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1. Introduction

   Since the invention oÅí t}ie thoriatecl tzmgsten filament by Lapgmuir,

it has be,en in general use a$ an eleetron emitter. In this type Gmit-
ter, the originfti value 4.55 ev of the wor}< funetion oÅí tun.cr$ten c}m

be reduced. to 2.6//T) ev beeause of the monoatomic laxrer of thorium
                                                   vcoated on the surt'ace of the filan]ent.

   [I]his monoatomie Iayer, however, is not only easily disintegra'tecl by

the in]ipaet oÅí ions or electrons, bnt its worl<ing ternperature is limitecl

xvithin a very narrow range in t•he vicinity ot" i8COO I<. Il]o avoid these

txsro (lisadvtu}tageEi, an emit}ter whose tungsten filanient is directiy c'oatecl

with thoria powcler has been devisecl. Althou.crh sueh aR eniikter hfts
been Zke sltb3eet of re$eareh by $ome persons, its range or opema•uing
temperature is i}ftrrow•, aii(l its action .fts an emitter is unstabie. The

author got tbe idea oÅí pkieing the thin layer•of zirconium between
thoria and tungsten to utilize its strong absorption of o.xygen.
   In t}]is paper, tl}e thoria eoated emitter procluced b>r pa$ting the
thoria powcle}' direetly on the tungste-n fiiameiit will be clenoted. by
" [l]h02--SV " emitter, ancl the one firstl)r coated with zh•coniun] powtt er

ai}cl khen with t•hoi'ia will be clenotecl by " [l]hOL,-Zr-'S?V " eniitter.

   In the first place, emissiolls Åírom both type emikters were measured

tu)d reasoiiable values of the work funetion derived. It is notieeable
that " [[h02-Zr-W' )' ernitter ctm give suffseient ernission at relatively

iow ternperatures.
   Then the evaporatioB heat oS' zirconium atorn on the emitter snx'fuee

was mea$urec!. The value obtained by the author is reasonabie as com-
pared with others' <ilatu about other emitters.
   [I]he rneehanism oÅí electron e!lnission from tkoria semiconductor can "

be exp!ainecl sueh t•hat <1) the necc-ssiiry excess thorinm atoms can be pro-

clueecl only on the base metal (tungsten or zireonium), (2) the dissociatioi'}
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      '                                             '                 'rLi]hOL)--,[I]h+20 requires considarable energy tmcl it can more ea,sily
oee-r by the presence ot' zireonium, t}nd. (3) e.xce$s tborium aton)$ diff'use

throiigh thoria la>rer t•oxvarc.ls the eniitber .gurf'aee ancl con]pei}sate t•he

c,vaporation ot' thoi'ium atorn$ the}'e.

   ri"he author has verifiecl this view, by ascentainin.cr experimentt!ily
that in ctise o'Åí' " ThO.i-Zr-"] " eniitter, the emission is Iimitecl only
by thorium aton] ciiff'usion ancl in case off " [l]h02-NV " emitter at iow

temperatures, the eniission is limited by the cli,ssociation ot' therla on

tur}t.rsten, bRt at higher ten]peratures, 'vhe .gitutition i$ the ,same as in
the f'oi'ii]er.

    'rhe heat oi' d!'fY"sion :u}c]. t}}e aetivation energy f'or }'ecluetion xvere

a•lso meaq.in'ecl.

2. The work function of thoria emitter with zircenium Iayer
   (1) E"xpe?'i7)zental 7?ietltod i'
   A t•ube usecl in the experiments is iliustr'ated iR FIs,'. 1 (ll). In the

fignre, (il) is either the " rrhOt.-XV " emitte}' or the "ThO,!-Zr-X\ "
en]itter, @ represents anode to measure emis$ion and. @ are giitu'cl rings

to prevei}t the error caused by the lower temperature at the lroth et:ds

o'i" the filainent. - '
                                    The teniperature n)ea,giiren]erit
                                 was made by ap. eptieal pyrometer,
                            MiCa aBcl cotor teniperature xvas caXbrat'

                                 ecl to the true temperat•ui'e, taldng

i.o the raditttion constaitt e.//)'s at N=
                                 O.6;-) itk.
                                    The experin]e}}tt}i }'eiations bc-

                                 tw•een t•}}e heater currsent of•the
                                 eniitt•er ancl t}}e ten]perat•ure are

