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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

The systematic development of radiation heated cathodes for ion
pumps is prefent.ed°

The cathode described consists of a tantalum or tungsten disk,
which acts as an emitter;, heated by a suitable filament contained in

a heat shielding can of appropriate design.
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~Introduction

1 at the University of California

With the development of ion pumps
Radiation Laboratory has arisen the usual problems involved with the pro-
duction of electron emitting cathodes which will have reasonable long
life despite heavy positive ion.bombardmento The first approaches made .
to the problem consisted of the use of heavy filaments which could be
run in the positive ion stream. These were made large enough (1/4" dia.)
‘to make the running time feasibly long. While operating times of sixty
or seventy hours are sometimes obtained by such means, the time is still
too short to make the use of such devices feasible in a high vacuum pump.

-The present ion pumps call for a cathode which will produce an
electron current in excess of twenty amperes and present an emitting sur-
face of 2-1/2 to 3 inches in diametero Since large spiral filaments
soon develop hot spots due to erosion; it was early felt that a radiantly
heated emitting disk would probably produce a less fragile system. This
was tried and while other problems existed, the feasibility was demon-

stratedo2

The systematic development of such cathodes is the subject of this

report.



e © UCRL-1929

The cathodes herein described consist of a tantalum or tungsten disk

about thre ches in diameter which acts as an emitter. This is heated
by a suitabléﬂfilament which is contained in a heat shielding can of design

appropriateﬁto the geometry of the pump (Figs. 1 and 2).

Power Requirements

Power is dissipated in the cathode in the following ways.

1. Radiation from the Front Surfaces of the Fmitting Plate., This power

can be estimated upon the basis of the working temperature of the plate.
Figo. 3 shows temperature versus the emission for tungstén and tantalum.

Since the wofking area is about 45 cm? (three inch dia.) and at least
20 amperes is required, it would appear that the temperatures required
would be 2325° K. for tantalum, and 2550° K. for tungsten.

While tantalum appears to have considerable advantage over tungsten
it-is well known that poisoning.seriously effects this value and the
chances of low contamination in a cathode operating in an arc discharge
at: gas pressures of near half a micron are not good. Hence the énitial
deéign'was_based upon én operating temperature of 2500° K., even though
tantalum was used,

- _Assqming_an emissivity of 0.35 the power required to maintain this

temperature on the front surface is

Pi = AegTh> (app?o$o)

= 3,53 x 103 watts.

20 The Heat Shields. The effect of heat shields can be calculated by

suitable application of the Steffan-Boltzman iawo It is well to briefly

consider the mechanism of the shields since it diciates the nature of
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their requirements., Fig. 4 illustrates the situation that exists when
twolparallel infinite planes are held at temperatures T; and T2 when the
emissivities are 61 and '62 respectively., The total heat transfer from
the one surfacerﬁhrough the other is the summation of all the primary
and reflected radiation.
Thus all of the heat that leaves Tl per unit area is given by:
Q = o6t 1+ (1-6))(1-6,) + (1-€))2(1-6)2 + <« « o
+ oI (1-€)) [1 + (1-€)(1-6) + (1-€)2(1-€)% + - . &
and all that arrives is -
Q = €T 4(1-65) [1 + (1-61)(1-€5) + (1-€)%(1-€6)% + = = o o
+ 052?25 [+ (1-€)(1-6) + (1 -€)%(1-&)2 + « = o+ o
The net flux then is‘the amount leaving minus the amounﬁ arriving, or,
Leg-q

These series can be summed to yield the result3

Qe_ o L L)

S S T R

&7

If a series of n heat shields are introduced and the emissivities of all

surface are the same; the heat transfer is reduced to

Qn = =7 Qv
where Q is the heat transfer to be expgc@gd bgtwgeq_thé'initigl surfaces
if no heat shields are Egeqo_"?@uér§vrgduqtion of heat transfer to 10
percent of the non-shielded value dictates the use of 9 heat shields.
Upon this basis the losses thrbugh a suitable can was calculated.

2

The radiating area of the can used is about 93 cm®. ‘Presuming the inside

to be at the same temperature as the cathode surface (2500° K) and that
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the average emissivity of the sheet tungsten surfaces is 0.3, the heat
loss, using ten shields is

P2 = 570 watts (approx.)

