplified expression givenin Ba. (2).

Thermionie constant (empiries’

TTTaster {empirieal econate

igustion (2) sorves as an empirical form hv which observed data repre-
senting the variation in thermionic emigsion +  te——arature can be
reprassnted with the same degree of QCCUTaY £1

If suitable empirical constants are known for the Richardson form of
the equation, it ig s very siuple matter to compute the constants for the
simplificd Eq. (2) by the relations given in the equations to follow. It
is 2l=0 evident that %he roverse is equally true, that is, if the constants
of Eg. (2) are known, those of Bq. (1) can be computed with the same sot of
rolations. Thegs relations are ca followas

As.
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Not only dogs the electron emission from an oxide cathode depend on the
temperature, but it also depends on ths applied voltage differsnce between
the cathode and the ancde. More exactly it depends on the electric field
near the cathode surface. As an electron leaves a conductine surface, it
is attyacted to the surface by the charge which the electron itself 4inducos
In the surface. This is called the "mirrcr images force.” Thore are alse
forces that act on the electron known sa "patch-field forces” due to the
non~uniformity of the surface with respect to ssall patches differing in
their truss work-fuancticn. Because of theese two effects the slsctren emigsior
even when not limited by espace charge depends on the apvlisd voltage. For a
given applied voltage or more specifically a constant field at the cathods
surfaces, the current rises mccording to Ho. (2) until there sre sufficient
glectrons in transit between the cathodes and the anode to be practically
squal te the surface charge maintained on the ancds. Aa thie condition
approaches the surface field at the cathode, it falls from its initisl higb
value to zero, even though the anode volitcge remains constant. At still
higher teuperstures, the number of slectrens in the cpace between the
cathode and the anods becomes so great that a potential minimum develops
between the electrodes. The electron current {hsn becomes very nearly
independent of the temperature and ie siven with reasonable sccuracy by the
Langmilr-Childs space-charge equation. For completeness of this discussion
Eq. (6) is written as a formula applicable to a diodes structure havine
concantriec evliirnders with a ratio of dismetere af 4 ow lear
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shere * 1g the werk-factor of Bg. (2) and 7 ia the tempera
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28 +o ragdll o- oo Si

“"~an in terms
méthode

Equation (6) shows that as the temperature increzasss, the current will
increase very slightly because of the change in AV and because of the way
ir which the temvwerature enters expiicitly in the last factor of the squa-
Lion.

Jenaral Considerations Rc? “fea 4- A-t%ad~ Fealustio-

Emission testing is difficult because there are so many properties of
thie cathode concerning which it io desirable to obtain information. Great
care must be exercised in the procedure becauss the measurement of ons
property often alters in a significnnt manner the valuee associat" with
¢ther properties which are themselves of comparable importance. . 1s
therefore desirabletominimizethe number of readings necessary to acquire
the most needed information. A procedure that has been proposed is given
ng Tollown:
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} Condition tuba fey minutes with the ca*hodc
of 835 &gt; Pn = © -) oleetTon currc tC

 os pom patbus

Take a static emission reading (Ig) with 40V as Ey on the
processed diode in the spaze-chargs reglon. With the present
diode the theoretical value of the space chargs limi*~d emir
sion current is of the order of 120 maf em®. There is about
0.5 8q. cm, of coatinz so that the ideal diode should read
approximately 60 ma. at 6.3V Ef, LOT E..

Take a static emission reading (i,) at T, (450 + 20°C) end
0.07 By. An automatic timer provides a 3-second reading
after the anode voltage is applied. Cathode temperature under
theses conditions is accumtely read and recorded.

1 UL

1.8

1.6

» 7

1.8

Taks a low temperature emission reading (iy) at 360 + 20°C
cathode temperature (Ty) with an anode voltame of L0.0OV D.C.
This reading is a static emission reading which will later Bb
used with the I g reading of par. 1.5.

Take a low-field emission reading (14) at theo eame temperature
(24) ae used in par. 1.4, but with an anode voltese ef 5.0V J.

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

The exact temperature (74) at which this reading is taken will
be Cstormined from the data obtained in par. 1.4 and par. 1.3.
At this temperature note the current after 3 seconds apd after
60 seconds, i.e. i3 (3 seconds) and 1, (60 gaconds).

Record ths slumping in milliamperes which cccurs at the
ture T- {par. 1.7) from 3 seconds to 60 seconds of time.

t anne To,-

Application of Readiness to Probler

Refer the data obtainsd from par. l.4 and par. 1.3 to the graphs
(Graphs #1, Sheet 1, 2, 3, 4 and Graph #2, Sheet 1, 2, 2}, pages
7 through 13) for Ty - ij and Tp» - i, of emissicn current vs.
cathode temperature and cbtain *he work-factor for each condition
i.e, Bq and fa Determine tha averase of theses two figures. i.0-
5.

2.9

2.1

From the average work-factor value obtained in par. 2.1 read off

from Graph #3 the temperature, Tq, which is the cathode tempera-
ture at which the reading in par. 1.7 is to be taken.

