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EE tA JUREALPJ IVE SE TLBENBOIE SEC SE NR Io Tyree ba
vba a Va eh a a ; vob, 1°. Avie

TLoe wn
(oT te LE

aloduetd

in Lecoiaber 1950 the problecas of the TP aninamiasice Soa CARD eegy
Converter” vas Cescorived in DUH i2ient Sarat? oo thar he siren of the 8021

class i Phesical Bleciroaics cond nncirze i The detailed deserintion hae
been made availabls to the siadenis nnd ar Unga cording his veport not in
class £21, the weocriziion iy atlach-d, On pags i tie {vst reacivrement is
to give a word caalyais of the prodlein indicating how it skauld Loe ctiached,
The first port of this repori Will Lerefore ceantiiute an cnsees of ie ivpe
expected vnder the heading A. Foilowiag this desoristion, ihe sortiiod cetline
will be mretingd ron=tiintivaly to ansrer io cuestion ender heaoing [3, The
final »-~ = Toomey to beading

toyAnatu-:

"The at is going to be given here will donend on "optimistic"
asstapticns. Wr the final analysis some discussion will bo incinded to iadicate
reugnly how very optimistic (he aume vical answer anlar Sectipa I is likely
to be. The solar radiation curve shown in Fig. &amp; depends on tho analysis of
F.5 Johnson. This curve must bo converted fron ons which zives quanta
per square cenilimeter per second Jar a enit zanze in wavelength to another
curve which gives quanta per squate centimelor nar gocond for a wait range
in erergy. This curve is shown in Dig I oaad numerical values are given in
Tabla 1. The cpiirmistic analysis wii! first asso thai all of this radiation
is delivered in some manner or oll or to ‘he j.owmcdiate neighborhocd of the
pudtoemiassive gurface, Thiw is oriizoistic for three ronsong: (13 2 certain
aroount of the radiation will be abs yriad fg il posses through the cesium
antimonide sougi- tragsparent sarface. {2 Ji sore Ring of "transpag ent con-
ductor, such as tin oxide, is bolweon te cesium antirsonide and its suppaerting
surface, thea the transmission of tig material as a fuaction of Suantum energy
must be considered: (3) Furthermore, if the frazibility test is to be made | a
glass envelose, the transmizsion Crrracterisiio of the glass envelooe rust
also pe incluled.

 will be conveniznt in the analyeis 7 ow io have some s vol which
3 3 the Me IFO {wim mryby aise dl! NE ; F Lr o~ .represents th “elaets oit=voli-eguls alent of auniium 2acrey, Equations | and 2

serve to Hlugirais the definition of ba avinha! 5

1}

(2)

In these equations bk is Pleneh constant. v is the frequency or tizht, ¢ ju
the elarge on on electron, cng © the voltage equivslent of the quantum
characterized hy the frequency v. With this cyrabol ia sind, ths following
functinn Yepreseniagymbolicsllv th: sclar quaiita delivered to the effective
emitting surface ia quanta per Trtaie centimeter in a second for a anit rang:
in encryy.

tT aont: yp —ge NC TITYP
Crh sQoC-uprit rar a "a Gy

{2}

i this equation P{v) ig the soiar energy distribution stown in Yigg. 3, whereas
Sv. is the transroission coefficient as a function of auortum eneeey which jo
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the optimistic analysis ia akon © =~ or

ficantly less than unity,

The second item of factual inforivation neods 1 tha nrnaban 3010
responge characteristic of ithe photoceraissive ¢opfao, Ther de ro solos aly
accepted curve that representa the Guantars yield dam Sop envio contin
The curve which will be used for this analzsis Ig iron Arkaos, nln sac
Dickey referred to on page 1 of the problem peonasal ond hoon by tee loe
as his Fig. 4¢ This curve is reproduced in Clg Coaad in pore old we Lp
generalized symbol RV). ‘The reader shenld Lo pos feos a LANDY snr
yield represents ihe saturation eraizss on from a phorosm foo ar a fraeion
of the quantum energyandthereforediesoolFepreerlWevicldwhiehcpono
obtained from the surface in the preseace of 2 retarding inv, Ta ology oor,
the energy diztribation of the electron: as dey arc cwibitrd Conn hs Lane
must be taken into consideration in ca‘culating ihe trancyi- fen 7 0 Dio
electrons over some barrier whether or noi that ig cre Coe Chaps
or is the result of the application of re tarding potenti © ean Tov tac
photcemissive solar energy converter

