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A detailsc analysis of voliaze-current curves taken in therm lorie clodes
can yield information concerning the ruechianisss oi operation. These incluce:
(1) evaluation of the emitier work-function; (2) evaluation of the coliccior work
function; and (3) the identification and description of the conduction mechanism
hy which electrons flow from the emitlor to the collector. I is importa to
anderstand ion procuction processes.

Based on the studies of Taylor snd Langmuir supplementad by the researcher
of Houston, the average properties of tungsten ln the presence of cesium can be
displayed on a readily usable chart. This chart is ade by piottin, the emitier
teinperature as the aksclasa, aad the ceslumn concensation leinperatare as tne
orcinate, with lines on the chart that correspond to consiant effective work
function values and the corresponding emission current capability. Bassu solely
on the da:a of Houston, similar charts have hecn prepared [or the properties of
tantalum and molybdenum. Or these charts, it is possible to draw a line of
demarcation, to the left of which an insufficient number of lone are produced
thermally to nevtralize the space charge; to the rieht, acequste ionization can
ne expected.

Houston has observed voltage-currvent characteristics of a ¢iode navine a
tanialum emitter. He maintained the cesium {einperalarve coasiant at 573%%
and varied the emltier temperature from 1415 to £27C°K. Data are available
from the Thermo Electron Engincering Corporation for which the emitter
temperature was maintained constant ai 1843YK und the cesium temperature
varied from 573 to 658YK. These two sets of data are analyzea in weiail and
it becomes evident that as the experizuental conditions are changed iroms the
"ion-rich" area toward the "electron-rich region, the need lo generate the
plasma situation prior to tke delivery of hizh current to the circuit is clearly
a comnpon feature of both sels of data.

Molive diagrams sre presented which show on a quautitative basic the
probable sheath structure at each electrode. sn analysis based on these
diagrams indicates that the arrival of electrons zt the cesium- coated ~ollecior
with an energy of 1 to Z volts resclis in an increased (on concentration. The
rmechanism by which such ions are generated with such low energy 2lectrons
is being investigated. As the emitter injection sheath cevelops to 1 ev or more
additional lons are prouuced in space. These ions flow back to the emitter
and steady-state conditions are associated with an appreclably lower emitire
work-~function than would otherwise have been availiable.

This report i desigaed Lo give a few examples cf the extent to which
detailed mechani: ms can be understood by the analysis of voliage-current
rarveg subject to ine availability of basic data that are now being accuni late
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Introd ction

a aelailea analysis of current-voltage curves taken in the operation of
thermionic dioues can yield significant information related to the mechanisms
involved. Two sois of data are presented, both of which were observed in
ciodee with a plane parallel configuration having .. tantalum emitters, Cesinm
was present to coal both the emitter and the collector surfaces and rocify the
space-charge distribution in the inter-electrocde space. The first study to be
digcussed depenus on Houston's! cata in which he neld the cesium condensation
ternperature constant and varied the emitter temperature over the range from
1415%K to 2270°K., The cesium condensation temperature was 573VK, The
second set of daty depended on gtudies maue at the Thermo Elzciron Engsinearing
Corporaticn and was supplied for analysis by Dr. Hatsopovles. For the stuay
to be reported, the emitter temperature was held constant at 1843%K and the
resium condensation temperature was varied from 5739K to 6G&amp;9K,

Thea first etep in the analysis depends on the availability of information by
which the work -fuaciien of {he emitter, vader 21! of ihe specified conditions
cf operation, can be estimated with reascnable accuracy. A new riethon of
acalysis of work-functien data as it applied {6 tungsten surfaces was pressatad
at the Round Table Uiscussion on Thermionic Processes snd Materials held
in Phlladelphia in January 1961 and was included in the Proceedings. Sines
that tiine, more detailed lnforniation has become available mainly through the
researches of Dr. Joha Houston and reported in the Proceedings of the
found Table Discussion sponsored by the Power Information Center and held
in June 19611. These new uata not only permitted a revision of the criginal
cisplay of tungsten cata but supplied information by which the properties of
casium-coated tantalum and cesium-coated molybdenum can be estimated.
although this report will ake use only of the tantalum data, those for tanzsten
and molybdenum are also presented here in order to make the: available 0
others who may want to use then in lieu of still wore accurate results which
it iz hoped will be fortheoming in the future. These three seis of cata ara
chown in the chariz of ¥iygs, © 2 and 3.