                                 showi} in Fig. .9..
                                    [l]l}e eniission erirrent,s into the

                                 anoc]e @ "re}'e n]ea,gtired. by t}]e
  ,Fig'i(`2'.,,P,i:g,ew}}.?,{.emissioii k'i-ll/zzlaF.211L'wa.YiiE•l,iS",.lf,Eb,l'X;'Z)A'//l,i

          @Emitter r:mging from 10'"E' $ec. to lO-misec.
          (g) tXnode                                 tu'ic t}]e initiat values "'ere taken.          (S> Cluard rings
                                 Beeause o't} the rouglme,gs at the
slirtaee of these en)itters, the Sehottl<y effteet oecurs, ancl t•!ie enii,gsion

eurrent Nviil be gixren by the eqiiat•ion :

                 1. =: A,oz)T2 exp(- eg' -k;",/eYa•), a)
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        and

anode voltage
insteacl of

      .tJ#t, "gO        Mamcnt currem; {Anip) .

      between filtunent heating current
 their teinperature for geveral samp}es.

   and ,o is roughne,gs Åíaet•or ot'

IDushn]an's eq"at•ion :
                            `
x == -DAT2 exp(- ke.i;)•

t•he surface of

(2)
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   (11) ffxpe?'i7nenta,l ?'eszeJts a,??,d aisczbssion

   IDIffereiit froni t}ie thorittted ttmgstexx fii.arneiat, the thoria coatecr

emitter is the $o-eallecl metalli(; e.xee,gs type sen)i-eoncluctor. Accoi'di}3gly,

both khe iaumber no oÅ}' e.xcess t'horium iitoms ancj! that No'f es'ystal ktttice

vaeancics or frozen-in holcs I?rocluee(l by the thermEtl treat•rrient, sull}lply

Åíree elec+.rop.s n in cond{ictiox} bai)d.. In ".hermal equilibrium at cert{.in

temiDerature, ti]e foilowing rel,q.tion is gi'ven /h•om the theory of sen]i-
conc.l{ictor by Niyiboer (6):

                "(.", 2i g,7) -t (2eg;i'g. i" T)'ie: p(- ii' iii.Ec,ei )• (3>

The emissioB eurrent "riil l)c- tis foliows:

                   1=:?te,oD(.,//lll/]JI)Sexp(-t/liltil), (4>



..4cti2;cttion of 7'hor•ia Emitter 6y Z'irco7zizent. 49

t

tioo

(N.Greup) o. 3i -2 1" 1iO, -Zv-XV)

l7:t.,'K

"l,

Ieo

;ne)o

lo

5

l

5e

              O.1
               o le 2o so                                   VF' :Ta (voltl12)

                        Fig. 4. Schottk.v lines.
'

where E denotes potential <lifference between t}}e impt]rity Ievel ancY
the bottom of concl"etion bai}d an. d Z tl)at be'tween the bottom of cond{ic-

tion band axxcl the levei outsicle Qf the

erystal (see I!3'ig. t5).

   In ease whei} n<< .N, Eqs, (3) ancl

(4) beeome respectively '

   tn == 2.N!!ZO(27i';,nN.kT)k',.p(- 2ET'),

an(1
I -- Ai Di no T2 exp(- e(EkT+ X)>(t5)

i,/S ease when
 eq tl atlons

n << N, tlie eorrespond-

are
      n =: no&(2T ez]b),.kT):
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l
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 Tl]e value ol:' 7z is small xxrhen Ioxv temperatHre prevents t}}e f-ll activa-

 tion and iax'ge xvheii act•ivatioR is suffzcieikly earried o"t. I[t enn be
 knoxvn t'rom above equfi,t,ioiis t•l]nt•, !n t,he n]e(llmn eftses, t•he xsrork Å}im)ction

,. distributes 'Åírom (.E' + X) to (b'/2 + X), aceording to the emitter's

 productioi} proeess. Eq"at•ion (e)) i$ l'urther• n]odified to

                       iog U/T;') =eonst - i,ilil$, (7)

 Ol'

                   logi.J (7/2"#) = eoii$t - 50tscj g;/CZ', (7')

wrhieh }•epuresents the lliciitu'(ls.oi} !ine. IIi"ron] tl}e siove of' the iirie, the

worl< Åírniction eai} be ca.leiilat•e(l. ("rhe {iiff'erenee betxx'een the val"es

o'Åí' Åë obtained h'om equation (7) tmci those obtaineG l'rom the equtttion (5)

cause(l by the diffrerence betwee}i the terms T'e ancl tZ'2 is less thaii 10 O/o.)