3. Heat Loss Through Holes in the Shielding. Since the filament stems

must pass through the heap shields and one stem must pass through with
adequate clearance for electrical insulation, a certain loss is unavoid-
able. In the case in point, the stem bassed‘through a slot 1/4 in. wide
and 1-1/l in. long. The open area is approximately 1-1/2 cm?, This area
acts approximately as a black body operating at the temperature of the
inside of the furnace itself. Some reflection from the filament clamp
occurs, but is not easily estimatedb The power loss through thq_hole will

be in the order of

' Py = 335 watts.

4o Heat Loss by Conduction in the Filament Legs. There is always a

cerﬁain power loss dué té conduction through the filament legs fo the
water ééoled ciamp stemsoh This is small compared to othé;‘lbséés and
has not been specifically consideredo
From the foregoing»consideration the power required for the cathode
described may be)totaledo?v
| Emissife fac€osoesocoonsoo 3,530 watts
Shielding loSSccicscoccceces 570 watts

Leakage due to holes...... __ 335 watts
' Total = k,435 watis

Filament Design

~.Upon the basis of this power requirement (5 KW approx.) a filament

can be designed which will involve a specified temperature difference
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between the filament and the cathode surface temperature,

Since the indicated furnace temperature is 2500° K. a filament tempera-
ture of 3000° K. was selected as being és high as feasible from the stand-
point of filament 1life and as low as possible in view of the area require-
ment., In principle, the required radiating area of the filament can be
determined. Actually this cannot be:détermined>unless the geometry of the
filament and walls are taken into consideration,3 but it appeared that}inv
the case of large coiled filaménts‘or flat sheet designs in which the area
involved with filament was in the ordef of one thirdvthat of the inner
shield, the relation was cl§se to that of one spherical surface within
another. For this situation ihe hgat transfer is given by the relation

o= T8 (Ta* - Tzh)
_61:1+_ﬁ::12. (.é_ 2-= 1> '

where A is the area of the inner sphere and A, is the area of the outer

sphere. Upon the basis of a relative effective area of filament as being
about one third that of the surface it sees; then in the present case

5,73 x 10-12 (34 - 2,54) x 1012 )
: — = 69 watts/cm

Q =
1 1 1
o553 (o35~ 1)
or 14.5 em? per KW of power required,

A flat ribbon filament was designed, the effective surface of which

2 vefore bending., This surfacé is undoubtedly reduced in effect

was 77 cm
as soon as bending occurs so that radiating areas face each other and the
solid angle exposed to the cooler shields is diminished. The filament

rating without correction is 5,300 watts at the 500° C differential.
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'Ekperienée with the filament indicates that at.poﬁer input greater
than -about 5.5 KW it is quickly damaged.

Upon the basis of the foregoing information such.a cathode wastuilt
using a tantalum emitting plate and operated for a period of 336 hours,
wheréﬁpon it was turned off while still operable. The photograph (Fig. 1)

shows the condition of the parts after the run..

ggefation

o Actﬁai 6peration iﬁvélvéd net poweflinput to the.filament.#arying
from as little as 3600,wétts:to as high at 5500 watts. Part of this vari-
ation stems.from the fact that a certain and variable amount of enérgy is
reééived,By the arc itselfo Moré impértahtﬂ hdwever, appears.to bévthgt
variations from tiﬁe to time of fhe.eiectron emission characteristics of

the tantalum surface.

Temperature of Caﬁhode

| Since the required power consumed appeared to be approx1mately that
predlcted for the 2500° K. operatlon even . though 1t had been hoped that
operation would be obtalned at about 2330° K. some questlon ‘was ralsed as
to whether the discrepancy resulted from the tantalum'actually requiring
higher than predicted temperatures or due to failure of the heat-shielding.
In order to settle this question, temperature measurements were made upon
the cathode surface with én optical'pyrometero' The -results- are shown in.
Figo 5. It will be noted that the observed power input for a front sur-
face temperature of 2500° K. wés 4300 watts while that calculated in the
foregoing pages was L4435 watts. ‘

This evidence supports the view that under the conditions of the
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arc operation, surfacé coﬁtaminaﬁioﬁ is uéually éucﬁ that tantalum is not
much better than tungsten as an electron emitter. Further investigation
of this point has been carriedvoh through the substitutibn of a tungsten
plate for the tantalum. As indicated in-Figo 3, the requisite electron
current (0.5 amps/cmz) should be obtained at about 2550° K. and according
t; the results shown in Fig. 5 (the emissivity of Ta and W are very
nearly the same) the power required is about 4800 watts. Actual obera=
tion has shown that in the case of tungsten, for average arc'conditilons9
(12 amps at 3,0 volts) the filament ppwér required is about 4500 watts
with a makimﬁm recorded during any phase of starﬁing as 5100 watts. This
compares with an average value of 4100 watts and a maximum of 5460 watts
in the case of tantalum.