Litiear Plots of Work-Tune wv aL. im

The research resulis of Taylor and Langmuir” were analyzed to establish,
for a given cesium concentration or condensation temperature, the effective
work function of tungsten as a function of the tungsten teswperature and supple
menting these Jala are those of Houston. When this information is plotteu as
shown in Fig. i, lines of constant work-function are nearly straight lines ana
an analysis of the general problem indicates that such 2 result is not unreasonable

K This work was supported in part by the U.s. army Signal Corps, the Air
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The work -function values uscd to establish the location of these lines cepended
not only on electron emission but alse to son e extent ou atom evaporation cata
as explained by Tayler and Langmuir3.

It is to be anticipates thal in the entire area 0 the left of the "dash plus"
line, the work function will be equal to or less than thatIndicated by these lines
{t can be lower especially whenever there is a positive ion sheath formed over
the surface to inhibit positive ion evaporation frc.n the surface. This can
bring about an increazed coverage over that associated with the "zero-field"
condition. In the nigher tersperature area to the right of the "dasgh-plus" line,
the worr-function is likely to jurop discontinuously to that of pure tungsten i
the surface field is strong enough to accelerate ions away as fast as they are
producad, This situatioa is seldom realized In thermionic diodes and therefore
in the presence of ion space charge, work-functions in this area are realizable.
Again the true vaiues may actually be slighily lower than these shown because
most of the ions produced at the surface will be relurnad to it anc a steady
state {5 achieved only when the atom evaporation rate {3 equal to the atom
arrival rate.

Reliable dats oa the properties of tantalum and molybdenum ia the presence
of cesivla are still very scarce anc thereicre trig crinciziz of linear extrapclatior
has been applied to the Jata published by ilouston® specifically applicable to
the two cesium temperatures of 425 sud 473K. 4s aJdditivnal cata are obtained,
it ruay b2 necessary to relocate these lines alihough it Is auticipated that no
tra jor shill will be demanded, It is on this basis that the veltaze current
curves analyzed in this report will uge the data of Fig. 2 for tantalum.

~pace-Charge Neutralization
Both the production vate of ions and the electron emission rate from a

heated surface ia the pregeace of cesium depend on the temperature of the
cesium Teg, the temperature of the emitter T) and the associated effective
worg-function $1. It is therefore possible to establish a line across any one cf
the Figs. 1, £4, and 3 which divides the waole region into two areas. To the
loft of the line the electron emission fg tso great io be aecutralized by the
cerium ton generation that occurs at the game surface. To the right of this
semarcatioa line, sn excess of cesium ions forms a positive loa space-charge
sheath snd so perunits the full current density of electron ermission to become
aveilable either as a current injected into the plasma space or as a current
to be conducted across this space and observed at the collector. This liae of
cewmarcation iz shown on each of the figures by a dot-dash line.

Graphical isplay of Eoperiment.’ Coaditions
 igure 4 is a reprocuction of that part of Fig. 2 needed to indicate by the

get of cross marws and circles all of the test concitions fncluded in the studies
of Houston and TLE which are displayed in Figs. % and 7 and discussed in
tis report. It is of particular interest to note that most of the experimental
conditions explored lie to the right of the dot-dash line whereas some lie
very cloga to it or slightly to the left. It lg associated with these conditions
that one finds it necessary to initiate the plasma {orm of diode operation by
carrying the collector surface potential to a sufficlently high positive potential
to generate a good posilive ton emitter sheath which oitherwise would not be
oresent. Deiore this sheath i: developed, electron emission is limited by
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electron space char~e as wi'l be indi. it 1 in the next section.