IB"igs. 6, 7, .ftnd 8 sho-r the lilSehay(?soi} I2nes, "'here ti}ree .crroups N, S

and rl" correspon('1 to the diflrer'ent refi!ilng,' proÅë'esses of' tko}'ia, a}}(l in

oi}e group the lii}es differ ftecordkig to variolis exil}austion proeess.
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Table I sho"rs the summary ol' measurecl values of' work function from
these resRlts.

           [['ABIJE I. Measured values of work functior} of .
                  " [I]hOo-Zr-X'V " and " [I]hOo-W ".

Sample

 g group
 thorium oxarate
s

 -(heating)-thoria

tsT groUP
thorium nitrate
-thorSum oxarate
-thoria

" [I]hO"-Zr-W "

2.65
2.42

237

2.73 e•y-

2.37

!

1.96

1.78

T group
ehemieally pure
thoria for sa}e

1.79
1.99

191

" TliO.-W "
E

2.92 e•V.

2.91
3.l3

Zr laver
    ithiekness

ThOg
layer
thickness

O.O12 iiiit:

O.O12

I

2.91

1.99

l
) O.O12

O.11 inni

O.14

E

'

l O.15

2.01
2.70
2.77

 3 o o.I O.e5

I

I
'

l
I

   From this
region from
Z =: 0.43 ev.

 ta'ole we

(B + X)
see that

to (ZiT/.9.

the measurecl
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   [{)he values of. E an(l Z thus estimatecl fyom the valt-ies e'f the x'v•oi•k

Åíul)ctiol), howevel', Eute llot .o.eelll'tLte Lmless (l{lite m.ll-.y rr]easuremerlts fu•c-

rriade. Meanwhite, the faet that 'tshe resistance oÅí semi-concluctor is
representecl as .ft funct]ion of 1}' and X alloxvs us allQther way t,o measure

E ancl X t'rom both the resistttnee tmcl the equration of thermal eleetron
emissioii. By this metliocl, Arizumi ancl Ezftki (4) estimat•e(I the vaiaes,

of E ancl Z of " rLl]hOn-W" emltte}' as

              X=2.5 ev, X-- O.7 ev.
As the existence of zireonium has no dk'ect effeet on the emi.q.Eion at•
the surÅí.reee as will be seen in the t'ollowin.cr, these vEtlues shou!d eoincicle.

   Reeently obtainecl values of` work funct•ion of " Th02-XV " by seveta1

experimenters are fts follows :

              .9..6 ev by XYright(1)
              `9J.67, .9:J,55 by N.ftnley (2)

              3.08. `P".9.6 by Yabumoto (3)
              l.9 , 3.2 by Arizun)i (4)
Nurnber off samples used in these meftsuremeiit,s are t'rom one to three.

   [l]he author }]as lbimcl that while in case of " [l?heL)-KY " einibter'

the wo}'k function be-Lfore the neee$sary heat-tre,atment is genearally very
Earge and is lowerecl only after i]hat proeess, in case of " ThOL,-Zr-NV "

emitter, & 1,ftrge emission can be obtainec.l wi"bho{i". `uhat proeess, ancl thlis•

the worl< function i$ origimtlly smail. rFL"his problGm wiil be cliscussecl

in detail in the foiloKxring.

   Another /C'"act to be noticecl abotit these measured. values is that, in
some ea$e,g, a b}'eak appear$ on the Rvicharcl.son ihie a,s ghown ift l.I'ig. 8.

rVhis t"aet incl.icates t•hat Ebove certain temperaZu}'e, 'tl}e activation

proceec?.s sufllcientiy an(l the saniple shows the state ott the so-ealied

Nijiboer-t,ype relpreseiitecl ly ecluiat]ion (6), but belew t•liis te-mperakiye,

it is in a s'tate of poor stetivation or the so-e.ftllec'l XViilson-type repre-

sente(/1 in equatiori (5). [I)}]e $arne phenorne-Bon oecur"s in case oÅ};' X,Ve;'meit

eathod.e olt (Ba Sr) O., . "-t".his break wbose tem}eratm'e is T, , is g2've}} l)y

putting nn !, A7 in the Åíoregoing theoretieal formglt} (3). ri"huf,

              n--A7=(1'i;LZo)e'(2TO17bt..IJTc)2exp(-w.e,1//,fium',),

              1 -um A3 D3 T,S (2itii-O)S exp(- e('ZYi..21,,+ Z)) .
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3. The evaporation ef thorium atoms
   (1) B,xpe7'imentcel appao'at?es

