218

Current Situation of Amorphous-Si Technology for Solar Cells

Kiyoshi Takahashi

Department of Electrical and Electronic Engineering,
Tokyo Institute of Technology 2-12-1, Ohckayama,
Meguro-ku, Tokyo 152 JAPAN

1. Advantages of amorphous silicon

Hydrogenated amorphous silicon (a-8i) has
been investigated for a promising and potential
material for low cost photovoltaic devices. A-5i
has the following advantages:

1) It consists in a thin film

A-Si has a greater absorption coefficient
than monocrystalline Si in the visible light
region; the film thickness reguired for photo-
electric conversion is as little as 1 um and
the quantity of Si required per watt is
extremely small.

2) Energy pay-back time is short

The electric power required for the
manufacture of a-Si solar cells is less at
every state than for monocrystalline Si  solar
cells. The time taken to cover the cost of the
electric power needed for manufacture with the
electric power obtained fram the solar cells
themselves is called the 'energy pay-back time'.
With conventional monocrystalline Si this is
10-15 years; even with improved Si solar cells,
energy-saving by caomputer control and advanced
automation methods, it takes 3-5 years. With
a-Si it takes barely a year.

3) It can be formed on any substrate

A-Si can be formed on any substrate, whether
it be vitreous or metallic. If, for example,
glass is used as the substrate, this can be
used, without modification, as the glass cover
for the module,

4) Continuous production is easy

Campared to the manufacture of monocrystal-
line and polycrustalline Si solar cells, a-Si
involves fewer processes ard offers, therefore,
the possibility of contimuous preduction.

2. Device applications of a-Si

In the past decade, a-5i has developed into
an important family of semiconductors. In a-Si
alloys with germanium, the energy gag decrease
with increasing germanium content, while in
alloys with increasing carbon content the energy
gap increases. The main application of a-8i has
been concentrated to solar cells. The a-Si solar

cells is now popularly used as electric power
source for consumer electronic calculators under
fluorescent lamp.The other applications are as
follows:

1) Electrophotography

A-Si is endowed with a very low electrical
conductivity, a long charge decay time, an excel
lent spectral sensitivity in the visible, and a
good chemical intertness. The rentention of a
surface charge is helped by blocking layers at
both surfaces of the a-Si films. An excellent
image reproducibility with high resolution and
good contrast was demonstrated in a  commercial
machine whose Se-coated drum was replaced by one
coated with a-Si.

2) Field-effect transistors (FETSs)

Although the development of field-effect
transistors (FETs) has already reached a high
level of perfection in crystalline silicon, a-
Si offers the advantage that very large  arrays
of a-Si FETs are feasible. Hence, even if their
performance level is much lower than that of c-
Si FETs, there are still many applications where
their characteristics may be adeguate.

3) Image sensor

A-Si is more suitable as a photoconductor for
this application than other materials because
of its flatter response in the visible spectrum
ard because the fabrication of a long array is
readily feasible. It is expected that a  super-
position of the a-Si sensor and a charge-coupled
devices (CCD) should produce a perfomance
comparable to that of a vidicon. With the
addition of a laminated color filter camprising
lines of red-, green—, and blue-pass filters, a
color image sensor was demonstrated.

3. Fabrication technologies of a si
1) Plasma—-CVD(rf glow discharge)

Plasma-CVD method is the most popular for
preparing a si films. With regard to the a-Si
solar cell Tabrication, the attairment of the
conversion efficiency over 11% by plasma-CvD.The
conditions for forming a-5i by the plasma-CVD
are as follows; The substrate temperature is
set a 200-300°C, monosilane and disilane are used
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for the reactant gases. The gas pressure is
maintained at 0.1-10 torr. When a 13.56 MHz high
frenquency voltage is applied, electric discharge
is begun, and a-Si accumilates, The best film
quality is obtained by the deposition rates of
1-2 a/s.