The curves shown by wWeissler in us Fig. 30 ere er~wul-~ “muy bp thy,
the number of high energy electrons availanls from a crs ape a oy fa
is in reality quite small. Ii will be an optimistic aspreac™, vd
we assume for the purpose of this calculation that ihe eo - a
uniform rather than rich in slow elecirons

Details of the band structure in the neighborhood of the sucfano a a coniom
abtimonide photoemissive unit are not well eztablished. I is thin ~via o1g
opinion that the manufacturing process carried throusi to oavimiss the
photoeleciric emission from such a surface leaves the intaricr miaterinl
P-type in that there are a small number, perhaps nol more tian 12 ox 20
per million, of the cesium lattice sites which are not occupied and hore ore
represent acceptor centers which create a 'p” ivpe of semicons clon. tlie
immediate neighborhood of the garface, presumably rol move hen 6 or 14
atom layers deep it is assumed that excess cesium converts this region inion
"n-type’ material and that at the borderline these two types ther? is a "huiit-
P-n junction which accelerates electrors geaerutsd within the juaction by ihe
absorption of light energy tnward the surface and this aceouilis aaziitatively
for the high photoelectric yield ¢f this compound. In auite of this cornnlonity
it is nevertheless the true work-functicn defined as ihe er2rgy difference be-
tween the Fermi level and tae surface potential that dateroines the dictribaiior
of the motive field in the space between the emitter cud he ccllecior zlecirodas
system. It is assumed for these calculations that tiie true work-funciios valus
will be 1.7 ev. This value cannot be determined in the conventicanl manner
by assuming that it shoulg he equal to the absolute rai iroum cuannivm {imit
sometimes expressed as the long wavelength init” of the cuvfoce. The pre-
cise choice of 1.7 is therefore arcitrary apd could bo in error DY OANDTON-
mately + 0.1 ev. This true work-function will he iiznlified by the symbol by

In the configuration described by Fig. 1, a retescing poivatinl oxists in
front of the emitter which depends not cnly on the out nt valiapge of the enzrey
converter but also depends on the two coordinates 3 wd vo Th: x coorainnt
represents the distance away from the cmitier surface, and be vv coordinate
the distance parallel to the surface but perpendicular Lo the 2 direction vhick
is taken to be along the axis of the collecting wires. Thus tho roiontial
function between the emitter and the collsetor depencs an thr (hraa variarles
X. ¥. and V where V is the diffarencs in potential Sotvieen (ha Dormi Iaaal
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‘ cn ” : ot &gt; . a: PY 7 -~ Ly wr I ow ou we fT wy wo oad IR E, ” .: Val J Lonny
PROUD JONINCILOT on gli aor ine pint we ISH Be 20Z ALLL rE Ll phiovwmn

gaat Te dy ie Baie sonoooenta the mae Pl Fle ats Teerien
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side of thir i we ae, the ficll salting on the cloeiren ir catnyning, hat ie
I Ey Te Ml man tet Bo dign +5 J. LS “Ty SY wm, wad L. ht. - 3 = I Dl wed SL wo

 ted 0D SEG LL ack LO XOLD Dasiliog sD LL PloOoGae= 000 Siva Lg Lin FLO,
ex ficid aceeloratos iho locivoa on Led way. IY an siooliron ouovsos ine
riage fine then the motive field hare fends 10 cay cy iio eos no ibs esllector
Wires. Along oe rides line shou Ly he dows ba Zip Tn tha sotia funetion
hes the winheun vetarding alas oi 1 ox el canto dae and bas ils Lighest
retarding value 3 it interzorag wih iho fica vori~feaction 1nt-baned face of
the collecting rid ayoism shows boo io hove a valves of 4 ow 4.7 ev. The

Cacksile of thic curines ig Charasta dae BY the or ire tientle jo sork-function
tor eeaiucs silver ouide of 1.2 av.

for all values of the culpul poionbal the motive function Jor un electron
at the vidoe is alvave Iowest at owl, acd rises crnnmetricety from this
value ina both the plus and the mises wiveetions of voantid iD ndorosects the

