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current density, 2g. 1

phgerved curreni, qe. 8

corupured current density {i oi! a), Bg. ©
Planck's constant €. 625 nn LU his joule-gec. #-

Belizmann's congweat 1.3% x 16757 joule day
leciron mass $9.11 x Thi hi, Lg. 4

rleciron charges 1.6 16°F cowlomb, Eg. *

emperature in kelivin scale, Lig. 4

aaiontial difference, Zi. 4
:leciron-volt egalvalent of temperature, Eg.

lode spacing, ij. 3

Fermi egergy lovel, ig. &amp; and Lg. 15

Electron affluity, Zig. 2 snd Lg. 15

Hetance, Lg. i
stance for 9%. 9 ver cent of work -fuaction,

Aeiance characterisilc of surface, 4.

coefficient in gq. LU

zoefiicient in Bq. 11

coefficient la ig. 10

costiicient in Eq. 10
permittivity of free space, 2.85 x 10 “2 farad/ru
micron or 16 6 ra, Table 1

true work-fuactios, Eg. 2

affective work-function, Xy.
rug work-funclion ai Tse 0, Bg. 10
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The test usually used 10 evuluate the cmpirical cons@ene of By. 12 wvolves

ae nearurenent of thermionic emission current from a specimen of woknowns

Sietwibuiwen in true work-foaction and unknown grea. The experimenior Gay

191 admit this and therefore he cheerves a certain tol2l current that arrives

Toin an ce ltter under a strong Field condition end aivides that current by the

superficial area of the evcitter and calla it the "saturation current. He may co

ls over a rang: of applied sollage and at cach temperature, plot tae logarithin

38 the current as a fanction of the swquars root of the vellage. He calls this a

senottiy plot, wl) The cata poinis generally do uot {all on a siraignt line

sw, hie choses some representation that he considers io Le siraigit over

sariieioat range to extrapolate linearly to zoro applied voltage. ‘The cu rrent

tensity thus measured is divided by the square of the lemperature and #2 7/2

GEA rither plotted as a function of V “3 Very often the resulting plot is

a straishi line over the lhmniied range in temperature for wilch the esperiment

can he carried throush. From the slope of this ling a sullahle value lox fn

3 obtzined, Any point on the line Tay now be used 0 compute a sseond

rinoiric al On tar © ~~ that io. 12 seems to take on the forms

|. i

Foy ws EY CoE a - yds bene rm eve ened 3 TE. 3? am,~~uy - 1.1 ” 4 {FLfn hie manger 0c fr pumnbers needed in Ba. 13 may be established, Without

cnn wledoe concorniny the details of emitter unormity i is not legitimate
Con B gm Eu Diy pd EE age Wnsty Sn Br pe 5 - de. wy ir eres bot a gr Le NY ”
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faevel ana the olectiron ansx Ly approximately "ais th of a micron away ‘ro

ne surinee,

». The effective work-fuactinn is determined hy the emission preperiies
Corlissany In anne

aah eraltter tcealiced as though it hed a {rue work-Dunction equal to the

sffective work -Tanciion even thougn the exact oistribuiion of rue work-fusction

saver the surface and the e28¢t arcs coniribuling effectively to the cboerved

=mirslon ars nol known.

3. The Richacduon Vork-Tunction ig an empirical conslant suliabls

‘or use in Dg. 13 as a weans of corrciating some chserved apparent current

donaliv daw with the fcanerature.

Sn re ETE eon! cree TN «FanEmitter ~-Colircior ve.  fathode- Anode

In conventional vacuuro tubes the ierrainoloyy “cathode,” “coatrol grid,
‘screen srid, | suppressor oria | and anode’ are sowie of the terms well

established by iradition. Furthermore, these terms ave in themselves

ronsistent with the dominanl faactica even though the cathode Is unt specliically

1 receiver of cations {positive ons) glace its more lraportant (action is to emit

slectrong. The anode, however, does receive nagative long if we ave satisfied

0 identify the electron as a negative ion,

In the dicue and especially the dioce used {or the direct conversion

of neat io electricity, ihe anplication of words Jpors Sr less suiilable toOQ +e i,

vacuurs tube terminology is scmewhat less applicant. when I prepared tiny

ariicle on "Thermienic Emission” in 1934-1555, it was my opinion that ihe

across Yemitter’ and “collector were more apulicabls since the predominant
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py thie clagram the erilcel scaling fron the averages motive in the Interior