2) ECR plasma-CVD

Recently, ECRSelectron cyclotron resonance)
plasma-CVD has attracted special interest as a
new technique for deposition of a-Si  and its
alloys. Hamakawa et al. reported that boron doped
a=51C film prepared by ECR plasma-CVD had a high
canductivity and application of this film to the
p-layer of a-Si solar cells resulted in
improvement of the open-circuit voltage(1).
Watanabe et al. applied this technique to forma -
tion of a-SiGe films, and cbtained highly photo-
conductive narrow bandgap films (2). Thus, this
technique has a possibility to became a key  for
improving the conversion efficiency.

3) Photo-CVD

The plasma-CVD method has generally been used
in the manufacture of a-Si solar cells. However,
it appears that the interfaces and growing films
are damaged by the bambardment of icnized
particles. The performance of a-Si solar cells
prepared by plasma—CVD might be thus less than
optimal. An alternate deposition methods, the
photo—-CVD technique, seems more suitable for
damage-free film preparation. This is because
the photon energies of the low-pressure mercury
lamp used are lower than the ionization energies
0s silanes and their neutralradicals. The relative
absence of ionized radicals in photo-CVD cells
leads to interfaces and bulk layers of high
quality and should show an improvement over plasm
-CVD cells.

4. A-5i films prepared by Photo-CVD
Since Saitch et al. showed that high-quality

a-5i films could be prepared by photo-CVD in
1982 (3), contimuing research has been directed
towards improving f£ilm quality and device

performance and moving from small-area to
module-size depositions. Photo-CVD processes can
be divided into mercury-sensitized and direct
processes, the latter using either a lower-pressure
Hg lamp or a laser as the energy source. In this
chapter, a review is given of the current status
of a-Si and related alloys prepared by photo-CVD.

1) Mercury-Sensitized Photo-CVD
(1) Undoped a-Si

(a) Mercury phtosensitization

The mercury photosensitization of monosilane
and disilane has earlier been investigated in
detail by Pollock et al.(4). The primary steps
of these processes are the following:

Hg:+S:iH4———-——————-p-Hg-_I-H+SiH3

Hg 1- SigHg ——> Hg + H + SigHsg,
where Hg indicates the excited state of a
mercury atom due to UV irradiation. Hg-photosensi

tization of monosilane using the 254nm and 185rm
wavelenths is highly selective and yields,almost
exclusively, SiH3 radicals.

(b) Photo-CVD apparatus

Figure 1 shows a separate—chamber photo—CVD
system developed by the author. It consists of
four reaction chambers and one loading chamber
partioned by gate valves. Undoped films are
prepared in the i-a-Si chamber. A major limita -
tion of photo-CVD has been the unintended depo-
sition of silicon on the UV transparent quartz
window of the reaction chamber. We have found
that coating the quartz window with perfluoro
polyether is useful in preventing the window
getting "clouded". As a result, the deposition
thickness is linear with time up to a thickness
of 3 ym. Typical deposition rates are 1-3A/s for
both monosilane and disilane.

Two novel techniques for keeping the window
transparent have been developed. Rocheleau et
al. devised a new photo-CVD reactor with a
mobable UV-transparent Teflon film (PFA, 1mil)
and secondary gas flows to eliminate window
fouling(5). In the second technique, developed
by Langford et al., an etchant camwpatible with
the normal film deposition process (XeF?) is
used to maintain window transparency(6).

(c) Film properties

Figure 2 shows the variation of dark and pho
toconductivities and the deposition rate as a
function of the gas pressure for monosilane—
based a-Si films. The photoconductivity
(measured under AM1, 100mW/cm? insolation) dif
fered from the dark conductivity by a factor of
over 106. The maximm photo/ dark ratio is 5x106.
We have also evaluated the density of
states (DOS) at midgap by the space-charge-limited
current method proposed by Solamon et al. (7).
The calculation showed a gap states density of
around 5x1015/cm3 eV for our samples. These
results suggest that the quality of the undoped
a-5i films produced by photo-CVD is reasonably
good.

