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It wasn't until 1974 that researchers began
to realize that amorphous silicon could be used In
PV devices by properly controlling the conditions
under which it was deposited and by carefully

modifying Its composition. Today, amorphous
silicon i1s commonly used for solar-powered
consumer devices that have low power
requirements (e.g., wrist watches and calculators).
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Hot-wire deposition promises to improve the efficiency
and stability of amorphous silicon devices.




4, FEHBfEA M FE BT 5514

71 777777

/
2

e
3

/L LT UL LIO™

LT 7777
IIEIERHHHSS

}
ABH a—Si

() PIN%

=
o
L

)
H]

Pd

——N\ N

» h
Ik | Pt

AMARNNNLN.SS

b

nt—a—Si ZrO, | a—Si Ni
© HisXHL (d) MIS

B 12-31 P9F a-Si K FEB W




fﬁmhj$W“H@W¢W%ﬁ%%‘%ﬁ%
p-i-n&k ), T AN A R A K BH RE FE T A p-n 45
Mo XK N BB A AR SR EE TS
SN ﬂmﬂﬁﬁ%E?Tﬁmﬁ—ﬁE?
B — U HEB MR, Wggns
N, R F I L 2% B 2 ﬁﬂ%ﬁ% :

B2 pt Hint k1 BLE Bgpt-nt4h, 84, HTHE
E%%‘EjEHBEi*j*J‘EH@%BhJQmXZB(W’ &?73 n{
%, HEMWRERSIEE. Kk, @ EaEmDE
B E YR — ERB AR EE A
PREEHE X




(Glass

Transparent

-

conductor
p-l.iul.rer"Jlr
i-I.a}.rer“'ﬁ

n-LeufEr*'J'r I

Hetalf'x

The typical amorphous
silicon cell employs a p-i-n
design, Iin which an intrinsic
layer Is sandwiched between
a p layer and an n layer.

the cells are designed to
have an ultrathin (0.008-
micron) p-type top layer,
a thicker (0.5- to 1-
micron) intrinsic (middle)
layer; and a very thin
(0.02-micron) n-type
bottom layer.
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After some PV materials are first exposed to
light, their conversion efficiency decreases. For
example, amorphous silicon's efficiency can degrade
as much as 10%-20% through a process known as
the "Staebler-Wronski Effect." After this initial

degradation, the material's performance remains
relatively steady. We call this "stabilized

efficiency."” Researchers have long studied light-
Induced Instability, but 1t 1s still not very well
understood.
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GaAs Is especially suitable for use In
multijunction and high-efficiency solar cells for several

reasons.

 The GaAs band gap Is
1.43 eV, nearly ideal for
single-junction solar cells.

e GaAs has an

absorptivity so high it
requires a cell only a few
microns thick to absorb
sunlight. (Crystalline
silicon requires a layer
100 microns or more In
thickness.)

4.78 SiB L1 GaAs KEEMOBR LRy KE  HEOEG




« Unlike silicon cells, GaAs cells are relatively insensitive
to heat. (Cell temperatures can often be quite high,
especially in concentrator applications.)

o Alloys made from GaAs using aluminum, phosphorus,
antimony, or indium have characteristics complementary to

those of gallium arsenide, allowing great flexibility in cell
design.

e GaAs Is very resistant to radiation damage. This, along
with its high efficiency, makes GaAs very desirable for
space applications.
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Cadmium telluride (CdTe) thin-film technology is very
close to commercialization. BP Solar USA and Solar Cells, Inc.,
have publicly announced manufacturing plants. CdTe cell
efficiencies are high (almost 16% in the laboratory), but
commercial module efficiencies are likely to be in the 6%-8%
range In the first plants. Because large-scale production is still in
Its infancy, early attempts to manufacture it may yet encounter
serious, unknown manufacturability problems. Still, more than a
dozen methods have been used to make 10%-efficient
manufactured cells,which has allowed potential manufacturers to
determine the lowest-cost methods.
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Current progress and goals for efficiencies of the best
cadmium telluride cells and modules.




In recent years, CdTe work has focused on
understanding the processing requirements for
high-efficiency cells on low-cost soda-lime glass.
The major accomplishment has been that more
groups have been able to achieve total-area cell

efficiencies In the 12%-15% efficiency range
using processing temperatures compatible with
low-cost glass substrates. We have also begun to
understand what affects device performance.
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Copper indium diselenide (CulnSe2 or "CIS")
cells have reached 18.8% efficiency under standard
test conditions. This means that the best CIS cell
nas exceeded the Dbest efficiency of a

nolycrystalline silicon cell (17.8%). This is a strong
proof-of-concept that thin films can perform well.
Still, CIS technology faces large barriers to be
successful in the marketplace.




For the last couple of years, university and industry groups
have focused their work on copper indium gallium diselenide
(CulnGaSe2 or "CIGS") films and devices. Ga alloying made it
much easier to produce cells with higher open-circuit voltages,
although short-circuit current densities have frequently suffered
with the alloying. Most groups obtained their own champion cell
results with absorber layers having an effective band gap of 1.1 to

1.2 eV. This corresponds to a Ga/(Ga+In) atomic ratio of 25% to
30%. In many instances, the Ga content of the absorbers Is graded,
either accidentally (the Ga tends to accumulate near the rear or Mo
contact of the absorber) or deliberately, by introducing a Ga profile.
Several Ga profiles, as well as absorbers with more or less Ga
grading, have allowed researchers to produce cells with high
efficiencies.
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