   Excess thorium atoms in " [l]h02-Zr-W' " emitter or " CIrh02-W "
emitt•er lie in interlphai es oÅí the crystat iattice poinLs. [I]he}'efore their

evapoi'ation is easier thtu} t}}at o.ff thoria locating at tlie crystal lattice

points. Aecorciingly the evaporation of thorium atoms oeeurs at a
relativeiy io"r tempov'ature p.s comp.ared with that of. thoria•, whese

@   c)

@

rvrl

-- ---- T,9.5 ]r)

-e -
k

tx,!i

G,•
etter

M:,ca

IFig. 9. Tube di{ gram for measuring the

   evaporat.ion o'f thor!um.

  @ !Vh02--•Z. r-NV enilt.ter (O.22 i'im dia)

  @ [I]hO2--NV emitter (O.22Mim dia)

  @ Tungsten probe filament (O.24iiii" dia)

  @ Screen plnte (same poteniial as @)

completely aitcl is now l{ept• at

atoms caR di'fYlise on Åíhe

monoatomie layer.
em2ssion from t,nngsten filament.

upon the surface area c'overecl by

denote the ratio of.' eoverecl area

to the emission current X ancl e,.

cttrrent f.,. Tl}e reiation ot' ele,.

been alreacly givc'n by Brattaii}

the measured valRes sho"'n in Figs.

relation of ele,. t,s. timetas '

   On the basis
tion oÅí tl]orium atorns.

                   e              1500
       s"rfaee by surÅíace migration
  [l]hus formeCl iayer oÅí tho]'ium atoms causes

                The
                the
              to the wl}ole

              corres}l}onclip-g to the maximum

                  V8.
               ancl

                  12

             sno'cvn
oÅí• these da+.a, we can

 evaporatioi} is scarceiy seen be-

 low 2000eK. A test tube to
 measm'e the evaporation of thori-

 um is illustratecl in Fig. 9. To

 make a corr]parison be#ween the
 ease$ of "[ hOL,-W " ancl "[ h02
               - -Zr-NY " emitters, both emitters
 wereassembled to.cretker in a single

 tube. (4) is intendecl to prevent

 thorium atom evaporation from
 @ and @ from spattering on the
 both en(ls of' the filament @ where

 temperature is noib aniform.
    -S"Jy'he}i (l) or @ is beatE(il ancl

 kept at a ee.rtain temperakire S(",

 the evaporating thorium atoms
 spatter oit @ 'Nvhich was }}eated

 beforehancl at 25CO"I<. for tei}

 minutes to elean up its surfaee
I< so that the spatterecl thorium

              ancl form zzni't'oi'm

                      a thermal
quantity cf' the emission depencls

monoatoniic thorium atoins. XVe
      area "rit]h e eorresponcling

                         --                       emlsslon
 J/1. af $hown iia Fi,g. 10 has
Beeker(8). U$ing. this }'elation,

  ancl 13 can be rewrittei} in the

in Fig. i4.

estimatbe the tirne rate of evapo}'a-

s
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Ix'actice, @ or @ is }}eatc•d at a certain t]en]pera`uure tZ', aml
sa;ne time, the emiffffion from f}iament @ (1500CI<) is measurecl
cireait shown i}i Fig. Il.
                         The emission grows larger in coneert
                     xvith the inci'ease of the thoi'ium atoms

  -i

  -tt

7
g
x -"t)

t:r

--  -4

  -"

  .e
          l,.S :S, i.L. 1.- 1,O 1.,S -

Fig. 1,O. Variation of eleetron
   emi,ssion troni a thorium-
   eoverecl tungst.en filanient fts

   a funetion of e, aecording
   to XV'. I`I. Br:Lttain and j. A.
   BecX'er (8).

spattered on the fiiarnent• @ ancl reaches
its maximum value L.. xvhen filament @ is

coated almost enth'ely by thorium atoms.
(e.tF 1) ThGp. Kve heat the fiIament @
Å}'or five to ten niinutes at 2,5eOOK to

cSean it up, a}icl repeat the measurenients

in t'he same xva.v at differeRt temperatures

oÅí @ o}' @. Il]hus xve obtaineci the rate oÅí

evalporatiQn at clifferent ten]peratm'es, as

.sho"rn in Figs. 1.0.ma14.