Tarui et al. (8) have investigated high-rate
deposition processes for a-Si films using
mercury-sensitized photo-CVD. They found that
the deposition rate depends on reactant gés
pressure, light intensity, and the concentrat..n
of mercury atams., A maximum rate of 100 nm/min
was attained by cpcimizing the deposition condi-
tions.

(d) Residual impurities

In a-Si solar cells, the reduction of
impurities in undoped layers is one of the key
methods to improve cell performance  -and to
eliminate the Staebler-Wronski effect.

Impurity concentrations in a-Si films
fabricated by a single chamber (without a loading
chamber) and a separate chamber, measured by IAM,
are shown in Fig. 3. In Fig. 3, the impurity
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concentrations in piasma-CVD a-Si films reported
by kawano et al. (9) are also included. In photo-
COVD samples, we observed a drastic reduction
of impurity lewvels such as 0,C, and N when
separate chambers were used. The absolute
impurity level in photo-CVD a-Si films is very
similar to that of separate chamber plasma-CVD
a-Si films, but is one order higher than that of
super—chamber plasma-CvD a-Si films.

Rocheleau et al. also reported the effect
of atmospheric contaminants on the properties
of a-Si films and on cell performance(10). The
C,0, and N impurity concentrations have been
well with the residual gas levels in the reactor.
Ihenﬁ.d—gap[[ﬁmsrednoadtobcmﬁ/mev in
the sample with the lower carbon ard oxygen
concentrations.

(2) A-SiGe

A reason for using the photo—-CVD process in
a SiGe films is that it makes it possible to
control hydrogen radicals(ll). In the
prelinary stage of development, we found that
the phtocorductivities of a-SiGe films decreased
rapidly with increasing Ge content if no hydrogen
was introduced. The reduction in the photo—
conductivity is simular to that of mrr:iaﬂl
glow discharge films. In this case, it
strcngly related to an increase in the ru:ber
of Ge dangling bonds due to the weakness of Ge-H
bords. In order to reduce the densities of
dangling bonds, we examined the effect of hydrogen
radicals on electrical properties. The photo—
conductivity improved drastically as the
gas ratio was raised.

The film properties of recently developed
a-SiGe fabricated by various methods as shown
in Fig. 4. Phtoconductivities of a-SiGe films
prepared by a triode plasma-CVD, ECR and photo-
CVD are nearly the same and gradually decrease
from about 1074 S/cm as the optical bandgaps
decrease.

Tsuda et al. have prepared a-SiGe:H:F using
GeF4(12). They concluded that specially in the
case of using fluorinated gases, the photo-CVD
method is a pramising way to remove the damage
of high—energy fluorinated radicals existing in
GD plasma-CVD.

(3) Microcrystalline Si

Undoped and doped hydrogenated amorphous—
microcrystalline mixed-phase (uc-Si) filmes have
been prepared by mercury-sensitized photo-CVD
of a mixture of silanes ard hydrogen gas. It was
fourd that the hydrogen radicals plays a
significant role in the formation of pc-Si. -
type and n—type pc-Si filmes are specially
pramising materials for solar cell applications.

The preferencial orientation of the crystal-
lites was found to be more pronounced in photo—
CVD films than in films deposited by the conven-
tional GD method. The crystallites in the film

were mainly oriented in the <110> directions.The
maximm dark conductivity and optical bandgap
of the n—type pc=films cbtained were 80 S/cm and
1.9 eV, respectively. A maximum conductivity of
about 1 S/cm was obtained for p-type uc-Si.

