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The requiremicntla of metals snd alloys for
cuthodes, anodes, ond grids nre prescnied,
and n briel ircatmeni of thermionic einjs-
aion im 1he coses of oxide-coated, thorialvl-
tangaten, and tungelen filaments is given.
Mecials anrd alloys for use in gloss-inetal
gealy are enumeratil, The lioclion of
getiers is expioined in conneetion with Lthe
exhuuel proecss. Trypes of photocleciric
Lithis ol their uses ace discussed.  Sili-
caled, sulfides, ond tunpgslotes are trenied in
lerma of persiatenee und color of lumines-
cenee when used fur fluorescent werecnn in
cathode=ruy tubes. Miveelluneour muoteri=
als and ports are listed, and clesning of
vasuunl Wwhe party iy discussed in termns of
mebhxls.

HE lerm “vocuutn tube” i3 used to identily s lorge

I variety of devices which bave in common an cutor on-
velope of glass or melal {occaaionally quartz), into which

ae ar mmere clectroded ort senled, and from which the alr hae
Licen mostly exhauatcd or haa boen replnocd by some other gas,
Mercury rectificra, gns-Glied roctifiers, high-vacuumn rectifiers,
nunplifiore, oscillatore, modulntare, detectors, photocloetrie
{ulws, cold-cathode tubon, ealhide-ray Lubes, iconosconea for
televidion pickup, vacuum thermecourdes used (or tncoaurng
emall slermeting currents, clectron multiplics, Jonizntion
gopce for measuring tha degree of vnocuum are nmong L
numerpus types thet ore mwde. " Elociron tuboe™ in a torm
contidornd eynonymous with “vacuum tubes': wnd the exs

pressinn *'thermonic tubes™ 15 applicable in ol gascs where the
primary clectrona are produecd thermally.

Filoments ond Catlhiodes

The parsage of electns curronts between the elestrexles of
vaculum tubes preduces effects which make theso wubes wseful
in varions wiyd; and the eathode is the honrt of the tube,
sinea eleetrom emission from this electrode Torts Lhe current
wlich determines the charaeteristics of the tubxe. The eathode
must satisly three requirements: The required rate of cleo-
tron omwission nuzt be wvailable; the cathode must bava o
satisfactory lile; mind the structural strength at kigh tempera-
turcs kst Be auficient for the cathode to relain its shapo.
Since the first two requirements are in opposition, carelul
choice of matorials and design ie noecssary,

Metaly for cathodes muat einil elestrony canily (low work
{uneticnu); must hevo fow vapar presaurea so 1hat evapora-
tion does not caure early fnilure; must bave high melting
poitits, low Lhermal eonductivitiea to pravent rapid heat son-
duction away frun the eathode, high tensile strength, and
stilfness; and muek nut fail by creep. Semio comaponsatinn
for Tatlure Ly moet theso requirements complelaly 1 possitle
Ly ehangoa of enthiod] e ghape——c. g., the use of riblon eathodos,

A bonted tungnten hlament wos one of the carle einmereint
gources of clectrons, and tungaton s gtill e filameat -
terinl in nearly all large power tules,  The wir miust bo pore
and uniform in propertics sosl dimensions. A lireal reduction
in dinmeler, for inslance, woull canse overheating and sibme.
quent burnout nt that point.  The vleetron omisdon eficiency
(omimgion curront por watt of henling joswer) inerrdces ng U
temperndnre inereased, Bul g evnpoomtion cale of baogsbon
scbe o tpper limike  In eedet o olioin greater emdsebon
officiency wilhout exoceding the sale opersting tomperatite of
tha filement, tanguten wire to which han been abded | to 2
per sent of thorn iz oflen used.  The cmission elllziency at the
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gperating temperature i3 incrensed about tenfold by this
malled. These flaments may be heated in an atmosphere of
hydroearbons, sueh ns acetylene, benrene, ele., in order io
form n surface laver of tungsten earbide.  Activetion, by
healing Dricly ot 2300-2500° ., rasults in the production of
some thortum by reaction between thorium oxide and tung-
sten: amd aulscaquent Yaging” at 1750-2000° C. permits the
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thorium to diffuss to the cathole surface (4], the nelive surface
layer npparently being about vne atom thick. Under aperat-
ing conditions {1500-1700° CJ) & small amount of metallic
bhariuie s always diffusing townrd the surface. The Inyer
of tungaten enrbide, having larger grain size than the tummicn,
prevents too rapid diffusion sud reduecs thorium eveporation
from the serfuce. Thorlated tungsten filaments necd nod be
carbonized and are sometimes ased without that treatment.