Teke the emission reading (1,4) at a temmerature T. as var var.
which is the readines indiested in var. 1.7

lo pe
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Calculatdone

An enmipolon curren’ which 3s the
rd 2 La

current at ACY Ghee - Pen Sm
sslected as 53 no.

highest femperaturs limited
Leal Sted tubg hoo ron

The wolusl 1q {3 second) current emission value rend on the dlods
under fast at Ty and 40¥, paw. 7 7 Aivided oo 1 walus
will gla » cerparieca Coton tha tuba vot Pp hee

- = TY,

tube, and may be sxpresged in percent, *.-

Prem the #07 Ep shatic emission resding obiained in par. lod
sabtreot thio TTT lowefd-14 emirslon yoading obinlasd “na par.
Thig ¢’ "ference divided by the 20V Fy reading will give the pe
centages value of the low-temperaturs low-voltage to the low-
toemaraiurs hish-voltass condition, 2.6..

Thtg ==?" “onghip will 21) us aboudb field

Fa-~«pe “he patrinsss of ecathodss.

Div” '-. “ference in emission at Un ar. 1.7) which cceurs
8% {7° Cod vime intervals hy the emission valus ig {3 seconds.
to ¢* ino the percent of slump that has occurred. 1.8

- (50 sag.)
ce er  — TY

Lisgusgirn Yon:rp oy fon Tsosta

In th follow’ ng discussion reference will be made specifically to ihe
various tests and "he cnlenlations by referring to the paragraph numbers
involvad. Por easy reference these paragraph mumbers introduce each of the
discussion paragravhs below.

Discnunicr

After &amp; tube has been om lifa tcot, it must ~ Lransferred bh.
the emiesion %ast rack. T+ 1g vory often frre th’ considerable
ima may occur between the terminatiecn of a 1.0 testing period
ard the enicsion test itself; that is, times of the order of a
few minutes or evan a few hours. The propesed warm-up withous
the application of voltage seems to be the least objsctionabdle
way of premaring for omission tests.

The results of a sat of experiments to be described herve ars
cffared in support of this procedure for the stabilization of a
rathods in anticivation of ressuremants., Four tuhes wera taken
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for this ebudy from lot EGY which were dicdes ha~irg so 79 pe
nicizel alloy haga structure and radio riviepe No. 3 zs ha coutin
These tubes had toon on 1.fe test for 35 hovrs bafors the sopd
of § tests were carried ent. Thee ofa ov he 1deadifisad
Crt Yagwas

C1 py odlaa

ihm

bf sHE,

rnDenn
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— a — 2 So safitndml-* ribbed alors was Pel) owed immediatel:

naerl , ? imedia
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Camere TIT One
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Tho actual data are recorded on the *vpieal "stanford dicde
work shost® and pressubod here as Tadle 1. The coupuinticas
called for in the ingiructions above are presented ia Trdhls 2.
headsd "utandard diode computation sheet.” The colum headsd
(4, a= 7) ig of particular interest baocaouse of the smallnena

2

tne aumbers listed here and the faced tnt the distrinhution ~7 niu.
and minus signs is almost exactly equal. One can conciuda ooo
this result that the cholee of the thermlonle constant "a" «
1.2 © 10° amp/en® eould not be improved upon, and ferihorwore, thas
cathodes show excellent uniformity since in general a prsdominnncs
of plas signs in thie column generally means the cathodes ia not of
tnd form worlrefnetnw,

36111 a ¢third table hes been praopared on “he "rorputation
sheet” form in which the data taken on the iv ~~ “» a npapti
cular tube are assembled topether. IF is evid-nt "mm an exanira
tion of these figures that some diffarences exist babween the
readings taken on a glven tubs devending upon ite past history
Tho deviations ave far mors random thaa they are systeowetie.

These data ave offered to suppor: the conclusion that the
avovs readings vrocedurs is a fatisfactory ons and is to ho adooiad
until some better mathod enn ba discoverad and nroves to have
piwranta ope

J. Ddacgnssion

A gauif%able cathode loadings for observation io taken to be
120 ma, en? space-chnrse linited. Good cathodes onsratines at
normal temperatures yield thie current without Aiffieculty. Undex
the tast conditions snecified fav the Adode stractnras row in uss,
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 DIXAPPED T1

2 tuds constructed normally will give 60 ma, Analvais shows that
faulty construction such er micclipnment ~f vorts ge~"-77rpagult:
in emission values higher than ncrel. Phan | 7 ok m

measured under theses conditions ecxcceds about 63 ma, . “be
should be examined for possible structural irregule 7. IXmiassiop
currents less than approximately 55 na indicate a very faulty
coating condition, or else a very non-unifors distrivution of tem-
perature over the cathode. Agrin tubes that ylsld at this test
emission currents outside of the limits of £0 + § ma ehould dhe
given special sttentiocn to try to discover the specific reason for
such an unexpected variation.