2) Direct Photo—CVD
(1) Undoped a-Si

(a) Lamp process

Mishima et al. reported on the first trial
of a-Si film formation by direct photolysis of
disilane at atmospheric pressure using a low-
pressure Hg lamp in 1983(13). However, the depo-
sition rate was low (15A/min). Kumata et al.
reported that the deposition rate of a-Si films
prepared fram SizHg by the direct photo-CVD was
five times that using Si2Hg (14) . The conductivity
of the film prepared fram Si3Hg at 300 C was 10

105 /cm in the dark and 10-5 S/cm with He-Ne laser
at a photon flux of 10~15/cm2s. High-rate deposi
tion of a-Si films could also be achieved
direct photo-CVD using emission peaks fram
deuterium(D2) and Xe discharge lamps whose
wavelengths (D2:160.8rm, Xe:147 mm) were much
shorter than the absorption edge of SigHg
(187 rnm) . The maximum deposition rate
75 A/min, was obtained by Fuyuki et al. (15).

(b) Laser induced photo-CVD

To enhance the deposition rate of a a-5i
films, ArF(193nm) excimer laser induced cVD
(LCVD) has been demonstraded using monosilane
(two-photon process) and disilane (16,17). In our
configuration, the laser beam was parallel to
the substrate, thus avoiding substrate heating
effects. Amorphous Si films were rapidly
deposited(559/s) by using disilane. But the
films prepared at a high deposition rate
incorporated more hydrogen; the Si and H bond
structure of the films changed fran monchydride
to dihydride, and these hydrogen atams might
generate defects.

A dark conductivity of 2x10~9 S/am and a
photoconductivity of 2x10-4 S/cm were  obtained
at a substrate temperature of 400°C and a deposi
tion rate of 1A/s(17). These electrical
properties are somewhat inferior to those of
films deposited by conventional plasma-CvD
and photo-CVD(lamp process). The high values
of the photoconductivity were cbserved either
at a high substrate temperature or at a low
deposition rate.

(2) P-type a-SiC

The UV-lamp direct photo-CVD process is now
being investigated to preparate p-type SiC for
the solar cell window material. In this kind of
application, a low deposition rate is

since the layers deposited are very thin. A-SiC
films can be deposited by direct phto-CVD of
mixtures of disilane and methylsilanes or
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acetylen. GD-plasma a-SiC films and photo-CVD
films were campared by the author (18), through
the optical bandgap, conductivities and activa -
tion energies measured as a function of the
boron doping concentration. Photo-CVD p-type a-
SiC films showed about one order of magnitude
higher conductivities and about 0,leV lower acti
vation energies than the GD-plasma films. High
conductivities (2.2x10‘53/cm) and low activation
energies (0.29 eV) were abtained at an optical
bandgap of 2.0 eV by the author's group.

Ichimura et al. have also reported on photo-
CVD p—type a-SiC films having high conductivity
campared with GD films at optical bandgap of
1.9 - 2.1 eV(19). They found that the carbon
content for the photo—CVD film was lower than
that for the GD film. This suggests that carbon
in the photo-CVD film is indorporated more ef-
fectively into the silicon network. These data
support the view that the photochemically prepared
a=-SiC films can be used more effectively as a
window layer in a p~i-n a-5i solar cell.

3) Atmospheric-pressure photo-CVD

It has been reported that impurities such
as 0, N, and C in the i-layer have a strong
influence on film properties and the light-
induced degradation of a-5i:H solar cells(20).
Growth chambers having a high vacoum with a
back-ground pressure of 10~ Torr were used for
reducing the impurities. However, no remarkable
improvement in light-induced degradation has
been reported yet.

The trowth of high quality undoped a a-5i
films with a high conversion efficiency of 11.2%
prepared by low-pressure photo-CVD Si films by
atmospheric-pressure mercury sensitized photo-
CVD in order to reduce the impurities of the
undoped films further and to obtain higher £ilm
quality (22). It is expected that the impurity
contamination in the films under atmospheric-
pressure conditions is less than that at low-
pressure conditions at the same back-ground
pressure due to the lower leakage out of the
growth chamber.

