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The radiation damage characteristic of a CdS thin-film cell subjected to
0.8-Mev electrons was determined. The results of this test indicate that
polycrystalline CdS thin-film cells withstand bombardment as well as, and
probably better than, n-on-p silicon cells, with respect to the percentage
decrease in efficiency.

A relatively successful attempt was made at fabricating an evaporated CdS
cell on a 0.004-inch glass substrate., This cell had an efficiency of 2.28 per-
cent. Tne use of thin substrates is mandatory if advantage is to be taken of
the high watts per pound that the hin-film technique promises.,

Figure 4., CdS Thin-Film Photovoltaic Cells on Two Types of Substrates









Figure 5. Film Recrystallized in a Partial
Oxygen Atmosphere (67X); Crossed Polaroids

scatter may appear in the data from one film, as discussed above. For example,
the three points at 1000/T 1.55 were measured on the same film; this is also
true of the two points at 1000/T = 1.48. At the higher temperatures, with no
oxygen present, no scatter was observed in the data from any one film, but it is
clear from Figure 6 that a considerable scatter exists in the data from different
films.

Also evident in Figure 6 is the general trend toward slower growth at
lower temperatures, Simple rate theory predicts that the growth speed (G) is
given by:*

G ('-” exp (-—Q/k'l’)

where Q is the activation energy for the process, k is Boltzmann's constant,

T is the absolute temperature, and Gy is a constant (independent of temperature)
which depends on such quantities as the entropy of activation and the free
energy difference between the recrystallized and uncrystallized states, If this
theory were valid, the data shown in Figure 6 would fall on a straight line. To
account for deviations from a straight line, the theory can be modified by al-
lowing Gg to vary with temperature, This may be justified, for example, if
inclusions are present in the material and their rumber or size varies with
temperature, The present case must be somewhat more involved, since growth









recrystallization has been obtained with either indium or lead.* However,
films have been successfully recrystallized using copper as the activator, Re-
crystallization with copper differs from that with silver in two main respects,
The recrystallization temperature is considerably lower (350 to 400° C with cop-
per compared to 475 to 575°C with silver), and the CdS crystals inthe recrystal-
lized films are considerably smaller, The effect on crystal size of using a
copper activator can be seen clearly in Figure 7, For this film the CdS was
deposited in several strips, The strips in the upper half of the picture were
recrystallized with copper and contain many relatively small crystals; those in
the lower half were recrystallized with silver and contain much larger crystals
with the typical feathery appearance indicative of small angle grain boundaries.

Figure 7, Effects of Different Activators: Cu (top strips)
and Ag (bottom strips) (4.5X); Crossed Polaroids

4, EFFECT OF RECRYSTALLIZATION ON OPTICAL ABSORPTION

Room temperature optical absorption measurements at wavelengths between
5000 and 8500 A have been made on several films, both before and after re-
crystallization, Typical results are shown in Figure 8, The effect of recrystal-
lization is to shuft the apparent fundamental absorption edge (from about 5200 A)
to slightly shorter wavelengths and to increase the absorption for wavelengths
greater than about 550C A, An absorption peak at about 6000 A is almost re-

* Other workers have claimed partial success with indium on CdS films that
had been especially treated in sulfur vapor.


















A solution to this problem may be found in the use of a substrate material
having a thermal expansion coefficient closely matching that of the CdS (approx-
imately 6 x 10~ 6 per ° C), 7 or perhaps in flexible substrates which can re-
lieve the stress by flexing, The problem may also be minimized by using the
thinnest films compatible with their application, This problem must be solved
before any device such as a photovoltaic cell can be fabricated from these
films,

In most cases where separation occurs, random cracks appear in the films,
and patches which lift off the substrate can be seen, However, in one film an
unusual effect was observed. Striations appeared which were all parallel in
any one crystal, but ran in different directions in different crystals (Figure 12
is a photograph of this film showing the effect). Most of the striations were
continuous across the entire film, changing their direction as they crossed the
boundary between crystals, X-ray analysis of various parts of this film, using
the Laue back reflection method, indicates that the striations are parallel to
the projection of the c-axis on the film surface. This was found to be parallel
to the line of intersection between the surface and (110) planes in some crystals
and {100) planes in another crystal, It is tempting to postulate that these stria-
tions might be slip bands which were formed to relieve stress in the film, but
apparently a (110) slip system has not been observed previously in bulk CdS
crystals. S

Figure 12. Film with Striations (5X); Crossed Polaroids



A Laue back reflection photograph of one of the crystals in the striated
film is shown in Figure 13, The fact that each "spot" is actually a collection
of several small spots, slightly displaced from each other, tends to verify the
interpretation of the feathery substructure seen through crossed polariods;
many small angle boundaries are present within a large crystal, Within the
area of the x-ray beam (1/2 mm diameter), the total anguldr variation between
these subgrain boundaries is less than two degrees,
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Figure 13. Laue Pattern from a Recrystallized Area
7. INVESTIGATION OF MICA SUBSTRATES

In anticipation of future needs for a very flexible substrate material, an
attempt was made to recrystallize a film on a cleaved mica surface, Prelim-
inary x-ray results indicate that the microcrystalline CdS film deposited on
mica, itself a crystalline material, is similar to that on glass with regard to
orientation and crystal size, The attempt to recrystallize the film using a
silver activator was successful, but in some respects the recrystallization was
similar to that of films on glass with oxygen present, although no oxygen was
admitted to the oven, The recrystallization temperature was unusually low
(450 ° C), and the growth speed varied considerably, It was also noted that
large cleavage steps in the mica were an effective barrier to motion of the
growth front,











































































Model of a Solar-Cell Array, Fully Extended

Figure 21.

Operation of Model Solar-Cell Array












Figure 25, Segmented-Section Technique for Forming A Mylar Torus

Figure 26, Inflated Torus-Sail Model
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Figure 27.

Torus-Sail Prototype Model












Figure 30, Sequence of Deployment of Telescoping Array
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