AnalysisofHouston'sDiodeCharacteristics
The diode characteristics published by Houston will be used for the first

exainple. The data are presented in graphic form in Fig. 5. These experi-
ments covered a ‘range in emitter temperature from 14150K to 24700K, while
the cesium bath temperature was maintained constant at 5739K. The voliage
current curves shown were obtained automatically by means of a "X-Y"
recorder. The nine emitter temperatures, indicated in Fig. 5, are digplayed
hy "XY marke in Fig. 4

For the four hishest temperatures, neutralization takes place without
additional stimulation being needed to set up a plasma condition. The three
ternperatures of 1530CK, 1593%K and 16559K are definitely borderline in
this respect, since they lie so close to the demarcation line. A plasma
condition can be generated and maintained by first driving the surface potential
of the collector in the positive direction enough to sect up space ionization at
the collector surface to supplement the surface lonization at the emitter.
The details of this generation of the plasma can be worked cut in a plausivle
manner and will be presented as they apply to the emitter temperature of
1530°K. The analyses applicable to the next two higher temperatures follow
the same pattern and will not he given.

Over considerable range of applied voliase near zero, the turreni cooa-
ducted across the diode is practically constant and is therefore liruiled by
some barrier presuraably located 2.58 ev negative with respect to the eraitte
Fermi level. Figure 4 shows that the anticipated work-function was 2.4 ev
and therefore the bLidication is that la the immediate neighborhoesa of the
emitter there is &amp; 0.38 voli retarding potential for clecirons aad the seme
value of accelerating pulential for those lons that are produced and lajected
into the interelectrode space. Over the range of applied voltage of -8.7 wo
+ C.7 practically none of theee ions cal escape 10 becorne neutralized on
the surface of the collector bocause of the lon reteriing potential there.
A region of high conductivity and practically zero space charge will exist
across the swace. This wotive diagram is shown by lines A and D in Vig. 6

AS the collector surface poiential 13 nade wore and more positive in
passing from -2.4 ev (show at 53) to -1.¢ ev, the collector sheatn expands
somewhat toward the emitter 3g shown by the dotied line B of Fig. ©. aad the
drop in potential over this sheath increases. There is no appreciavle lacrease
in the current conducted because it is still limited by the motive barrier shown
to be close to -2.9&amp; ev. Under the concitions shown no appreciaple electron
emission will leave the cellector and no foi curvent can arrive thera. Aten
applied voltage cf 40.75 volt, the electrons that cross the collector sheath
bombard the surface with an energy of approaimately 2 electron volts. Elecirons
having this energy can produce cesium icns by a two-stage process of first
exciting the atoms wad then ieniziag thew. It secma improbable that there will
be a sufficient ion production by this process to neutralize the space charge
of the electrons that are arriving at the collector surface. It is therefore
assumed that some other mechanism for ion production must exist. The
hypothesis is roade that two-volt electroas can bombard cesium atoins wis
are In the process of evaporation {rom the collecior and create ions which in
the presence of an lon accelerating field can be injected into the interelectrode
space. Au experiment is now in progress desizned te test the valldity of this



pave -

Ion procuction by two-volt electrons vecomes copicus enough to
create a zero {leid conaition at the surface of the cellector. Injection of
additional ion modifies the lhwiting barrier of ~2.95 ev and permits more
el:ctrons to flow which in turn produce more ions and a runaway’ condition
develops. The space-charge limitation of current flow from the emia into
the space ia remoeved and an entirely cifferent form of the motive diagram is
created. This ls Hllustrated by the dashed line C of Mig. 6. The current
density can then rise to at least 4 a/em”™ or a toial diode current of 26 amperes
or more. Electrons injected into the space and others that bombard the collector
surface can generaic enough tons to maintain the giteation illustrated by the
motive clagram of line C of Fig. 6.