At first, we tried to prepare a-Si:H films
by mercury-sensitized photo—-CVD. at the present
knowledge, mercury incorporation into the
deposited films appears to be negligible. The
deposition rate is strongly depended on the
temperature of the mercury reservoir, and to
date the maximum deposition rate that we have
obtained is 45A/min.

The electrical and optical properties of
the undoped a-Si films prepared by atmospheric-
pressure were investigated. Figure 5
shows the variation of the conductivity and
the optical bandgap as a function of the flow
rate of SiH4. The substrate temperature was
3009%. No significant change in optical bandgap
was found in the range of 5-30 scom. As for the
electrical properties, the photoconductivi ty
was larger than the dark conductivity by over

10° in the range of 5-20 scom, and the maximum
Aoph/0d value was 6x106 at a SiH flow rate of 20
scam, which indicates that the quality of the
undoped films is reasonably good. Furthermore, no
powder formation was found in the range of SiHy
flow rate of 1-30 scom.

Figure 6 shows the concentration of oxygen
in the films prepared by the low- and atmospheric
-pressure photo-CVD methods, respectively. The
concentration of oxygen in the films prepared by
atmospheric—pressure photo-CVD is much lower than
in the films grown by low-pressure photo-CVD. The
concentration of oxygen we abtained was  2x1018
a3, We assumed that the high quality of the
undoped a-Si films (over in photosensitivity) is
due to the lowered oxygen concentration in the
films. Even higher quality films can be expected
by, (a)preparing the films using a load-lock
system and (b)optimizing the deposition condi-
tions.

5. Typical characteristics of a-5i

The typical characteristicas of a-5i prepared
by photo-CVD summarized in Table 1.

6. A-Si single junction solar cells
1) Techniques for rasing efficiency

, the term ' solar cell'
generally signifies the p-i-n type. The temm ‘'p-
i-n type' covers a number of different structures,
however, glass/SnO/p a-S5iC/i/n a-Si/metal solar
cells are the most widely used. In this structure,
a transparentconducting film (TCD},is deposited on
the glass substrate with a CVD process. The TCD
material is generally fluorinated Sn02.

The first means of raising efficiency is to
decrease the loss of sunlight by surface refle -
tion. In order to increase light utilization, the
surface of Sn02 film is textured. Texturing should
be otimized to reduce the optical reflection of
the sunlight and to increase the cptical path
length in the cell. In addition, a highly reflet-
ing rear contact camwprised of ITO(Indium Tin
Oxide) overcoated with silver is sametimes used
to achieve reflectivities close to 100%.

A second means of raising efficiency is to
decrease the amount of absorption in the p-layer
since absorption there does not contribute to the
current gencrated by the cell. The “window effect"
appears pranising for this purpose. The standard
p-layer consists of a-SiC with an bandgap
of 2,0 eV doped with boron and is typically 100~
150 A. The carbon is incorporated to increase the
bandgap, but a-SiC of Eopt higher than 2.0 eV has
a high resistivity, which is a factor tending to
lower the fill factor. The glow discharge D
method has generally been used in the manufacture
of a-5i solar cells. However, several new
techniques have recently been developed to
increase the conductivity of the p—type window
layer. One is to use photo-CVD. The other
approach includes the application of p-type pc-Si
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or uc-5iC. Hattori and co—workers (1987) reported
that highly conductive p_type pc-SiC films could
be prepared by ECR (Electron Cyclotron Resonance)
CVD. Their material, which has an optical bandgap
of 2.25 eV, exhibits a dark conductivity as high
as 10 S5/cm which is more than seven orders of
magnitude higher than that of material prepared
by conventional glow discharge CVD. A remarkable
increase in the open-circuit voltage to 0.965 V
has been cbtained with a conversion efficiency
of 11.8% so far,

The third means of raising efficiency is to
ensure that the carriers cbtained by excitation
in the i-layer are efficiently conducted to the
external circuit. The most important point in
raising the efficiency of carrier collection is
to improve the quality of the i-layer. Localized
states in the bandgap act as recambination
centers which limit the collection of carriers,
so these states need to be minimized. The lowest
values cbtained for the density of states near
the middle of the bandgap with glow discharge
CVD, the standard, method _used by the industry
today, is about 5x1015/cm® eV. Recently, atmos-
pheric-pressure photo-CVD has been examined to
prepare high quality undoped a-Si films. It is
expected that the impurity contamination in  the
films under atmospheric-pressure conditions 1is
less than that at low-pressure conditions at the
same back—ground pressure due to the leakage out
of the growth chamber.