AW PE RE oo a i we og Oe Bu . lr. ee . w ni uy 5? 2 oy graBSR2surface poicitial of the eoliccior at ihe corresponting value of wv identified
eve 2s yo. Ag wnpldying ssewantion which i 0 be used ta ihe calculations
is that an clectyon which orizinaies al ome point yy as shovn in Tis. Ba
wil have [oo teaverze tre rid Je noisn int at ths corresponding oind indicated
I the dia:ram Ly the 2ozli circle on tee dotted line, This acsa mption clearly
igrores tha s'atiziical naturs of ho molione of clecivons which leave the
ew itter with wransverss Ccorponis of mormcntuw, It alzo icrores the fact
thal an eloctron wiih crivinates at yy, will ba aziag upon by iranaverce fields
If this aporoxiraaie anaiyzie dicated vat a phoicersisaive cuerey converter
were ei all Hiwely to Lo a worthwhile co vice, then moans are avalanle for the
meye corvect vesiddantion of oleston trajecinries and this click ily erroneous
3surnaiicn could he remove” from (nn anal¥sis. Ve will defiae a syinbol Ve,
wia.eh ito rorresent the rides Booivtial for au sleciron at any distanas y Irom
(he cenier line shown in FIZ 0a, TEI Toten isd is ralative to the © a0 ce notentia
of the cmiiior. Tho total rangz of Latevest 0 feo wv = 0 to yo

Vill this descorintion of the Svailerin to be wood ike followias SMpToReion
Gives the clecizron current per anit cro avalable from a small dle Cw the
suriace of unil length in the 2 ir Mom an of willy dy at y. Frye
quasine energy race Latween vo ooo Ts Civ). Ia this exnresgion .
hall distorns between tho ceers "7 manlloetor wien. ;
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potcntizi al the ric2az ar a Jactiva © the znalied potential used in their
exiorirnent and Jegirnated a3 Vi. These dala cre plotied az shown in Fig. 6.
The straight line that represen hove data is identified as “center ridre.

‘ - ne

A zecond straight line on this plot is thal ide tified as "eollactor surface.”
It io aor agsumaed that an 2 fonction of He variable vv ihe other ride values
will lie alse on otraishi linea that Jalil Lotwern theae two limits. The straight
line chosen for ecual neramenis inv are lao olotied in Die, &amp; A reanalysis
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The reader oe be remind Coed Vio ave Juanciiops of vo ooply,
and opelores oy armpenaien Fo Te ne ine isvance in potential hetycer
tr saree oF the sn llier and the ride pil iovar-Jd at a gpacific vale of ov
for any chogon valine of applied notential VV. fhe {of that the toe munntities
oy arc Wooo row nil enough representzd hy es quadratic function of vis purels
20 eraniricad rosull hich azsizte in the inde oration oo be worlizd cut later.
Ciennically the fuasiional conenconce 0 chown in ipo. Va and Yb.

Tmangriion of Tel 5 shows that cpg of tie stens ia the procedures iz to form
tho produnt ong we wateh bo 2 YIUTY asd this io shows in Fig, R Along the
pizld-band ods of the ~ofvr evpoe tacr2 is 2 siralgs: Vane which, as is evident
15 2 yveasonablo an oot cil By sobizaliz de reproseniaiion of the actual curve
potwenn tho Vaalto of 702 wollte aed 2.7. Tho use of is lincar representation
inctead of the actsal cure Fo lines Lebwoon Hiese two eaer(y limits.
Chviously, thio line woaet ha used withio this range only and no exirapclation
nd any cind ovivide Tile romeo oY have any meaning, The esuation for this
lime fellows
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For the ~irpoce of fiz caloclaticon it bag been assumed that 4, is egual
tc 1.7, aad foee~pal io 2.7. MAfier ftaese values have ken introluced int
Ta. 8, it raay be cornbined with Zoo. 11 ana 12 io give the final relation
betwern the applied voltage V oond the ridyoe peint potential Vy as evaluated
at any digiance y between the center Tine and the surface wotintial of tha
nellocine Ygeaindd at wr
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The use that ore wakes of the solution to this equation will follow tiz pattern
that for any arbiirary cheier of yolinge cutputl V for the converter Letvieon
the range of zero znd 1.58 there is a corresponding limit “» “ae range in vy
that can be used before the value y...y 13 reached. The curve in iv. §
shows this relalion to i "cate that for an output voltage of 0.5 volt, the
isaximuz value of poit 0.795. At this value of np and the closca value of
V=0.6, Eq. 13 gives the limiting value of V, cf 3 volis.