   In Fig. 14, thougrh the plotted ?oints
ae a certaiii tenipei'ature shouid be on a

g
@ (I)

' islsg--agiEe

@

.
11 .

giF
1-

ii

'l'..

I])iagrain

 r'"""------- eigisielih

     ww
of the measuring eircult for the
            -.p

evaporatlon rate.

kt-

"s ""'i$

'SL"S

Fig.
       vre aei : i 4 5 e 7           Lrt                ' till}e (1'll;ll)
12• Emitsion f'roixi the XV-probe fi]ament due to sp.attered thor!um whieh
evaporated frotn [I]h02-XV ernit.ter tsTo. E44 at several ternpeTatures.
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sti'aight iinc pa$sh}g t}}rough tl)e origvii}, the obtak}e(l vahies shoiv son)e

devi[tt,ion. [I]hig if due to the ing, uM(xiep.t ?urificat,ion o'f the ,gur'Fac:e of

@, and part•ly (liie to the l'act that the thoria evaporatinsr from the
sui' fface of @ or @ spp.tters on the $urface o'fi @ and decreases its efYective

ai'ea 1'or eniis$ion. The measui'ement was ma(le at temperature$ 19000

im22000I< at which ti]e evapoi'ation ffpeecl is relp.tiveiy high, Åíoi' it'

macle at lower ten]?eratiises tlie evapo}'ation will be $low and t}}e ex-

:periment xvill take so Iong time that chances ot' other errors may occui'.

   (2) .EI.zrpeo'ione7zt(t,J "t'esul,ts

   [irhe quantit>r of evaporatioi} oÅí' tliori"ni-aton]$ ,fron] tl}e filanient @

at the tempei'ature TOI<, ver ui}k arer) o'f the sarl'ace and. per ai}it

time, is given by

                        e == q, exp(- exrz..ife,v), (s)

                                           k
where (2o is a constant, ancl eE,. is tlie activa'tioi} energy for evapo}'atjon.
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                                               tt                        v
XVhen the surface area is coverecl by the spatf.e,recl thorium tretoms at

the }'atio e, the inerease die in time, dt is relatecl with g by

                               ele
                     Qelt -- cri-e, (e<l)

w}iere ev is a conseant determiiied by tl}e /geometricai relat'lon between

the filanient @ ancl t•he filan]ent @, 'LI]her} xxre have •

                        a ale                 q =1 --e' ift -- ww ecS/ Iog(1 - e). (g)

                                      '
                                   'lli"rom (9) ".nd (8), we get

  '           • i.g[- g-29•g--(d-lt-i:i-e-)-] :e..,t - e/titv,

and. differentiating this xvith respect to 11T, xve have i

                                    (psl{hotL.-(dl,-e)}-]                         A iogie [mm

            B'ev -- -1•9' 7' A(ltgt,t) ', (eV) (10)

or

    .zzi,, -- - 4 s7s Å~ ios glCl""-i-"d((IIczi,twwdlOili,t)- G)l (caiig iton)) (ii)

IÅí xve eal(;i]late the (luaii{3it>r sho"'n in equat•ioi} (iCi) fron) the nieasured

values in II]"ig. 24, x'"•e ob".'ain 'kva{i.o'. 15, a,i}d the vak}es oir' Eev surr]n)arize-"cl

                                                                   iii} t!ie i'oliowing [[]able II.

   [l]he ciiserepancy amonsr t}}e valiies in [lrabie II can be understoo{1

t,o have eon]e fi:om t,he t?aet that t•he a,ctivation energy 'fo}' evaporation

may be Iarge or small in aeeorcltunee xvith the attractiov. betweeii thoi'iuin

atoms at the surtiaee t}i}(l t•hi.q. atkraÅëtion {.lepeiids oi} the density of

thoi'iuii] atoiiis,

' A sirr]ilar case is Eeen iii the measu}'en]ent o'Åí the evaporation of

thorimm atoms fi'oin the tl}o}`iatct/1 tun..o'stei} filament performed by

Andrew (9) and Il"tmgmulr (le), in xv}iich the former ebtained the value
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`;1

Activation energy

      llrABLE
for evaporation

 IL
of thorii!i)i frOlll thoi'ia   -lein!bter.

