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matters arising 
Improved amorphous 
semiconductors for 
solar cells 

0VSHINSKY AND MADA:-<1 have 
described the interesting results of 
incorporating fluorine in glow discharge 
deposited amorphous silicon (in particular 
a very low density of states within the gap.) 
However, as one would expect on general 
grounds, fluorinated material has a 
significantly larger energy gap than hydro
genated material. It therefore offers an 
even less good match to the solar spec
trum, which would not improve the 
efficiency of solar cells made from it. 
Although the use of iodine rather than 
fluorine might be expected to be helpful in 
this respect it is still unlikely to reduce the 
energy gap to the near 1 e V value required 
for optimum spectral response. [The 
stability of the Si-I bond shown by the 
surface stabilisation of silicon hy iodine2

, 

led me to discuss the possible use of iodine 
in glow discharge deposited silicon with 
several workers at the International Con
ference on the Physics of Semiconductors 
at Edinburgh in September 1979.] 

During our group's early work on glow 
discharge deposition of amorphous 
materials (see refs 3, 4) it was observed 
that germanium and silicon-germanium 
alloys deposited by glow discharge from 
germane or germane-silane mixtures, 
even with rather small germanium 
content, show negligible photoconduc
tivity compared with pure silicon. This 
would now be interpreted in terms of the 
Ge-H bond being weak compared with 
the Si-H bond, with the result that dang
ling bonds on germanium atoms are not 
stably hydrogenated in amorphous 
germanium and its alloys, and with the 
further consequence that these materials 
have a large density of states in the gap. It 
would therefore not be possible to prepare 
solar cells from them even though their 
absorption edge could be well matched to 
the solar spectrum. Clearly this situation 
would alter if a stronger bonding element, 
such as a halogen, were used to satisfy 
germanium dangling bonds. (Even the 
Ge-l bond is far more stable than Ge-H). 
What is suggested, then, is that parti
cularly promising amorphous semicon
ductors for making efficient solar cells 
would be germanium and Ge -Si alloys 
incorporating halogen, the overall 
composition tailored to optimise the pho
toconductive response spectrum to solar 
radiation. 
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Note added in proof: The optimum energy 
gap for matching a cell to the AM1 solar 
spectrum is about 1.4 eV (see, for exam
ple, ref. 5). However, even at the Equator 
the Sun is not long at the zenith (implied 
by AM1), and the increasing atmospheric 
absorption at lower solar angles charac
teristic of most of the day (all of it at higher 
latitudes, outside the tropics) shifts the 
optimum energy gap to still lower values. 
It would only be with high tempera
ture operation (above -300 °C) that 
fluorinated amorphous silicon could be 
considered to provide a good spectral 
match. As the main aim in developing 
large area solar cells is to avoid concen
tration of radiation, the maximum 
temperature likely to be encountered with 
them is perhaps 65 °C. 
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0VSHINSKY AND MADAN REPLY
Goodman suggests that (1) the optimal 
energy gap for solar photovoltaic energy 
conversion is 1 eV and (2) fluorinated 
amorphous silicon has a significantly 
larger energy gap than hydrogenated 
amorphous silicon, and thus concludes 
that amorphous germanium or Ge-Si 
alloys are preferential to amorphous sili
con for solar-cell applications. Both of the 
above premises arc incorrect. 

It is well known 1.2 that the optimal gap 
for solar photovoltaic energy conversion is 
about 1.6 eV, not 1 eV. For example, the 
maximum efficiency for Am-0 using a 
semiconductor with an energy gap of 
1.6 eV is about 25%, more than half again 
as large as the 16% maximum efficiency of 
a material with a 1.0 eV gap3

• Further
more, the energy gap of our new amor
phous Si: F: H alloy is determined by a 
Fowler plot and clearly stated in our 
letter4 is 1.65 eV, which is essentially the 
optimal value. In fact, it is not significantly 
different from the energy gaps of 1.55-
1.8 e V obtained in silane-decomposed 
films5

•
6

, nor is it much larger than the 
1.5 eV gap of nominally pure amorphous 
silicon7

•
8

• The reason for this is that the 
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fluorine concentration of the new alloy is 
<5% and thus the vast majority of the 
chemical bonds that determine the energy 
gap of the material are ordinary Si--Si 
covalent bonds. 

The major purpose of our letter4 was to 
point out that the new alloy has many 
features in addition to its band gap that 
makes it more desirable than silane
decomposed material for solar-cell appli
cations. 
Note added in proof: Goodman in his note 
in proof now suggests that higher air-mass 
conditions would greatly deteriorate the 
performance of amorphous Si: F: H solar 
cells on the basis of a 1.65-e V gap. The 
facts are as follows9

. At AM-2, when the 
sunlight is at an angle of 60° to the Earth's 
surface (approximately the spectrum for 
average, slightly hazy weather conditions 
and smaller sun angles, as in temperate
zone climates), the maximum conversion 
efficiency of an ordinary solar cell is 
-26%. For a gap of 1.65 eV, the maxi
mum conversion efficiency is still 25%. 
This figure, in fact, is larger than the 
maximum conversion efficiency at any 
energy gap for AM-0 conditions (because 
of the decrease in relative solar irradiance 
in the near infrared at AM-2). The main 
point is that the maximum conversion 
efficiency is only a weak function of energy 
gap in the 1.0-2.0 eV range (never drop
ping below 20% in this range at AM-2), so 
that the efficiencies of real devices are 
much more dependent on other 
parameters. 
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Asbestos-enhanced 
uptake of carcinogens 

THE results of Lakowicz and Hylden's 
studies' on asbestos-mediated uptake of 
benzo(a)pyrene (BP) by dipalmitoyl L-a
phosphatidylcholine (DPPC) vesicles are 
more indicative of in vivo transfer of BP 
from particulates to lung surfactant 
(mainly DPPC and other phospholipids2

) 
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