Houston in bls curves shows no detail concerning the variation of diode
current between an applied voltage of +6. 72 and the critical voltage of -0.2
volt. Presumably the total current remains fairly constant, although it is
anticipated thal mere and more ions will be accelerated out of the plasma
space to be neutralized at the collector as the surface potential is made more
necative. Again, a critical siwation can develop, at which the couibined
ionization rate of all of the possible ionization processes is Insuificient
to maintain the lon density required to continue the operation of the clode with
a strong lon space-charge sheath at the emitter. When this sheath is lost,
Ihwitation of the dinde current by an electron sheath redevelops ang the motive
dizgram reverts back wo line A of lg. 6. A return to the ezmission limited
vlerma form of line C can be sccomdlished by repeating the cycle described
GOV.

A gimilar analysis may be applied to the three higher temperatures of
18920K, 16559K, and 17259K. In all cases the shift to the fully vevalopea
plasma form of diode operation occurs when the electron bombardment esergy
at the surface of the coilecior exceeds one volt, “With the higher emitter
temperature, Jewer acditional ioas will be needed to change the operation from
oae limited by electron space charge. The fully saturated current ceusity
ran be at least 2 amperes per crac at 17250K,

At the tighest temperature included ia these data of 2276°K, the zero
field emitter work {unction could be expected to be 4 ev or slightly less.
Tueral ionization takes place and a strong injec:ion sheath ef probanly more
than 2 volis may be eapected? Over the range of applied collector vollage
more negative than &lt; voles, the rige in current is dominaied by the arrival of
electrons iron the plasiwa space and the logarithmic plot of the cata suggests
an electron termperature of epproximately 7, C0°K. as the surface polential
becomes more positive, there is a slight tendency towards “saturation,” but
the upward trend that begins al approximately -1 volt applied suggests again
the development of additional lonizatlon aad the suppression of ion emission
irom the emitter. These two effiecis lower the work function of the emitter
and provide a greater current than would be expected otherwise.

summarize this section, the following statements are made:
The estiraation of the effective work-function of a tantaliyn emitter
surface at 153C0°K in the presence of cesium condensed at 3730K
seems to ke consistent with that indicated by Fig. 2 and be close
‘a 2.4 av
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Ions s2em to be trapped in the laterelecirode space and thus
reduce the electron gpace-charge lnitation of current flow but
&lt;o not eliminate {t. The spacing is approximately 30 times ihe
mean free path.

4limiteddisplacement of tae collector surface potential in a
positive direction cxpancs the coliecior sheath but does not
resuit in az increage in diode current. The motive diagrams
Ly which this fa&lt;t is illustrated are chown by curves &amp; and I
ni Fig. 6.

When electrons are accelerated across the collector sheath
with an energy of appro=hmately 2 voli, runaway lonization
rakes place, fmmplying the development of a new rieans of
ionizaiion either as a two-step process la cesium or the direct
lonizatica of atoms In the process of evaporation from the
*nileceinr,
Nf [Ce va yy you - RR)Afiey a complete plasma
cevelops Loih si
Oy curve Lib

= set up al: lon space-charge sheath
~ ana at the collecior as Nust aie

TOE Current Voltapo Cure

ihe cata gw» lus mred In Fie. 7 were furnished by Dr. Hatsopoules
of tne Thermo Eleciron _npmeerving Corporation snd apply ip a plane parallel
Aims Frovusimer m AAT dh PE emmd mend wm - mE + ve 3
HOLE aving an area of 4,20 om* and a spacing of 3.2 x 12 2 cm. The
elnifler temperature wae waintained at 1843954 anu the cesium temseraivre
wuz varied frown 27991 to 6559,