   Einitter

Sample number

l
" Th e2-W " t.vpe

il.i4l-

i
5.48 ev

4.02

(127,eu"O)

( 93,3eO)
cal/g-atom

'`  Tli 02-Zr-X•V " tyl,e

I

3.34 ev

2.43
2.78
3.4

 (rnean
3.0

(72,500)
(Jr6,4oo)

(64,4eO)
(78,800)

value)
(69.500)

cttl/g-atom

177000 eallg-atom xvhiie the latter .9,,O`{LCOO eal/,{,r,-atom. [l]his cli'ff'erence

is explainecl by them as a"vtribntabie to the Åíact that in ease xvhen the

vaiue oÅí e is large, the att]'ac•tion between thoriilm atoms weal<eng. the

adsorption of thorium atoms into the tungsten base met•.al.
   In case of the tkoria emitter, however, exce$s thorium atonis lie in
interphases ot' the lattice points. "rhe]'efore the aetivation exiers.y 'Åíor

evaporation mtty be iower. Aceordin,o,: to IFan's nieasurement(Xl), a
smaller valiie of 466000 eal/sr-atom ivas obtaineci Åíor evaporation oÅí

thorium atom i?} case ot' sinterecl eaiho<ie rnac],e by mingHng tun,cr.steii

ai}d thoria at the rate of 30;70 anc'l then silttering them. '
   ln case of barium aton) in (Ba Sr) Oti , tlie values clistribute fron)

3.1 ev to' 2.7o" ev and the mean value is 2.J( ev. [l]hese faees shoxx' that

the value 3.0 ev we obtainecl is reasoi)able. '

e
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4. 0R the Retivation ef thoria emitter by zireenium

   (1) Activ(ztion o]zecha•n,isvn o.f theria e7nitte?'

   I[n the process o'ff elec'tron emission .t'}'om " ThO.,-Zr-'SiV " emitter,

tihe most remarkable iieature i: that aiiy add.ition,ftl proce.qs 'for activatioii

is unnecessary. NVe ean imagine tha-tr this is beca,use oxygen's afflnit>r

to zirconium is strong ancl oxy..o'en easily makes absorbed di'ffusion intd'

zirconi"m Iatt•iees and the}'e'f"ore the balance betxxreen oxyL,r,en in t}}oria

p.llcl oxy.c.)'e})-f'I'ee zil'(;ollilln) Ett t}}e. col)ttlct sill't'aee of thol-ia a}ld zil'eollillnl

is broken, anci as a re,guk a part off thoria ,supp!ies oxygen atoms into

zircolli"m by ab$orptiiLmL. [lrlins thoriRm at]oms remairiL xyit)hiii thoria kt

a $tat]e ofi exeess metal and tlK} oxygei} at]oms c]ifl'ute into ziv(':oniiun.

   NVhile in case off (Btt Sv) O., emi'tter o.xygen atoms ot` BaO fiy into

vtteiiun) if vaeuuin is in tt hi.o'1} debo'ree and. ex(;es.s Ba atonis are pro-

cliicecl on the surf'aee, in eaf e, of t]horia-enii(ter, hoxsrever, ,su(th p!]enon]enon

does not} oecur beeauq.e the (lig, sociation off thorkt is iiot] easy. Aecordingly,

the re(luction oÅí" thoria oc(urs only on the bEtsc, inetal, [["hus pro(lueed

t•horiun] aton)s Giffuse toivards the ,gurtXace according to its colt(:entratioi)

distribiitioii. :..ivEeaiL"'l)iie, "u'ke e'{Lrt{poraiuion incc-,s,sant•ly (:6ntit}ues, alld. a

.q.tc•ac].y f tate appears xvhen the stippiy of t,horiun] atonis b>r the diffusion

and. thei'r con,guii[)pi.'ion by evttporation balaxxee. 'LL"he quantit}y oiC' er[]ission

ls large or sn]all (lepe• }i(Xng on the ntitniber o'i' thorlnn] atonis in the

steacly s'eate.