[ice

Under the teat conditions specified at the tompsrature Tos
the electron emission chould not be influsnced snpion~" wr arsce
charges. On the hasle of the obssrved readiness and ths “mo $amners
ture, iv ia possible to rend directly from the charts or "&gt; ftablas
a value of the work-factor 2 whieh would zive that roadfire for the
normal cathods having sn emission gonetant Fa® = 1.7 + + {typleal
value). Although from ths theorsticul point of view | woul “So
instructive to Iaow the moat approedriats value of ths *™~mmiocule
conatant Ya", the work required to make such &amp; determiry “on is
Gorse than it is worth for thoes warticular tests. The wek-fnotox
value that one obitains in this panuer is &amp; good ind = of Tw
properties of tho emitter. The higher the value of tha vort-fachor
ths pooray ths emitter, and clearly, i7 the thermionic constant is
low, it is a poor ouittsr. In this analysis, sn abnove~ lity in the
thermionic constant medifiss the work-factor in ths coy cet manner
fo he more specific, a cathodes with oniw 50 paprecnt © "he nrioal
thernlenle eoastant will be interpre’odnehavize a woelk- ctor
C.003 ov highor in walus than would have bson chosen 1f ihe Spas
walue of $ha conctand "al krd been mown

Bge-reg ff the fect that +hs dvaining of current for “his test
gn por “Then fh properties of the cathode ttsel. a
impor “nly ths onods voltage foe &amp; vory shogt perie?® of
time (3 fugsc..od hspa 3 seconds. Further investigations will be
mado Lo find oud whether or not even 3 soecnda {ig ton long a voviad
of tim 7 200d eathodes.

Diag

Eero mz tak To at ad
tha oy» les sages In? ongp - the
staal... 4 ose temperature Vo oe vi
thoge uoed in connection wilh tha cheoyoa 0 deter
ninntion of that wnlae of the work-foctor vhier na cssoeiavion wit.
tha chosen value of "a = 1.2 x 10% will givs the currend density
rhastryad. 19 $ha enitlhoda de verfeetlv afebhlas ord 48 wnifrrn 2nd



APPENDIX 11
73

characterized by an "a" value close to the ons used, then the tw
work-{r «tor weplues, namely, 6, and $y will differ by 1-re Shan 10
gnite sn "&gt; ‘ourth fipure. It is thesa differences that ars
recordet "=~ various tables associated with this remn~t and
headad

An examination of the basic phy~icel mn~iacinlaes nwmon whlch
these test~ are formulated shows th — = Ute om z2an be

obtained from a study of the (olwm L osm oare
two points of interest which ars “0 ww #2 bie SPE
batween the work-fachore and the sien . ho Jfcrence. For good
etable cathodes that ars quite uniforr, the value of the differences
should seldom excesd ten and the sism chould be more cor less random
Examples have been found and are illustrated in thess tables
spacifienlly by those in ths C45 group in whieh all values bul ona
exeesd 10 units and 211 values have positive aligns. Thi~ ~~gult
leads to twe explanations, ong of which may apply avd © 0 3 both,
An shnormally low walue of the thermionic comstent Ta a thouss
the eathcde might happen to be uniform might yield » wo f tals
kind. Op elss tho cathode mey ba vary non-uniform apd “ha OF
value might, therefore, be low because e¢f thie nep-uni. »m’ in
sithor cass the cathodes would certainly ba c¢laszgifised ~~ ~ poor
eathoda. Since this conclusion applies to preciticenlily ro 7 ths
tubes in thal partleulsr lot, this evidence would indica” (hat the
nickel used for the lot in association with the mothod ff processing
gave poor resulis. Vhenaever the obasyver obtains a lares Hive
value as entered in thls column {¢2 we fq) hs can generally coneluds
thet the cathodes ie 2etually activating during the maasuring process
end readings should be reveatsd with epscilal stéention to this
possibility. OF course, sn sabrormally lavse valus of "a" wonld
give TT ropa result.

Dige

Tack of surface wun’ ore’ ~~ em ba ~houn © *d an abnorwslly

high variation in emlac on wi hn ed eTes 0 1 1d when %he
ohssrvations are mdse at such 1. Semmrrn’v--s thd emcee charge fg
rot playing an important part. While the cathods  operatlng at
the temperstuwre Tq of 360+20°C, 1t is suggested that the exission
be measured both with 40 volte applied and § voltz applied, and thal
the fractional) change in enxiesion shall be expressed hy noting the
aosuel changes and dividing 1 by the emlssion observed ¢3 the 40 wold
point. Thies fractional change expresisd in percont la Goslgnated
by She letter fy. It will be usted that fractional changss fy as
crank ag £0 to 70 percent can cccur. he normal change for moved
cethodes would lie between 30 and 40 percent. Experience wiih thie
toss ie too meager for conclusions to be drawn with respect to 1%
that are well supvorted by statistical amalysils, but 1% 1s thoughd
that 1% may be helpful in distinguleaing between non-uniform cathode:
and those thet lave abrerpally low wvaluse of tha lhermionis econeiant
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mA Term Teo ~rlades of
wor Fector , th oth gull un test fammaers

CTP dhe pompudalicn eo-mvt 7

To "na with the experience and discussion given hers under
the mest eultadle standby condition for the esthodes
in 838°0 and no dessin.

Par.
INE

Pra -Baer

Detailsd analysis as well as experience in this -=4 ¢lher
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