aoe of the peciinent facia with regard lo these data are best presented
cy oaneans of Table 1. The various curves are identified by the leitere su through
[ay the ordev of increas WZ cesium eoendensadon temuerature. Those
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temperatures are listed in the second column. as the cesium uensity is
increased, the mean-iree path cecreases ana the third column of Tabie 1
indicates the approximate nuunber of measn-free paths between the two
electrodes of the diode. The data of Fig. 2 are used to estiinate an upper
lirit to the emitter work-funciion as inentionec previously. Unicer operating
conditions for which there iz a positive ion space-charge sheath at the emitter,
the surface coverage by cesiuin atoms is likely 10 ve increased somewhat
with a cerresponaing lowering of the emitter work -function. The values of
$i can be combined with the temperature T, of 1643°K to compute the estimarter
available electron e:nissicn capability of the emitter even though these current
densities generally are noi realized because of space-charge effecie. The
next column expresses the observed current density at an applied potential of
- 1.58 volts. Note that as the cesium pressure is increased, the current
celivered to the collector cecreases as would be expecied in the presence of
8 litniting barrier created by the excess electron eniission. The electron
volt equivalent of tne barrier which corresponds wo the emission indicated is
recorded in column 7.

Ingpection of iy. 4 shows thal at a cesium temperature of 573°K the
location in the ciagram iz sufficiently far to the right of the cot-uash line tc
indicate an anticipated excess of ions sc that the electron emission into the 4
plasma space should not p2 limited by eleciron space charge. The computed”
octential difference over this sheath, based oun the available information,
ls listed in the last column of Table 1. Direct observations of saturated ion
current densities woula serve as a better rueahs of determining the injection
sheath potential bul those data are not available,

The first curve to be analyzeu in cetail is that isentified by "A"
which corresponds 10 ithe cesium temperature of 573%K. it an applied
potential of - 1.58 volts the surface potential of the collector at § , should
have been practically equal toc the surface potential of the emitter at Sy.
The ouserved current &lt;easlty at thie applied polential was cnly slightly less
than that expecled from an emitter of this work-function and operating
temperature. The calculated gpace-caarge sheath potential aifference is
shown in Table 1 io be 1.2 volis. Since ions caanot leave the surface
because of the lon space charge, the effective work function is probably
less than that predicted by the data in Fig. 2. This increase in coverage
could lower the work-function froin 3.21 ev to 3. ev. The corresponding
avallable current density would then Le 2.5 afcm®. This density is achieve:
at an applied potential of -C.1 volt which in turn corresponds to a collector
surface polential close 16 1.37 ev negative with respect to the Fermi level
of the emitter. Uinuer thls condition electrons arrive at the collector after
having been accelerated across the cellector space charge sheath with an
energy of 1.3 ev or more. The continued rise in the curve which is shown
in Fig. 7 at an applied potentigl up tc +1.4 volts brings the current to 22.4 afc
For this current to be realized, the emitier work function must not exces
approximately 2.65 ev. The lncreased arrival rate of cesium {ons atthe critter
surface continues {to builu up the surface layer and ti:us can account for the
continued reduction in surface werk-function as hither and hizher accelerating
polentialg are applied.

Curve B of Fiz. 7 shows much the same characteristics as curve A
and {ts progress to 27.2 afc? is explained in the same wav. A new feature
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is exhibited In curve C in that at -2.35 a very noticeable enhancement in
the emission tates place fcliowing the alteration of the surface potential of
the collector by only 0.2 volt. The calculated ion sheath at the surface of
the emitter for this cesiuin temperature was ¢.91. There are approximately
4 mean-free paths in the gpacing and therefore if the motive diagram is similar
to that shown in Fig. &amp;, some electrons will arrive near the collector to
sroduce additional ions by some electron impact process. These ions would
then sweep across to the emitter, lower its work-function ana build a still
higher injecticn sheath. A new motive diagram expzcted with an applied
voltage of - 0.2 is shown in this figure as line 2. As the applied voltage is
made positive, the efficiency ¢f ionization liicreases and the I-V curve shows
the characteristic rise already ciscussed in connection with curves A and B,