   "ll]he g.peed. of' the thei•nial (liflrusion of oxygen into zirconltin) is ver>r

high (i2). (Zii'eoniilm makc$ soXcl soiu'tion wi'th o.)<tt .{ren a'toms un"brni-

ly mitil the (]uanti'ty oÅí oxy•gen rGaehes 40 'atomic pereent.) ruiherefore,

t•horict x\'hich coiLtacts xvi'tl] zir((onigni, is redticed. tny't a very i,krL,,T,e nriniber

oÅí t•l}oriun) atorns is pro(].uced. even tit lo"rey ten]per'atures. Accorclli}gly,

i}i the ease ot` " Tke,,-Zr-XViv" " emitter it may be assunied tl}at it is

the thew'n]al difftision oi] thoriuni atonis in the thoria !ayer, that lin]its

the suppl>r of;' tl)orium i'or t}}e evaporation. ][n ease of' " [['hOL,-XV "

emitter, t}}e g,ikiatioit is t,he ,s.ftme a"u his.h ten]peratares, but at Ioiv

temperature,g, it is not, as. t,he reductiori ofi thoria at the contact $nrt'ae.e

xx'ith tungsten becomes ve}'y di'flicult as>'ainst the case o/f bhe contact

xvith zireoBkin]. (It has been said that below- 24000I< reductioii is
cluite (liffieult.) In the lat,ter' case xve Rnclerstancl tl}at the diss()eiation

is t•he factor that iiniits tbe ,guppiy oÅí *horium to 'the suri'aee.

   rLl]o ascertaii} our vietv, we pyoceecl as 'foiiows. In t}]e ct}se oÅí

" [ChOL,-Zr-}V " emittei' or higrh 'temperature " [I]hO.,-XVT ". emitter,

a stettdy state is brough't about xvl}en t•he clifl7usion of thorium in thoi'ia



p.nd t•he

atlo}} 1$

we have

      x•ict••iv•cetion of TILoria E7nitter by ZiTeoni'te77}.

evapoxation of t}}oria at the surfaee balanee.

proportionai to the Burnber ne of thor2urn atoms

A exp(- eEdicf

kT
  
  
 --)

Brizo exp(- e//"r,e") ,

59

As the ev•apor-
on i}he st'n'tlftce,

xvhe}'e .K.! ancl B are coBstanÅíg., and e.ZZIditi !s the apparent activatioj} enersr>r

f'or dillfu$ion aBcl eE.. the activation energ'y t'or evaporation ot' thorium

respectively. Thns, we get
                   .tzo .,.-cexp(- e(ft"di{zrtc;i, "Zi'ev)l. (i2>

tszo c.ftn be measurecl by the int t.ftntaneous measurenient at ioxv t•emperatm'e

(l400eI<), since the en}i,gsion is pi'oport•iomft1 to 7zet

   So we obtftin

                   iog.i === consJ,--e("iii'"7,crmp E('v). a3)

   In the othey ease, the stea(ly skate is limitecl by the

thoritmi atoms by the i'e(hietion o'ff thoria. Denoting
energy tjor reduction o't` thoria on t}}e tungsten ,surt'ace

the san]e xvEi.y as iit eguation (13), we obtain

pro(hiet•ion ol'

the .ietivatioii

 wit}] eE,., ln

l O.Cb" 1 == const    e,M ZJTdi (E)' - E: v) s (14)

O1' logiol' == COIISt ww
 5040 ("Zl}'r rm .ZJ?'ev) • (15)

   (2) E',xpe•ri7?bentctl t,'es?elts ctncl diseeession

   Emitter of the emission tesLb t"be is kept at TCI<', and when a
steady sta,".e aniong the clisEoeiation o'f thoria, difftiusion and evaporation

of thoriurn is aln)ost reached, the temperature is sucldeiiiy lowerecl to

l-IOOCK and ornission is measurecl instantaneoiisly. VN'e repeat siich

meas{rrement .ftt kitervals of. three to five minutes ancl see that the
emis.sion setties at a eer'tain v,ft.iue which shows that a steacly $tate i.q.

reached. An example of the results of experhinent is shown in IFig. 16
altci in the f'orm of Ioglz's. 1/T in Fig. 17.

   [l]he meas{u'ement is n]a('le at temperatures between 14CCe I< an('l
2"goo e K. Above 2//-)eo O I<, both " [Irh O,-Zr-W )' and " [Irh C .,-W "

make soiicl solution, ancl become inaclequate as emitter.
   It is obviou,siy seen in Fig. 17 that in (:ase of " [l]h02ndX\ " emitter,

l



60 8Fttk'agct2va.
the en]ission ellrve consists of two straight lines whicl) shoxv that below

1retOOO I's'L emission is searc•e and over 17000 I<1 err]is.glon inereases rapiclly

and beeomes usef:ul as an emitter. [I]his beh.ftvior is explainecl a$ follows.