ol the metal vepresents tho inetic saorgy ageociates with the raction of an

sloctron in the direction porpeadicular to the surfaces porrier, This direction

way be taken as the Tr direction ana the mative function then wakes on the

nerorelstion thai it represents the potenilal evcrypy of en electron. This

elievgy 5 a function of x only. Available electronic states exist anywhere

in the giagrass above the motive diagram line and the separation between

any chosen enoy gy state and the solid motive line ig ¢ cirect measure of the

kinetic encrgy associates with the motion fu ihe x direction. This diagram

noes 101 pavenil the display of kinelic eneyvyy aszoclates with wotion trans-

verse to the x direction. The Fermi Le. el we loentified py the faci thal in

yuantuin physics sore of the eacrygy levels are fully occupied and other

a-ailable levels ave ust conupled, The Fermi Level Ldeatifies that level

for which the probabilily of occupancy is 50 per cent. Ia general as ihe

coperature creases, the georvit Level relative to ihe wverage luterior

poLential ana identifled by the energy Vig cecreassr. It is also anticipatea

nail the molive sted represented by W a decreases with {acreasiag teropzraturs,

whither or not the rue work-funaetion Gecrenses oo inci cases depends on the

reraclve raves of change on Wy an Wo Toese remarks were mads concerning
i

Swe aoiive diagrasn in Tig. 2 ln order to give an illustration of iis uge.

Antier type of motive alagram is to be foune in practically ail books

related © the theory and application of vacuiim tubes. In thie metive ciajrans

the principal emphasis is on the distributionofpotential(ieatical with the

ra0'lve at large distances {rom suriaces). The reicrence in tals clagram at

 = Obs the surface potoatial at the emitter. The straight line represents the

solution to Laplace's equation for a plans parallel dioce of width w when

ing suriace potential of the collector is positive with respect to that of the

cooitler. I these suriace potentials are maintained and the emitter begins

to deliver electrons 10 the collecior, then toc motive diagram eh is as tie

:leciron current increases [to curve B irom eurve 4. any shift away from
curve A bmplies that thers are an appreciabla number of electrons in transi

 LO alter the oootive function. In terme of houndary cendiiticens of emitier



Dass Ih

canability sad temparaturs, apgemaiet has snown that it iy possible to

Wizla a solution of Poisson's equation consisient with a Hollzmann encrey

distribution of the elecirons and consistent wiih the equation of continuity.

This motive diagrara of Fiz. 3 has been reproducsd over and ovir again

nthe electronic ltarawure anid is familiar to practically all giudenis of tic

subject. The oriacilon fo it is that if dues not emphasize ihr ceed to know

ne wore -funciiog ei dg ewitter and the work-fundciion of ‘he collecior in

wrder to obtain o correct solution fur Foleson's ecuation voaslatent with

he requirements of the experivient, The motive diasrain of Fig. 3 supple

vented ag is &lt;lwwn in Tig, 4 satisfies all or the needs. Even though no

ange hes been wade in passing row Fig, 3 10 Fig. + in the nature of

ne mctive funclion in the space in between the emities und the collector,

mr diagram is now ove complete in that it shows cieavly tne value of the

applica difference © potentiel anc ls relarvion io the emitter work-function 3,
130 the collsctor worg-tanciion oe A comparison beiween lg. 2 and Fig, 4

Gey had some reacers to feel thal Pig. 4 is "upsice Sowa, © whereas the

real difference between thew is that the space pari of the motive diagram

 the important part and ils assocladon with the cuservalble applied voltag:

witly the help of the work-ilandclicn values combines clagram ¢ with diagram,
.

sien peceesgiiatzs the nversion of diagram 2.

Cie other vepeet is of lwportance in dlagram « whicsa is that electronic

enecry gates wll die below the heavy wolive line, _lnoe this disgrem can

alzo serve to descrive fhe potential energy ans kinetic enevyy of the nosleive

wos that might be present in a diode, the sailzment may be made that

aosliive ion siates ell He shove the heavymotivelise.Ligure5isasecond
#uample of a motive clagraw applicable to a plasma converier showing agala

thie main faciors needed {a a proper discussion of this Jevice and their Co
; F

relation to electrons, ions, space-charge sheaths, work-funotions, etc.

figure 5 shows qualitatively the distribution in motive {rom the surfac-

of the emitter to the surface of the cellector lacluding the Fermi level reference

0 these surface potentials given by thelr roapective work-functions. The

dagram shows the Fernand Level of the collector(0benegative with respect

0 the Fermi Level of the ewititer an amount V. i positive ion space

charge exists Loth at the emitier suriace ana ihe collector surface and

posliiive ions can occupy encrgy states represanted in this ulagram which

ie above the solid line. The clectroaic enerny siuies all lle below the solid line.
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