A-Sic has been widely used for making p-layer
material. However, solar cells incorporating such
layers may have a large number of defects near
the p(a-8iC)/i(a-Si) hetercinterface. It is becam
ing clear that the p/i interface plays an =
important role in determining the performance of
a-Si solar cells. Cne nethod to reduce interface
recanbination involves the creation of a  "buf-
fer" layer, i.e. by grading the bandgap the
p/i interface to retard electron back diffusicn
to the contact. Solar cells with a buffer layer
have markedly higher cpen-circuit voltage and
short-circuit current than cells without the buf-
fer layer(21).

2) Achievable efficiency

The author's group has developed a  detailed
and camprehensive camputer simulation model — for
a-Si p-i-n solar cells. The novel feature of this
model is that its quantitative treatment of the
interfaces in the cells makes it possible to
study the impact of various interface conditions
on the overall performance of the cell. FEE as
evident fram the results of the model that the
p/i and TCO/p interfaces are critical to cell
performance., If the improvement of the p/i and
TCO/p interfaces is carbined with the use of a
high quality i-layer, our calculations indicate
that it would be possible to raise the conversion
efficiency| of p-i-n a-Si solar cells to about 15%.

7. Problems in a-Si single junction solar cells
A-Si splar cell have the intrinsic possibility

of reduction of the amount of silicon material,
the very low energy consurption during
manufacture, the small nurber of processes and
the continuous autcmatic processability. However,
despite the expected possibility of substantial
cost reduction, several technological barriers
remain for a-5i solar cells such as lack of
knowledge in film deposition chemistry andphysics
and light-induced performance degradation, and
the inferiority to crystalline silicon solar cells
in conversion efficiency and long-term
reliability.

In order to raise conversion efficiency and
to deduce light induced-degradation, Tandem type
solar cell is the most useful candidate. High
efficiency can be attained in principle by utiliz
ing tandem solar cells consisting of a caibina-
tion of solar cells of materials having different
bandgaps, because the various layers collect
photons of different wavelengths efficiently.
Furthermore, the light-induced degradation can be
quite reduced in the tandem solar cells than the
single junction solar cells.

8. Prospects for the future

As the technology matures, the progess
inevitably slows. This is particularly evident in
the single junction devices where no substantial
increases in performance have occured recently.
A similar observation can be made for alternate
amorphous materials, such as a-S5iGe and for hybrid
pairs such as CulnSez. Fortunately, the larger
area modules and sutmodules are tracking in ef-
ficiency with the smaller devices and comwmnity
should expect continued performance improvements
over the next few years. Recent theoretical
analysis by camputer simulation indicate thatover
20% tandem module using a-Si/a-SiGe/CIS is pos
sible. If this configuration can indeed be
produced, at reasonable cost, the destiny of thin
film photovoltaics will be realized.

References

(1) Y. Hattori et al., IEEE 19th PVSC Conf., New
COrleans (1987)

(2) T. Watanabe et al., Jpn J. Appl. Phys. 26,
1288 (1987)

(3) T. Saitoch et al., Jpn. J. Appl. Phys. 22,
Suppl. 22-1 (1982)617

(4) T.L. Pollock et al., J. Am. Soc., 95 (1973)

1017

(5) R.E. Rocheleau et al., MRS. Symp. Proc. 70
(1986) 37

(6) A. Langford et al., IEEE 19th PVSC, Conf.,
(1987)