Curve I exhibits many of the same characteristics as curve C.
A more positive surface potential of U.1 volt is needed and is equal to the
anticipated decrease in emitier work-function. Ilectrons of the sare energy
as for C start the gencration of the new supply of ions which return to the
emitter and lower ils work-function. At zero applied volts, the work-function
must have dropper close to 2.7 ev compared with the anticipated value of 2.9.
As positive potentials are spplied, ionization efficiency dug to brnpact
nhenomena in the neighborhood of ithe collector rises repidly to produce siill
more ion bombardment of the emitter which adds to the surface coverare and
lowers the worx-function.

Curve E starts its trend upward as the collector surface potential
reaches about -2.2 volts and the mechanisms previously didcussea seem 10
apply. at the next higher cesium temperature shown of 673°K for curve G
the icn production capability at the emitter surface is much tco small to
neutralize the available electron emission. The eleciren space-checge
barrier ig therciore maintained at approximalely 3 volts until an appliec
potentizl of -C.35 is placed on the collector. Through this augmentad
ionization the motive dlagraw of Fig. 9 suddenly shifts from that shown
by the solid line 1 ww that shown by the doticd line 2. The gevelopinent of
the positive ion sheath in the immediate neighborincod of the emitter wipes
out the electron space-charge limitation and permits an injection sheath to
form as illustrated by line 2. This situation is stakle for applied veltages
positive relative to  €.45 volt and under this mechanism of oneratinon at ihls
rather high cesium concentration an emission of 4C a/cm® is observed at an
applied voltage of +0.1 (line 3 of Fig. 9). as the applied voltage is made
more negative than - 8.45 volt, the plasma is unable to maintain itself ana
the electron space-charge limitation takes over to convert the metive
diagram back to the criginal form shown by the solid line 1 of Fig. 9. - This
transfer from the electron space-charge-limited condition to the plasma
operation is similar in many respects to that discussed previously in
connection with the work of Houston.

At the very high cesium concentration associated with a condensation
temperature of 658°K, the results are displayed by curve 1 of Fig. 7. Here
again space-charge limitation inhibils electron flow unless the applied potentla)
is made positive with respect to 0.1 volt. The motive diagram just before
the plasma is formed is similar to that of the solid line 1 of Fig. 9 and after
the formation the plasma, it should shift to the configuration shown by the
“otied line 2. This is stable for applied voltages positive compared to -0.3
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but at more negative sppilied voliages, the plaza form of discharge cannot
be malntained, and a reversion to electron space-charge limitation occurs.

Although a very high clectron current wight have been expected from
an emitter with suca a low work function as 2.4, a very large fraction of
the electrons that enter this space are presuniably returned to the emitter
even though the actual electron sroission is not limited by space charge.
In order to traverse the iiterelecirode space with practically no accelerating
fiela, many elastic ag well ag inelastic collisions will take place so that the
net drift current in the immediate neighborhood of the emitter can very well
be as low as 2 to 5 per cenl of the random current. It ig the random current
that can equal or exceed the emission current. As mcre and more positive
potential is applied after the plasma has been generated, the drift current
becomes larger wid comparison with the randow current and at an applied
potential of €.3 volt becomes approxiarately 59 per cent of it.

Comparison of Two sets of Data
A direct comparison belween Figs. 5 ana 7 shows that cne of the

irnporiant features that groups the various curves together relates closely
to the demarcation line of Fig. 4. Thus the Houston curves taken with a
low emitter temperature and a coustant cesium tetoperature are very similar
to those of the TEL curves identified by the letiers Gand I. These curves
correspond to a high cesiun coacentration and a fixed amnitter temperature.
The fact that in both cases the demarcalion line for space-charge neutralization
clagsifies the curves as well as ir does Is aa indirect indication that the lines
oi ¥ig. 2 can be taken as tie best available information concerning the thermioni:
emission properties of wantalurs in the presence of cssium.