According to this information it is to be presumed that the tungsten
plate operates at about 2575° K. while the taﬁtalum must at times be

raised to as high as about 2610° K.

The ‘Thickness of the BEmitter Plate

Experience with the ion pump arc has indicated ﬁhat under suitable
operating conditions an erosion rate of about 0.75 grams ofvTa or W per
hour can bevexpectedc Thus the life of the emitting plate is determined
essentially by its thickness. Thus in order to obtain the run of 336
hours a tantalum plate having a thickness of 3/8 inch was used. In addi-
tion to this it had a button in its center as shown in Fig. 6. This
button was nearly gone at the end of the run, but apparently had had con-
siderable effect in lengthening the useful life of the plate.

As the thickness of the plate is increased the question of temper-

ature drop through the plate becomes important.
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An approximate calculation will give a notion as to the importance
of this matter. Since the specific conduétivity of the tantalum is about

0.73 watts/em/°C the temperature drop through the plate is

2
e = G o/en

and since the heat radiated from the disk is about 100 watts/cm2

100
t =209
& 0,73

= 130°C/ cm.
Thus the heat transfer from filament to the emitting disk takes place at
a higher temperature than calculated by about 130°C which means that the
filament has to run at about 3100° X instead of 3000° K. At temperature§
as high as this, the life of the filameﬁt is seriously impaired. For the
particular design of cathode so far described it would appear that the
maximum thickness feasible will be about 1=1/2 cm in which case the prob-
able life is 500 hours. It has been proposed (and as a matter of fact,
tried) that the tantalum or tungsten diék be replaced by carbon, since
the cost would be much less and the wear would not be seriously high in
terms of gram atoms/hour.

This, however, does not appear feasible because the specific conduc-
tivity of carbon® at high temperatures is very low (Fig. 7) and also be-
cause the thermal emissivity of the surface is very high. Hence to sub-
stitute a carbon disk for the tantalum or tungsten would demand that the
power be greatly increased (doubled at least), Furthermore, an inspection
of the curve (Fig. 8) will show that the gradient across the carbon for
temperatures used would be prohibitively high., This is consistent with
observation, for in all cases where it was tried, even with thin carbon

disks, the filament melted before satisfactory operation had been achieved.
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As pointed out later in this report, however, a suitable change in cathode
geometry has shown that carbon may well be used as an emitter.

It has further been proposed that thoriated carbon disks might well
be used. In a test run in which thorium was embedded in slots in the car-
‘bon, the thorium apparently had been geltea before opergtion was obtained,
Figure 9 indicates the situation existing. The filament lasted but a short
time, however. This aspect of the problem probably bears further investi-
gation, but certainly not without close attention to the facts here noted
and also with due regard to high vapor pressure of carbon at temperatures

likely to be used.

The Destruction of the Emitting Plate

While investigation of the factors involved in the erosion of the

emitting plate is still being carried on, certain aspects of the matter
appear to be relatively definite, |

1. Tests made to determine the effect of gas pressure at the cathode
indicate that fhe wear rate is strongly a function éf.this pressure, the
wear rate being about three times as much at 0.8 «¢ as it is at 0.4 o

2. Brief tests also indicate that wear rate is roughly proportional to
the arc potential. The effect of arc current has not been determined.

3. The material sputtered is redeposited in a relatively highly comsoli-
dated mass and presents essentially the same type of surface as the surface
from which it came. Most of the material is deposited in the region of
the cathode, paths being essentially opticalo.