It is now possible to introduce Eq. 19 into £5. 5 and set in the proper
limits of integration so 23 to give an expression for the phciosurrent which
can be coliected on the elertron collector of the photoemiseive golur eitergy
converter. This equafi-

This equation is readily integraied with respect to v
limits of intorral ier» hove heer inseried, it takes the forrn:

y VF Ly, Bb - 2 v3 ere

va Li {f° &amp;

and after the

(}

Since V_ is a function only of the output voltage V and the parameter
ji as given in” Eg. 13, it is pcseible to integrate Ea. 17 for arbitrarily chosen
specific values of the output veltasge VV. The first ierm of Lg. 17 offers
difficulty in terms of ita direc: explicit integration. The other terms can he
‘ntegraied directly. On this busig, i. would be poasible to intesrate the firct
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Photcerni-

To etwartifeing agg umintions made, the coleulatioa of a
“eco carve hes bean difficnlt. The epproxi-

Comey ere moiionsd were neglected. Wheeler or not this
ope cp lees ontimistic resell is Cifficull to state with
 ade ceneral type held more prouaize then would be

~~lztions, mzans are available to evaluate the iuflience
~mroximaticn. It is deubtfvl that thie error introduced as

hau a facior of 2 either way.

*

Tefous area for exploitation to male a photormissive converter
more- 7 the area of the photocmitier itcell. The requirement
here ir i “mat the very high quantum yield associated with cocium
artimonid: ¢  lated compouncs should be maintained. Sore loweriay of
the work-"re'ion might be helpivl, The likelihood of a major advances in
this area of rer~arch that would increcse the eificizney even as viuch oo a
factor of 10 is so small that effec rit directed bere as it applies sn: cifically te
a solar energy converter is hardly worthwhile. At most it michi brie the
efficiency up to 0.03 par cent.

Effort expended in {his direction purcly from the point of view of a betior
understanding of the el~otren physics ¢f this complex type of phcteemios ve
surface could ~~ ~~ 1 - orthyhi

Work- Function “hoteclectren Receiver
The lower the work-fuaction of the dark gide of the electron receiver,

th? stronger its influence will be {2 encourage clecirons to come between ihe
collector wires and becemaz colizcied. Because this surface is cortain wo
receive some light, it is important that it should be low work-function, low
photoelectric-yicld materisl. For the calculation, it has been ascumod hat
a work-functicn of 1.2 velts is possible. Such a low value is indeed ontimistic
In the calculation it was assumed that no light would fall on the receivips
surface. This favorable situaticn would alse be impossible to realize. The
work-functioa of the illuminated side of the collzctor was taken as 4.7 volts
which would be close to that of a clean suriace even though a lover value than
this would be more favorable. It would be very difficult to maintain thie neccessary
hizh work-functicn in the presence of ceasium-covered surfaces for long periods
of tirne. Iven though a test speciraen night be produced with a work-fur.ction
close to 4 volts, it could nut be cxpacied to maintain this value indefinitely.
Le the wor"=-mc¢1h~arnmgee roduced. its phictcelectric yield will increase
and the baci ime ghouta decrease in overall efficienev

This 1. ~"vor 3 arsigned to the group of fourteen students interested
in the physics ¢f electronics. Taey were instructed to use approximate methods
to golve the problem "optimistically." Ia general, the approximations used
were more optimistic and perhaps less exact than the solution outlined in this
report. OF the fourizen final recults, seven showed officisncies of 0.095 per
ceat and less. Seven cthers were slightly above this value but not significantly
The ouiput voltage obtiained in th2ir calzulations averagad close to 8.45 volt.
These values may he compared “7ith mine of 0.7% for output veltege and
0. 3827 per cent for officianev
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Liv present calrulativaz ore ¢oooribed in considaranle date il io serve
tye moemozes. The first bas been to ake ave lina to the giudaaie cf tho
E..1 Clrss 2 dotniled solution to tie vroolom voiich they, themaelver, had
tie opnovtorily to evaluate. The second purpose of iis report 1; (o male
it aveilall» to iolzrosted parties outsids of the 8.21 class vio ho ve had
occasion th study the feasiRilily of 2 uhclocmiszsive colar CHZIgY CoN orTier.
Clearly, the ancwors given hers arc vnfaverable, fivet from the point of vie
G. itz overall efiicicmey, acd seooal, wo rust codniler that thie construction
oi a Cevice of Mais kind capuble of arocucing were than miliivatle of power
would offer nyoctically inc ormweinioible conoirustion:i Girileultios.

Since thie cbove analyzis Coss net claim © be more thon a thous Lt al
soudy of the noviicaiar model of a pavisemisvive solar enersy coveroo
correspondingly critical comments coaceraing tho Lasic assumsiions ov
metnods of caleviation will be walcomn by thp vir =



Table .

Solar Quanta /cm® -sec-Volt as a Function of Quantum Energy v = hv/q
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To Be Added To: "A Quantitative Analysis of A Photoemissive Solar

Energy Converter! by Professor Wayne B. Nottingham.
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