The more detailed analysis of these curves (Figs. 5 and 7) repeatedly
suggests that increased ionization is associated with the arrival of electrons
at the surface ol the collector with an electron energy considerably less than
the ionization potential and iu fact il seeins as though electrons with energies
only lightly in exccgs of 1.3 electron volla can produce an increased supply
of jong. associateu with this lacreaseo ionization is either a reduciion in
the space-charge limitation or evel a conversion {ror an electron space-
charge-limiled operation to the plasma operation. Generally, plasma
cpzration results in a positive ion sheath at the emitter surface capable of
clectiron injection into the plasma space

Conclusions
It would be desirable to have much more reliable and well-established

cata for the determination of the emission properties of refractory materials
operated at high temperature in the presence of cesium. Inadequate though
the present dats are, they seem to be capaple cf giving at least a semli-
quantitative interpretation of the very complex voltage current curves found
by most observers.

still more confidence could be placed in the analyses if voltage-
current data were taken over a wider range of applied voltage. Specifically
it is cesirable to obtain data with applied voliages even more negative than
the open-circuit veltage. These data should be (aken with the collector at
various temperatures, first to establish the ion arrival rate under specific
rinitter conditions, that is, emitter temperature and cesium temperciure.
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The collector temperature should be low encugn sc as to reduce its thermionic
emission to a negligible quantity. After that, and with other conditions
maintained constant, the collector should be set at various temperatures in
the range for which the thermionic emission current is equal to ov even
creater by as much as a factor of 100 than the ion arrival curreat. Firom
these data, a good evaluation of the ccllector work-funclicu should be
possible. This work-function combined with knowledge of the ion arrival
rate serves as a direct measure of the drop in potential over the collector
sheath. With the emitier work-funciion known, a uirect aetermination of
the emitter shesth polential is then possible. Data of this type, well organized
so that spurious factors including leakage currents and the like. are elinsinated
can go far to improve the uncerstanding of detailed mechanisins involved in
plasma dioue operation. Significant improvements in perfcrmance will
iollow.
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Figure Captions, cont.

Digplay of esverimeantal parameters used by Houston and TES for

voltage current curves of Pigs. 5 anc 7 applicable to a tantalum

emniiter.
Houston's selevted emitter temperaiures represented bv ~

TOL cesium temperatures at constant emitier tewperatiures shown

oy circles,

! 1 ; * cw vy B Coop mtg ata ge R fone 7. ir J

Vola current curves [rors Houston
Pa ; 2

ciritior of area 6.05 ci

ohserved with a tantalum

NMiotive alagraws applicable to Houston's voltage current curve

taken at 153{"L.

Carve on fev applied potential of ~ €.7 for which surface poteatlsl

of collecior al E te practically equal to the surface potential of

the emitier ot £1

curve Ber applica powntind 40.7 with collector surface vowential

moved more podiilve 1.4 volte.

Curve Of emitter lon sheath foried alter critical point ix reached.

Veltage current curves supplied bv TLD. ses Table 1 for identification

5 conditions in terins of oo through

mmltier temperate coastant at 1545

EEas 4.2 cg

LOBCINLS 5.4K

Mioth oe dlovram applic

Cur.e i: agpliea voltage

Laove J appiled voltage

ajeciion shaath at the ewuitter.

Curve I: srong injection sheath with 2 reduction of surface work-fun tion

Liotlve diagram applicable to curve G of Fig. 7

Curve 1: gpere-charge limited emission a1 applied vellare of CL 36

before plasms fermetioa.

Curve dr alter plasma formation with applied veitage of - £.35.

ourve 3: hizh electron emission wii small, sositve potential applied.
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