Ao Erosion, whilé more intense in the center of the arc occurs ﬁhiformly

within a factor of two ever the entire area of the emitting surface,
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The Cone Cathode

It has been proposed by John Foster and others that the flat emitting
plate be replaced by a cone into which the arc must extend. This is §r0=
posed upon the basis that the sputtered material will, in part, be redepos-
ited upon the emitter itself and will be used sévergl times before it finally
escapes ﬁhe unit, _

Such a device hés been built and tested. The photographs (Fig. 9)
indicates the general nature of ifs structure., While mechanical difficulties
suggest some redesign, it performed very well and after 91 hours it was
removed for inspection. The cone was made of tantalum and showed a wear
rate of only 0,27 grams/hour which is three tiﬁes as good as experienced
wiih the flat plate design., It aoes not appear that any difficulty will
be encountéred in constrﬁcting such a cathode which will give at least
'IQOO hrs. of steady operatioﬁo

Sincé the effective thermal radiatioh area of the cone cathode is re-=
stricted to the open end, rather than that of the total surface area of ﬁhe
cone, the feasibility of the use of carbon becomes important. A calculation
of the temperature drop to be expected through’the cone if its average tem-
perature is 2400° K is about 300° C for a fhickness of 1// inch.

| Such a carbon cone, has been built and ﬁested by Bruce Cork. The same
furnace was used as in the case of the tantalum cone, Operatien was satis-
factory and the poﬁer required was less than 10 percent more than in the
run with tantalum. An indicated work function for carbon of 3.9 volts
appears to be applicable in this case. No new complicating factors were
encountered. Since the running time was short‘(four hours) further investi-

gation is indicated,
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Causes of Failure

Failures of the cathode assembly fall into three partially 1ndependent
categories, |

1. Excessive,pewer required due to poisoning of .the emitting plate, re-
sulting in filament burnout,

20 Fajilure of heat shielding due to pressure loading of the feils of which
the shielding is made. This causes excessiveApower to be used and also
results in filament burnout.

3. Emitting plate erosion which finally would demand discontinuance

of operation due to destruction of the filament and heat shielding.

The nafare ef the effects of peisonlng has”already been discussedo
It appears that the use of tantalum is of euestleaable value in—asmmush as
under conditions met in an ion pump, serieus p01soning is likely° Rﬁﬁs |
already made with tungsten plate emitters indicate almost no such effects
and the operatlng power 1s qulte unlform over long perlods of time,

Factors involved in the fallure of heat shields appear to be two-foldo
vGonstructlons which have allowed the shlelds to be pressed together, even
under loads of but a few ounces per sqo 1nch, have in due time, become ad=
herent and apparently only as effectlve as a 51ng1e shield even though they
1n1tially consisted of eight or ten layers of 2 or 5 mll tungsten sheet,
This occurred despite what appeared to be adequate dlmpllngo Shields
not dlmpled were worse in this respect than those in which dlmpling was
incorporated, N | |

A second factor in the failure of shielaswﬁas been‘tﬁe contaminatioa
of the shields through either the inclﬁsion of low melting point ﬁaterials

such as stainless steel from screws and other parts which had been misjudged
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as running at low temperatures. As soon as any of this molten material
gets on any part of'the*shiélds it rapidly spreads, forming low melting
point mixtures with the tungsten itself, Thé source of contamination must
be meticulously avoidedo = |

In this connec;ion it has been observed that if the tungsten shields
are allowed to come in contact With'graphife pdrts under a concentrated
load of more than a few ounces per ‘square-inch, the formation of tungsten
carbide soon results, It not only destroys the shield at the point of load,
but in regions of high.temperétufé (above 3000° K) will travel to other -
parts of the shield system in liqﬁid form and reduce the effective number
of the shields, |

The source of loading in the cathodes so far uséd has been in the sup-
port of the emitting plate. These plates were as heavy as 750 grams in
some cases., Resting this on the shields is not advisable although the
éhields must cover the edges of the plate. ©Small pins through holes in
the shields should be incorporated in the design.

Erosion studies are at this'timefiﬁCQmpleteo However, the possibility
of re-use of sputtered-material as in the case of the éone emitter suggests
that a tungsten loss rate of about 0.25 grams or less per hou: can be expected.

- The design and development of the cathodes here described has been
possible through the cooperation and the effortS'of John Foster, Warren
Eukel and Norval Parker, Automatic controls, relieﬁing'the operaﬁors of the
necessity of monitoring the equipment, thus making long runs possible, was

designed and installed by Marian Jones and his group.
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