(7) I. Solamon et al., Phys. Rev. 30, 3422(1984)

(8) Y. Tarui et al., J. Non—crystalline Solids,
59&60(1983) 711

(9) S. Nakano et al., MRS Symp. Prod. 70 (1986)
511

(10) R.E. Rocheleau et al., IEEE 19th PVSC Conf.,
New Orleans (1987)

(11) S. Yamanaka et al., Jpn. J. Appl. Phys, 26
(1987) 1107



— e —— L AR e

W

CURRRENT SITUATION OF AMORPHOUS-SI TECHNOLOGY FOR SOLAR CELLS 22

(12) S. Nishida et al., J. Appl. Phys, 58 (1985)

1427

(13) Y. Mishima et al., Jpn. J. Appl. Phys., 22
(1983) 146

(14) K. Kumata et al., Appl. Phys. lett., 48

(1986) 1380

(15) T. Fuyuki et al., IEEE 19th PVSC Conf., New
Orleans (1987)

(16) A. Yoshikawa and S. Yamaga, Jpn. J. 2ppl.
Phys., 23 (1984) L9l

(17) A. Yamada et al., Jpn. J. Appl. Phys., 24
(1985) 1586-

(18) A. Yamada et al., Appl. Phys. Iett., 46
(1985) 272

(19) T. Ichimura et al., Tech. Digest of PVSEC-2
(1986) 542

(20) S. Nakano et al., 19th PVSC., New Orleans
(1987) 678

(21) W.Y.Kim et al., J. Appl. Phys., 61  (1987)
3071

(22) W.Y.Kim et al., Jpn. J. Appl. Phys., vol.27,
No.6, (1988)15

SipMs 3 €24, — =
ny +—J = L T : " T SANYO
mercury 5 M €l & Paol0-cvO PLASMA-CEVD
N ol £
0 S0k || G 4
2 16“ E Eé ) n
S .
2 Toarn =19 e g b
g |dl K ha = “taes € \\‘\\F\
s
=, 5 8- . 4
¥ s 1[5~
o 4} Ifr 7= s WL
3 : 1 1l
€ 2t S g
= w single separale single separale  Super
g chamber  chamber chaimber cramber chormber
OU 025 05 2 Fig.3: Impurity concentration in a-Si

Fig.l: Schematic diagram of four-
separate-chamber photo-CYD system.

Deposition Pressure { Torr)

films fabricated by photo-CVD
and plasma-cvD.

Fig.2: variation of conductivities and
the deposition

rakte as a

function of gas pressurce.

undoped a-SiH

t Ts.,'r'I.'.m Ixfwﬂ b Mercury-sensitized
g=GifieH  -emee= ETL [trede, W ilution] = E phole-CYD
e ) = L 0?'L
° Samm  (a-SowfH] = 18F - —=0 E s
L] <& i
= = 8 h
= : il = g imuer
] o o | 10"
" P (19 = separale
: I & é'-, ‘chamber
= — Prgio e Onh AL
ERT 3 R ‘Eo o__,,o_._.—-—o—-—.?.___‘O 5107
v B =)
§ 107 wv 10
] 2 510
g wir Eogl 5
ES o ] =15 z
el = 17
o o e = § 10
2 ‘-“‘""\4 o m-it_ u
% w2 T a Ty 5
£ o s g 12 -
4 121
S G il U ST, : e . Low - Atmospheric—
13 RIS E s = ress
CPTICAL Bardiar t:v] 5 1] 15 20 25 30 P i Rea s e
- i Fig. 6. Concraeration of 8avgen in the Blma prepared by low. and 21+
Fig.4: Elecktrlcal propestles af FLOW RATE of S|HI. (scem) marphens-grovre phowe-CVD,

racently developed a-3iGe films
fabricated by various methods,

Maximum 9ph/Jg :6x10°

Fig. 3. Vamaueon of the conductivity and the optical bandgap a1 a

funcuion of the Aow rate of monosnlanc,



