Anode Materials
for High Vacuum Tubes

Continued development of the high vacyum
tube has played an extremely importent
part in the development of radic com-
munication, Since the power output of a
tube is proportional to the amount of heat
that may be dissipated safely from its anoede,
the anode is one of the most vital parts of
high vacuum tubey especially those used
for transmitting purposes. Several materials
have bezn found suitable for the anodes of
transmitting tubes, depending uvpon the
requiremenis of specific applications and
ti'_lz type of cooling adopted; these ma-
terials and their characteristics are dis-

cussed in this paper,
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DE‘JELGPMENT of radio communi-
cation has been marked by a series of periods, each
of which has been the result of the application of
some fiew device of deviees.  Without any question,
the high vacuum tube is the device that has affected
mast. profoundly every branch of the art, Develop-
ment of the high vacunm tube has been continuous
from the time the triode first was used. Today
there are available in the United States tubes of all
sizes ranging irom the “acorn tube” to tubes capable
of delivering 100 kw of radio frequency power,
Tubes have been developed for many special appli-
catioms to permit the desired results to he sccom-
plished better, more easily, or mote cheaply., To
attempt cyen a hasty review of these developments
wortild require far more space than 19 available here.
For this reason the discussion will be Iimnited to a
meore detailed consideration of one phase of the de-
velopment of trapsmitting tubes, namely, the od-
vances that have been wmade in the desipn and eon-
struction of anodes,

As is weil known, in one of ite simpler forms the
vacutun tithe convists of a Nlaincut or cathode which
serves 18 4 source of electrons, o plate or anode, and
n grid congisting of & wire mesh or grafing surrounad-
ing the cathede s that it may control the flow of
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clectrons to the anode. The chief application of
this device is to amplify a-c power to the levels de-
gited. The action of the vactum tube amplifier may
be described as follows: The elecirical impulse o
he amplified is applied to the grid of the tube and
thus eonirols electrostatically the flow of electrons
from the cathode to the ancde. The energy re-
guired to draw the electrons to the anode comes from
a high voltage d-¢ supply in the anode circnit. The
power required by the grid to vary this clectron
streamn from the cathode to the anode ordinarily is
only & fraction of the power flowing in the anode
circuit: hence the tube i5 reparded as an ampliber.
Strictly speaking, however, the action of the tube is
that of a valve, the d-¢ power of the anode high volt-
age supply being converted into a-c power in the
load. . The efficiency of this energy conversion is
never 100 per cent since there always must be some
voltagze drop between the anode and cathode of the
tube, and hence somme loss in the tube. Quantita-
tively, the energy loss 13 equal to the average energy
with which the electrons bombeard the apode. - Asa
result of this bombardment the anode becotmes heated
and assumes some temperature at which the thermeal
loss by radiation, convection, and conduction equals
the energy dissipated in the anode.

For any given tube thers is a maximum amount
of power that can be dissipated saiely by the anode,
if reasonable tube Life is to be abtamed. Then, as
the conversion efficiency is determined fairly weil by
the mode of operation, it is seen that the a-¢ power
output of the tube is proportional to the safe anode
dissipation. Thus, in transmitting tubes, the anode
dissipation rating 15 ofe of the tnost important fac-
tors in determining the amount of power the tube will
deliver.

Anodes may be classified according to the principal
method of cooling emploved. Im some types of
tubes the anodes are cooled zlorost entively by radia-
tion, in others by convection, and in the third type by
conduction.

RanTaTIiON COOLED ANODESR

Historically, radiation ecogled anodes were the
hrst developed, In this type of construction, the
anode is operated at some fairly high temperature
and heat is radiated ditectly by the anode to and
through the plass walls of the bulh, It has been
ticeessaly to design such anodes to operate st fairly
high temperatures in orcder to dissipate reasonable
amounts of power in anedes of the site demanded by
the electrieal charncteristics desiced of a tuba. With
some types of pnode materials it hos been desirable
lo operate at temperatures as high as 1,000 degrees
ccntigrade.

Cperation of anodes st such high temperatures
immediately brought up o host of problemns, Tne
ol the most hwportatit was Lhat presented by the
iiberntion of gascs from the onwtle.  All materials
suitable for onodes contnin guses it the raw state,
These gases are mainly hydrogen, nilroges, earbon
motioxide, and cuwrbon dioxide. They are present
throughout tlie body of the malerial, When the
materinl 38 heated {0 e vacunm, these gases ure liber-
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ated at a varying rate, depending on the tempera-
ture and the time of heating. The major porticn of
these gases must be driven out of the anode during
the manufacture of the fube 30 that in subsequent
notmal operation no appreciable amounts of gases
are liberated. Residual pases in vacuum tubes be-
come ionized under impaet by electrons.  If enough
ipns are penerated in this way they partially nen-
tralize the electron space charge that limits the fow
of clectron current belween the cathode and anede,
Inereased curreot then flows throuph the tube, re-
sulting in greater anode healing and more rapid gas
liberation. This process quickly may become cumau-
lative and lead to an arc discharge between the
cathode and ancde.  If the tube be not-protected by
averload devices, such a discharge may result in an
abrupt tetmination of the Jife of the tube by the
melting of the cathode, grid, and anode.