At ltet'OOOI'x', recluetion of thoria•'at the contaet sur{:'aee with tunL.y,steii

begins and. thoriuni atonis produeed (jl.ifFuse,towa,ycl ,the surt'ace and
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            IIiig. i6. Therrz)o.ionic activity during aetivation process.

eoxxstant•l.x-• inake -p t'or the atonis con,gumecl by evapo}'ation ancl then

the emission beeomes stable. Above that t'emperat,ure, alil{e in c•ase ot'

" rLlrhO,}-Zr-NV' " emitter, the ste.aciy state is liniite(l by the cliff-sion

ot' tho"inm atonis in the tho}'ia. [l]his eorresponds to the tlaet that the
cnaiEsion line in this region is parailel to t]ha+. of ""L{]i]O.,-Zr-'Nitr"

emltter. .   IMIeai}"rldle, in case ot' "ThOL}-Zr-XV " emi'bter the ik}es eorres-

poncl to the fac.t that the steady s"vates are iimitecl by the diff{lsion
th].otlg)•}}ollt.

e
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[l]heresuits oÅí the rneag.iirement thus weil verifies ourviexv. [I]able III

beeit simimarizecl from [i]"ig. 17, eqtmtion (13) alld equation (loh).

u)

l,,

A

t

as

o.1

S'•ii

ostu

     Nee.

    ee

Ne. i:A 1:O"zt-tv e4

l.i'}•/L•

{rho"-er• lvl

N" t,:A cTkOtZt+"')

r{o. tAA trm,-WJ

e

TABL[E

ttt+t

     aavt                     l/Txle"
IFig. 17. [I]herir}oionie emissivity of two types of

     emlt.ter at varlous te41})eratUreS. .
        (T :temp. of emitter)

III. Activation er}ergy for cliffusion of Th in

  and that for reduction of ThO" on "SkX'.

Th O.

  Emitter's l

sarnple nuinber I

" [I]h C.>.--Zr-•W lr. enatter " ' 1{]h O.-NV " emitter

EdgTwwEev
i

l Edifr lEdiff-Eev i' .Err-Eev i. It"diR' I

l
N 1.3 A
   1.2 A
   3.5

i
s

e.788

e.c}36

O.887

3.78S

3.638

3.8S7

:
i

O.785 2.345
l

58.73

Er

5.345

                                                   Eev == 3.0 (ev)

   It cai} be consi(le}'ecl that these values a}•e gene)'ally smaller ehan

those ii'} (tase of diffrusion k] an orcli})ary cry$`bal, beeau$e thoria has

a serni-eonclttetor sk'uctt:.re with lattiee clet`eets. [EVor in$tanee, the values

for diffuslon oi" thorium atoms in tungsten obtaine(l by Ijangmuir (13),
]iioRda (!4) anCl others in case of bocly difFgsion, surfaee dliffusioi} an<'1
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it)tererystailine sur'face difi7usion•...are 1`9:OOOO, 66400 ancl 90000 cal/g'-

atom rGspectiveiy. To obtain the aetivation energ'y Å}ior i'ecluction of
tkoria on zir(:onium, inst-eacl of tungsten, the anthor is y.oNv e.ari'>rin.o,'

e.xpat'iment by means of seeonclary eleetron eniisgion.

5. Ceflelusieft '
   In shoyt,, zireoni{im in "rLl]hOL.-•Zr-'Si}9"' en]itter has a great ip.fiiienee

on t•he procluction ot' exeess thoriuiin atoms. By placin.cr it rmcler the

thoria to $upply impurity thoriun] .fttoms const•antly, the ope]'ation oÅí

the emittber is stabilized. at low `bemperatare, xvithout any spe-elal high
t•emperatiire lproeess whieh is inclispen,gable Å}'or " 'Ll]h02-"XL]V' " eniitter

to make emission.
   [IL"l}e most iri'iportant a,pplicalion Qf The2-Zr-'SLNi' " emititer xvili be

i'ound 'in magnetron or klystrolt whieh generates hi.crh peal< power .ftnd

reciuires the en]itte}' of low resib:tanee bloekk}g layer aRd oÅí hig}} ,st•abiiity.
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