The use of very high potentinks, ns in power tubies, resultain
bombardment of the Gloment by gaseous iond,  These iony
romove bhoriem from the eabliode surface st n relntively mpid
rate, and For thig renson pure tungsten filnments are genernlly
used jn high power tubes, deapito tho higher cullade temyxera-
tire required nned the poorer elMicioncy obtained,

In mony cages it i necessury bo obtnin good enission at
relatively low temperatures, as in the ensg of receiving-type
radio tulies amd similer typea.  Unfertunotely, the Dbest
emmitlors havu melting pownts whieh nre too low Tor usc cven
it mich tubes. Cesittin g an exeellent emitter, as are barom
and steontiup; Lut the melting points are oo i, Towever,
tt funs Dosn foreend that 37 such moetnls gre nppliod Lo Che surface
al other metals, the evoportion id pob so grenl ng when theo
wecand melal is not present. Cestum inpy by deprosited uppn
silver of tungsten, anb bariom upon nickel, platinum, or their
allovs, A mixtiere of buriun nod strontium enrbowsles s
uscadly applicd to nowive of nickel or pickel nlloyed with sili-
gom, welindt, Tron, or tikanium, o to a0 wire af platinan alloys
eontnining nieked, ealindt, hodiinn, o tridium, At the opernd-
ing temperatore (TO0-00° O3 wene metatlic barim aned
atrottinim gee produced (83, and Whese metaly, inon layer prob-
ably about one ntoemn thick, act as e emiller, A sl
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amount of the active metals is prodluced continuously from
the oxides by cloctrolysis resulting [rom the flow of electron
eurrent [1}.

With tubes having cathodes heated by alternsting current,
il 19 uwunlly neecessary (o scparste the cothede cirewit from
the Leating ofreuit, which i= dane hy inserting & heater wire
inte a tubular eathordo, wauntly of oickel, coabed with Barium
wril stronbium ewrbonates,  An psulator of aluming, berylhn,
or magnesin separates the heater from the cathode, Tnothis
arranpement the cathode temperature 15, as before, 700-%00°
., but in ordler to attain this temperature, the hoater muost
rench 1000-1400° O, Tungsten is one of the meost usel
lienter matenals,

Requirements Tor the purity of enthade metal, cernmic in-
silalion, hoeoter wire, nnd the carlionates are specinlly strict,
A ecathode is eoadily “poisoned” by numerous impuritics.
The resultant poor emission does not became apparent until
ihe tule is practicatly eampleted. O3 and prease must Lo
remaved from all parts used in a tebe, gases must be removed
ns eampletely ns possible, and the tube parfa must not De
permitted to stand for any great length of timo exposel to the
ntmosphere,  In addition fo mnaintaining the purity reguire-
incnts, it is essontint that the physieal wud chemieal character-
istics of the carbonates be ¢ontrelled with extreme eare.

The Anoile

The anode (plate) is the secand mnst important eloetrodls
e o vacugent tube, sinee the electrons emittod from the
eathode rmmst e collectod by the awwle in oxder ta fienish
nubpul eirrent,  To keep the dimensions of the tule as smali
nas possible, Lwe thernnl loading of the anode must be as high
as passiliie. This stipalation places definite resbrictins on the
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(A rght) BrHavisg UAaTHones
The exterior surface of the
cathode =leeve 1= =praved with
many lavers of clectron-emitting
pmeadereal,  Ciread eoare s oxereised
to neantain uniform  thickness

of the rontine,

(Melow) Assevnpixa ELEC-
THOES 1 & ."'I-I!-: %0 ]{!-Ii‘l-_'.l_\'l:"q'l'.
Turne
The opwrator as=cmubles the parts
on 4 Jig whirh aligns and spaces
the parts while they are being
1.'.1‘|r{r‘L]

materinds which ean be usdl,  The heat
generaled by eleetronie impact ean, in small
tubes of conventional design, be dissipatid
“!ll_"u' .||:'|- r.'l'liil!;.“:I. "'!-'!l.l_'l' !‘r||il||ir_‘|‘_i:1r| -I:- ||l'|_r‘-
lggibalee, T thee ense of waler-eoole] talues
o oflers e wlhieh the anmle forms Jrart
of  the external eovelope,  eomduetion s
utilizes] for eowiling the nnesbe, sl paelingtion
1= negehiellie,

With tulw= of low
anmwlee is madde of nickel, iron steip, or
mekel-plated iron, When greater heat olis-
=tpgdiom b= peeessary, the nickel strip s car-
bonized o give it a eonting of nmorphons
nivl graphitic earbon, Where plate voltages
ntel opernting teiperatures nee high, the
Libserntion of gus Tromn thiese goenles weongled Tae

jeevier el [rr|I, the
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(fHelow) ARSEMHLING
™TiE EvLEcTnoxy (Gurx
oF A Catinong-IRay
Tivrre
The eleetrodes ane
plaeed on a special jie
which maintains ror-
reet  alipnment  of
parts during the as-
sembly procoss.
Alipnment toleranees
must be held within
a few thousandths of
an inch,