The gases contained in snodes commonly are
drivest oll by heating during one of the Jast stages of
manufactire, The assembled tube is sealed to =
vacitum system where the glass bulb can be baked out
to free it of adsarbed gases. The anodes are heated
by 2 processes.  One method Is to apply a high pesi-
tive voltage to the anode and borberd it with elec-
trons from the cathode,  Another methed is to place
a coil carrying high frequency currents arpund the
glass bulb in such a way that the anode acts as the
short-circuited secondary of a transformer, The
induoced currents then heat the anode.

Anathet factor that is important in the choice of
anode materials for radiation cooled tubes js the total
heat radizticn emissivity., Itisdesirable to have this
approach as nearly as possible the ideal of a black
body, since for a given anode and ancde operating
ternperature {determnined by gas liberation) it per-
mits the highest dissipation rating. At st thought
it would appear that the size of the anode could be
increased ta get the desired dissipation rating in the
gvent that a material of low emissivily were used,
However, this wounld result in an inerease in the clee-
Irostatic capacitances to the other electrodes of the
tube, Beeeuse of the definite trend to higher fre-
quencies in radio communication, it is absolutely
neeessary to keep interelectrode capacilanees Lo a
minimum so that capacitance charging currents,
which of ¢course entail losses, ean be limited to rea-
sonable values.

A third et of factors in the choice of gnode ma.
terinl consists of the mechanical properties. The
material must be capable of being worked inlo the
degired shapes without undue diflficuity or expeuse,
It st inaintain these shapes ot the highest tom-
peratures necessary during the manufacture of the
tube, Quoly u very smnll emotnt of worping can by
solerated at the nornal anede temperature as worp-
ing results in a change of clectrical characteristics,

A [ourth factor is the vapor pressure of Lhe anode
materinl,  Thig must be low cnough Lo avoid notice-
ahle metaflic depasits in the tube during maneine-
ture.  Deposits on insilatory in o tube ney resalt in
exeessive Jnlerelectrode leakage or excessive rielio
frequency losscs in the insulators.  Leposits on tlie
glass bulb result in higher glass tepiperatures, be.
viaee of inerensed radintion nbsorplien and radio
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frequency losses, and may lead to gas evolution and
strain cracks.

One of the first materials used for anedes in radia-
tion copled transmitting tubes was tupgsten. A
typical 250 watt tube made commereially about
fifteen years ago had an anode im the form of 2
sheets of tungsten abont 13/, by 2/, inches arranged
about the prid. From the standpoint of gas content,
vase of derassing, vapor pressure, and meintenance
of mechianical shape at high temperatures, tungsten
is a fzirly desitablc material for anodes. It has been
found that the initial gas content of tungsten is of
ihe order of 1.4 per cent by volume. The main
constituent of the evolved gas is nitregen, zltheugh
there is considerable carbon monoxide and some car-
bon disxide and hydrogen. The absence of oxygen
undoubtedly is attributable to the ease with which
this element combines with other elements, such as
carbon.  The major portion of the gas is liberated
by heating to 2,200 degrees centigrade; ne further
ras is evolved by raising the temperature to 2,600
degrees.  Such high anode temperatures, however,
would be difficult to realize in actwal manufasture
of tubes.

Tungsten has 2 serious disadvantages: It is es-
sentially a very hard metal and conseguently difhi-
cult to machine and work into the desired shapes, and
its cost is high, Beeause of these disadvantages it
spon was displaced by molybdenum.

A study of the pases evolved when melybdenum is
heated in vacuum has shown that to degas this ma-

Fig. 1. A T5 watt tube
with carborundum
blasted molybdenum
anade formed with in-
teqral cooling fins

Lerial completely, it is necessary Lo leat it to o tew-
perature of 1700 degrees cenligrade, as compared
with 2,200 doprees for tungsten,  In o Lypical ex-
pefiment the total gas evolved was 5.6 per cont by
voltttie, that {s, nppreximately 10 tiioes the volume
qus content of tngsten.  The varions coustiluent
gnses nre evolved ol varving rales,  Plios wlien de.
rassing i3 carriecd ol 800 degrees centigrude the major
portiott of the gus liberaled 5 carlan monoxide,
while at hirhier toperatures the pos evolved s
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maostly nitrogen.  In heating at 800 degrees anly
about 15 per ceat of the total gas in the sample is
driven off, Further beating at 1,000 degrees con-
tributes another 15 per cent, By raising the tem-
perature Lo 1,200 degrees il ie possible to drive off
about i} per cent of the gas i the sample.

