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the optimistic analysis
ficantly less than unity.

The second item of factual
responge characteristic of the photoemissive
accepted curve that represents the guantu:
The curve which will be used for this analvs
Dickey referred to on page 1 of the problem p
as his Fig. 40. This curve is reproduced in
generalized symbol R{v). The rea should |
yield represents the saturation emission from a photosu
of the quantum energy and therefore does not represe
obtained from the surface in the presence of
the energy distribution of the electrons as
must be taken into consideration in calcul:
electrons over some barrier whether or not th: 8 Cre
or is the result of the application of retard ng potent
photoemissive solar energy converter

The curves shown by Weissler in
the number of high energy electrons as
is in reality quite small. It will be an optix
we assume for the purpose of this calculation
uniform rather than rich in slow electrons

Details of the band structure in the neighborh
abtimonide photoemissive unit are not well e
opinion that the manufacturing process carrie
photoeleciric emission from such a surface
P-type in that there are a small number, ] S
per million, of the cesium lattice sites which are
represent acceptor centers which create a
immediate neighborhood of the surface presurmn:
atom la,‘_fers deep it is assumed that excess cesi
"n-type'' material and that at the borderline ti
P-n junction which accelerates electrons generated w
absorption of light energy toward the surface and th
for the high photoelectric yield of this compoun In
it is nevertheless the true work-function defined as
tween the Fermi level and the surface potential
of the motive field in the space bhetween the emit
system. It is assumed for these calculations tha
will be 1.7 ev. This value cannot be determinec the
by assuming that it should he equal to the absolute mi
sometimes expressed as the "long wavelength limis
cise choice of 1.7 is therefore arbitrary and couls
mately + 0.1 ev. This true work-function will be

In the configuration described by Fig. 1, a
front of the emitter which depends not ¢ nly on tl
converter but also depends on the two coordina
represents the distance away from the emitter surf:
the distance parallel to the surface but serpendicul
is taken to be along the axis of the collecting wi
function between the emitter and the collector deg
X, ¥, and V where V is the difference in potenti:
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he um value of v i
{ volts, means %E-a‘i{i&’..i;;i-“‘
follows, therefore
maximum value of
Vy is 3 volts.

hat the

M-
18 1

& &
, that for ¢

L=

the range of z
i1 3

that can be Ymax
shows this n to indicate that for an outg
mwaximum value of 79 At thi
Vs=0.6, Eq. 13 gi

I to introduce Eq. 10 into E
limits of integration so as to give an ex
can be collected

cted
converter.

xpression for the photocurren
on the electron collector of the photoemissive solar
This equation is:

[}
/I max

f%

3 unction only of the output voltage
jA as given in’ Eq '

it is possible to integ

%7

specific values of ths

and the parameter
rate ¥.q. 17 for arbitrarily chosen
/'« The first term of Eq. 17 offers

8 direci explicit integration. The other terms can be
integraied directly. On this basis, it woul

would be possible to integrate the first
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ectron tr'w. ytc- ries

Even with the simplifying assumptions made, the calculation of a
reasonably accurate current- -,fcltafwc curve has been difficult. The approxi-
mation inade was that transverse motions were neglected. Whether or not this

assumption makes for a more or less optimistic result is difficult to state with
certainty. If a device of this general type held more promise than would be
indicated by these calculations, means are available to evaluate the influence
of this simplifying approximation. It i., doubtiul that tLe error introduced as
a result of it is more than a factor of Z either way

Photoemissive Surface

The most obvious area for exploitation to make a photoemissive converter
more efficient lies in the area of the photoemitter itself. ‘T‘ha requirement
here is principally that the very high guantum yield e;.**oc:aw with ce uu.m
antimonide or related compounds ::uo&!.-d be maintained. Some low
the work-function might be helpful. The likelihood of a magoy a
this area of research that would increase the efficiency even as n
factor of 10 is so small that effort directed here as it applms specifically to
a solar energy converter is hardly worthwhile. At most i it might bring the
efficiency up to 0. 03 per cent.

Effort expended in this direction pun,lvr from the point of view of a better
understanding of the electron physics cf this complex type of photoemissive
surface C'O‘ﬂd very well be worthwhile.

Work-Function of Photoelectron Receif;fex'

The lower the work-function of the dark gide of the electror
the stronger its influence will be to encourage electrons to come
collector wires and become coliected. Because this surface is c t
receive some light, it is important that it should be low wo;nk--f\.m tion, low
photoelectric-yield material. For the calculation, it has been assumed that
a work-function of 1.2 volts is possible. Such a low value is indeed optimistic.
In the calculation it was assumed that no light would fall on the receiving
surface. This favorable situaticn would also be impossible to realize. The
work-function of the illuminated side of the collector was taken as 4.7 volts
which would be close to ”mi of a clean surface even though a lower value than
this would be more favorable. It would be very difficult to maintain the neces ssary
high wor L.w_unf tion in the presence of cesium-covered surfaces for long periods
of time. Even though a test specimen might be produced with a work- function
close to fl volts, it could not be 2xpected to maintain this value indefinitely.
As the work-function becomes reduced, its photoelectric yield will increase
and the back current will bring abouta decrease in overall efficiency.

Summary of 8,21 Class Results

This problem was assigned to the group of fourteen students interested
in the physics of eim-tronicu, They were instructed to use approximate methods
to solve the problem "optimistically.'" In general, the approximations used
were more optimistic and perhaps less exact than the solution outlined in this
report. Of the fourteen final results, seven showed efficiencies of 0.006 per
cent and less. Seven others were slightly above this value but not 51gnflcantly
The output voltage obtained in their calculations averaged close to 0.45 volt.
These values may be compared with mine of 0.3 for output veltage and
0. 0027 per cent for efficiency.







Table 1

Solar Quanta/cmz-sec-Volt as a Function of Quantum Energy v = hv/q

S —

v v

PW) Pv)

2440 x 1014 ! 185

2270 i55
2110 130
1965 110
1835 . 85
1680 70
1550 . 55
1380 35
1225
1065
1010

960

860

705

620

535

400

315

270

235

205

To Be Added To: "A Quantitative Analysis of A Photoemissive Solar

Energy Converter" by Professor Wayne B. Nottingham.
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