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676 LETTERS TO THE EDITOR

Fic, 1. End view of 0.50 caliber cylindrical steel projectile after it has
passed through a 0.005.in. lead tnrge: at 45 deg striking angie. The actual
dxamcm of (hls cylinder is 0.428 i

Figure 1 is a photograph of the end of a 0.50 caliber cylindrical
steel projectile after it has penetrated a 0.005-in. lead target
aligned at a 45 deg striking angle. Figure 2 is a photomicrograph
of a cross section of a cylinder that shows the wave structure of
the ridges. Although the mechanism responsible for production
of these waves is somewhat obscure, the critical angle 2¢ is
believed to be the same critical angle discussed by the Los Alamos
group! in a paper that deals with metal plates accelerated together
by high explosive charges. The Los Alamos group has discussed
the asymmetric collision of dissimilar solids, but has not yet re-
ported any experimental data. The specimens shown in Figs. 1 and
2 correspond to the asymmetric case.

The experiment was modified to obtain symmetric collision.
Steel projectiles with conical noses specified by the half-angle
/2~ were fired into steel targets aligned at the striking angle 6.
Plastic deformation occurs along one of the elements of the cone
provided that 20>2¢. Negligible plastic deformation occurs if
20<2¢ The critical angle 2¢ determined by this cxpenmcnt isin

with the predicted! value for iron. Two
prehmlnary determinations indicate the value 2¢=7.7 deg for a
projectile velocity of 0.87 mm/usec. This velocity corresponds to
the plate velocity v,=0.43 mm/usec of Fig. 15 in reference 1.

The experiment discussed is believed to be equivalent to that
of the Los Alamos group. No theoretical or experimental difficulty
is expected if the technique is extended to higher velocities and
to solids other than steel. The experiment is expected to be of
value in checking and determining equation of state data of
solids in the megabar pressure regime. As a basis for comparisen,
the compressibility of pure iron has been measured up to a maxi-

FIG. 2. Photomicrograph of a cross section of a projectile which shaws
the wave structure formed by 45 deg impact on a 0.010-in. lead target. The
average distance from crest to crest is 0.

mum pressure of only 0.03 megabar? The pressure produced
at the critical angle 2¢ by the symmetric collision of steel is
0.47 megabar, a value calculated from the published! equation of
state of iron.

‘Wahh Shrefiler, and Willig, J. Appl. Phys. 24, 349 (X953)
2P, W. Bridgman, Revs. Modern Phys. 18, 1 (1946

A New Silicon p-n Junction Photocell for Converting
Solar Radiation into Electrical Power
D. M. Cuariv, C. S. FULLER, aAND G. L. PEARSON
Bell Telephone Laboratories, Inc., Murray Hill, New Jersev
(Received January 11, 1954)

HE direct conversion of solar radiation into electrical power

by means of a photocell appears more promising as a result

of recent work on silicon p-n junctions. Because the radiant

energy is used without first being converted to heat, the theoretical
efficiency is high.

Photons of 1.02 electron volts (A=1.2 microns) are able to
produce electron-hole pairs in silicon. In the presence of a p-u
barrier, these electron-hole pairs are separated and made to do
work in an external circuit. All of the light of wavelength shorter
than 1.2 microns is potentially useful for generating electron-hole
pairs but the efficiency of energy conversion decreases for short
wavelengths because the energy above the necessary 1.02 electron
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¥16, 1. Normalized spectral energy distribution. (A) Silicon phomceﬂ
equi- cxéergy response (B) Solar energy at earth’s surface. {C) Curve 4
times Curve

volts is wasted. Allowing for this loss and assuming a working
voltage of 0.5 volt, which is near the maximum measured, a
computation over the entire solar spectrum indicates a limiting
efficiency of approximately 22 percent for a cell of negligible
internal losses and for utilization of all possible electron-hole
pairs.

Several practical factors lower this figure. The untreated
silicon surface reflects about half of the incident radiation. Some
of this can be saved by proper surface treatment. The second
serious loss is recombination of electron-hole pairs before they
reach the p-n barrier. Penetration of radiation over most of the
useful spectrum is extremely shallow so that it becomes necessary
to place the p-n junction as near to the surface as possible except
for the third serious loss. This is the I*R loss caused by resistance
in the susface layer and by contact resistance. Extremely small
cells minimize the resistance loss and give useful data. For cells of
several square centimeters, special geometry of contacts will
minimize resistance losses.

Present work on silicon p-n photocells uses a thin layer of
p-type silicon formed over an n-type base. The surface layer is
less than 0.0001 inch thick. Figure 1 shows the spectral response
for one such cell. Curve 4 is the measured power output for equal
intensities of weak radiation as a function of wavelength. Maxi-

O universo das tecnologias solares fotovoltaicas

A primeira célulasolar
fotovoltaica ja completou
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A primeira célulasolar
fotovoltaica tinha eficiéncia
de 6%em 1954



D.M. Chapin, C.S. Fuller & G.L. Pearson, 1954. A New Silinedumction Photocell for Converting
Solar Radiation into Electrical Power. Journal of Applied Physics, vol. 25, p6%76
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Vanguard k First solarpowered satellite, March 17, 1958



Qual a confiabilidade desta tecnologia?

D.M. Chapin, C.S. Fuller & G.L. Pearson, 1954. A New Silinedymction Photocell for Converting
Solar Radiation into Electrical Power. Journal of Applied Physics, vol. 25, p6676 '
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