In actuzl manufacture it is nsually net desirable
to use such high temperatures as the foregoing indi-
cates are nwecssary for complete degassing of the
angede, as the rate of evaporation of the molvbdenum
beeomes high enough to cause deposits on the glass
tully and on insulators, Fortunately, complete de-
gussing 15 nol nocoessary bocause, regardless of the
temperature at which depassing is carricd on, Lhe
rate of gas evolution can be reduced to a negligible
vaiue by operating the ancde at a sufficiently lower
temperature.  Long manufacturing expericnce has
shrown that molybdenum anodes that have been de-
gassed al a brightness temperature of 1,300 £o 1,400
degrecs centigrade subsequently can be operated
safely at tomperatures as high as 1,000 degrees.
Yurthermeore, a wmall amount of pas evolulion van
e tolerated il the tube conlains aclive geller”
which will combine with or absorb the gases as fast
as they are generated,

Wilth moelybdenum anodes ways and micans soon
woere sought to decrease {he temperature for the de-
sircg] power dissipation.  One way adopted was by
the addition of fing which would inerease the radiat.
ing area of the anode. It was {ound desirable io
make the fins out of the same piece of metal as the
anode hecause of the poor beat conductanee between
2 piceces of metal brought togethier by some proccss
such as riveting.  Later it was found that the radia-
tion cmissivity of the anode eowld be increased by
rofighening the surface by carborundum blasting.
Figure 1 shows a 75 watt tube in which both thes:
methads 1o decrease anotde temperaturs are caployed.
‘The anode is made of 2 strips of molybdenum folded
to form radiating wings integral with the anode.
The whele anmde assembly then is carborundinm
blasted. This anode is shown al Lhe left in figure 2,

By these theans, the safe dissipation of muedyhidenmm
anodes was increased, thereby partly overcoming the
Iow rudiation emissivity characteriztic of the metal
However, it s still desirable to operate the anodes
at foirly higlh temperatures, sometitnes ay high o
1000 doegrees centigrade, 1o order to keep the anode
tdimtengions small.  These highet temperatures result
1 another and nndesirable effeet, largely in Lubes
cmploving a Mat Cype of construction,  The appear-
ance of ol spots on the anode 15 cominen in such
tulws, even when the construetion is peefectly sym-
melrical, and s altrbutable to the {act that olee-
trons attempt Lo trave] fromn the cathode Lo the anody
i lies notmal to the anode surface. With auode
Liricknesses commnonly used when the malerial s
molyhdenum, the cenler of the anade ustadly operales
at a wisildy hirhor temperatyre than the edges,
This Genperatore differenee produces warping o
hoeklitge, amdd gonsequently the eleelricat oltaracter-
isties of the Lebe are solygeet Lo chaoge, To over-
cortie Lhis in anodes of flut construction, It sometines
[ras bevn necessary to resort to claborale constructlinns
tstig clanne] preces Lo give additional stroaglh Lo
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those sections of the anode operating at higher tem-
peratuyres.  In anodes of circular construction, the
heating produced is much more unifonn, as the elee-
trons flow from the central cathode in radial Mnes.
In such angdes, the problem of warping gencrally is
solved adequately by ridges pressed into the metal
when the sections of the anedes are formed,

From & mechanical standpoint, molybdenom i=s a
fairly satisfactory material. It does not spiten or
anncal gven at much higher temperatures than arc
used during degassing.

Another material that has wide application to
radiation cooled transmitting tubes is graphite. In
comparizon with molybdenum and tungsten, typical
graphite samples suitable for use as anodes contain
comparatively large amounts of adsorbed gases.
The volume content of gases may be of the order of
10 Limes that of molybdenum; this is exclusive of the
gas irapped In the cavities of the graphite.,  In addi-
tion, the volume of a graphite ancde may be of the
arder of 10 times that of an equivalent metal anode,
resulting in a 100-Iold increase in gas thal must be
removed froin the anode in the exhaust of the tube.
By suitable pretreatment, the gas content of the
anode can be reduced very greatly, One method
consists among other processes of heating the anade
to a high lemperature in a vacuum furnace. It has
been found that at 2,100 degrees centiprade it is
possitle to degas graphite so that subseguent heating
at & higher temperature gives no further gas.  As
with nolybedenum, the gas evolved, especially at the
higher temperatures, is mainly nitrogen.  An unede
that has been degassed completely, reabsorbs only
a [ruction of the gas it originally contained if stored
wider proper conditions. In actual exhaust of a
tubc containtng sueh u pretreated anode, (he tme

Fig. 2. Anade of lube shown In ngr-r. 1 {[aft} and
a typical graphlle anode used in a 59 wali fubs

{rlght)

requiced for completion of the depasking is nat ek
different fromg hat reguires! iy a ey ixletiinn nnode.
Aatin 3t is foumed it 30 the anede iy degnssed at
SHTC Even mperture, e ente of gag evolulion
e T rechaectd tooo negligilile valoe iy dropping the
temperatnre o somte inver value, Inoa Wepical tost
He degssing was carrstl on ot 100 degrees conti-
prcde; onodropping the lemperalure o 1,004 ole-
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