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Properties and fabrication technical data on glow discharge produced hydrogenated amorphous
silicon carbide have been described. A series of experimental studies of the effects of impurity doping
on amorphous silicon carbide has also been carried out. It has been shown from the experiment
that hydrogenated amorphous silicon carbide prepared by the plasma decomposition of [SiH 4 -,
+ CHyx)] gas mixture has a good valency electron controllability. Employing the property of the
valency controlled a-5iC:H as a wide gap window junction, a-SiC:H/a-Si:H heterojunction solar
cells have been fabricated. As a result, we have succeeded in breaking through an 8°, efficiency
barrier with this new material. A typical performance of a-SiC :H/a-8i:H heterojunction cell is J,. of
1521 mA/em?, V.o of 0.8% V, FF of 60.1°, and n of 8047 .

1. Introduction

Since Carlson and Wronski first developed an amorphous silicon solar cell in 1976
[1], remarkable progress has been seen in both material science and fabrication
technology [ 2]. As a result, the efficiency of a-Si solar cell has been sharply improved:
announced conference records are 7.55% with a-SiC:H/a-Si:H heterojunction cells
[3). 7.0%, with inverted p-in cells [4] and 6.6%; with a-Si:F:H MIS cells [5].

The p-i-n a-Si solar cell might provide better reproducibility as well as being
amenable to mass production and design control when put into practical application
[6]. However, the p-i—n cell has one deficiency, that is, a large ineffective optical
absorption in the p-layer which has a narrow optical band gap with a high density
of nonradiative recombination centers [7]. Because of this ineffective absorption in
the p-layer, the short-circuit current density decreases with increasing p-layer thick-
ness conftrary to the increase of the open-circuit voltage. Therefore, there exists an
optimum thickness of the p-layer in the p-i- n a-Si solar cell, that is, about 80 A [9].

*On leave from Kanegafuchi Chemical Industry Co. Ltd. 1-2-80 Yoshida-cho. Hyogo-ku. Kobe 652,
Japan.
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The ineffective absorption in the p-layer can be estimated to be about 12, at a wave-
length of 5000 A even if the thickness of p-layer is only 80 A If the optical absorption
coefficient of p-side window material can be reduced to less than 1/10 of that of
a-St:H, this ineffective absorption might become negligibly small and the incident
photon flux into an i-layer would increase. Therefore, using a valency electron con-
trollable wide gap material as the window side junction material. we can improve
not only the short-circuit current density but also the open-circuit voltage by in-
creasing the p-layer thickness.

Recently, we have found a good valency electron controliability in a hydrogenated
amorphous silicon carbide(a-SiC:H) prepared by the plasma decomposition of
[SiH,4 -5+ CH,y,y] gas mixture [9-11]. An a-SiC:H was firstly reported by Ander-
son and Spear [12]. Since their work, structural and photoluminescence studies of
a-SiC:H have been performed [13-15]. However, information on the elfects of
impurity doping on the basic properties of a-SiC:H have not been reported. This
paper presents a series ol experimental data on the optical, electrical and oploelec-
tronic properties of a-SiC:H for the highly efficient a-Si solar cell Utilizing this
valency controllable a-SiC:H as the p-side window, a-8iC:H/a-Si:H heterojunction
solar cells having an efficiency of more than 8%, have been developed.

2. Preparation and characterization of a-SiC:H films
2.4, Preparation of a-SiC :H films

Films of a-5iC:H were prepared with the plasma decomposition system as des-
cribed in fig. 1. An 4-SiC:H film can be fabricated by glow discharge decomposition
of silane and hydrocarbon gas mixture [12-15]. However, the structure and opto-
electronic properties of a-SiC :H films are significantly dependent upon both carbon
sources and deposition conditions. Therefore, we examined the deposition con-
ditions, the structure and the optoelectronic properties of a-SiC:H films which used
methang{(CH,) and ethylene(C,H,) as carbon sources. The a-SiC:H film which used
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Fig. . Schematic diagram of the plasma reaction chamber.
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Table 1

Deposition condition

SiH, 10%, in H,

CH, 10%, in H,

B.H.. PH, 500 ppm, 1000 ppm in H,
Pressure 23 Torr

Total flow 100 scem

RF power W

Toub 250°C

C,H, contains predominately Si-C;H;. On the other hand, in the a-8iC:H film which
used CH,, the Si—-CH, bond 1s weakly present and other carbon atoms are incorpora-
ted as tetrahedral carbon in the amorphous Si network. On the other hand, from the
view point of optoelectronic properties the a-SiC:H films which used CH, are
superior to the a-SiC:H films which used C,H,. From these results, we adopted
methane(CH,) as a carbon source instead of ethylene(C,H,) as used by Anderson
and Spear [12]. Furthermore, we optimized the deposition condition of boron doped
a-SiC:H to promote tetrahedral bonding of carbon in a-8iC:H. The conditions ol
D=10 cm and rf power=35 W were chosen for the deposition of a-SiC:H. The
detailed results will be reported in a separate paper in the near future. a-SiC:H films
were deposited by the decomposition of [SiHg; -+ CHy,] on Corning #7059
glass for electrical, optical and optoelectronic measurements, and on high resistivity
¢-5i for IR spectrum measurement. The deposition conditions are shown in table I.

2.2. Optical and photoconductive properties of a-SiC:H

The optical band gap E,.,; of a-8iC:H films was determined from the straight
line intercept of (aficw) ~'/? versus fiw curve at high absorption region (x> 10*/cm)
following the analysis of Davis and Mott [16]. It seems unreasonable to measure
the photoconductivity of a-8iC:H having a different optical band gap ranging from
1.76 to 2.2 eV under the same monochromatic illumination. Therefore, for various
compositions of a-SiC:H, photoconductivity was measured under AM-1 {100 mW/
cm?) illumination and under monochromatic illumination at which a-SiC:H has
10%/em optical absorption coefficient. The monochromatic photoconductivity was
normalized to yut proposed by Zanzucchi et al. [17]. Fig. 2 shows the photocon-
ductivity 6,, under AM-1 illumination versus the normalized photoconductivity
nut for various compositions of a-SiC:H which have optical band gaps from 1.76 to
2.2 eV. Asisseen in this figure, there exists an obvious relation between AM-1 photo-
conductivity and normalized photoconductivity. From the$e results, it is recognized
that AM-1 photoconductivity can be commonly used as a quick judging method for
optoelectronic properties of a-SiC:H having a different optical band gap energy [rom
1.76 to 2.2 eV.

Fig. 3 shows the gaseous compositional dependence of the optical band gap
£ yopy @nd AM-1 photoconductivity oy, of a-8iC:H. The optical band gap of undoped
and boron doped a-SiC:H increases with increasing methane [raction of (x), but
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Fig. 2. AM-1 photoconductivity oy, versus normalized photoconductivity nut for various compesitional
a-SiC:H films.

| R SN SN B S BN B
a.0:undoped Jdigt
.9 B doped

2.2 Pl

\. A <5
3 Bpn /4/ A/ .
[ ] /A

2.1
Z 8
<20 S\o ~16° &
a £
5 §
u,jmlg -

o 457\?
1854
17 g8

c 05
Sty Chag

Fig. 3. Optical band gap E
fiims.

gopyatd AM-1 photoconductivity oy, of undoped and boron doped a-SiC:H

the AM-1 photoconductivity of undoped material significantly decreases by adding a
small amount of methane. On the other hand, boron doped material shows one to
four orders of magnitude larger photoconductivity compared with undoped material.
These improved photoconductivities of boron doped a-SiC:H are worth noting.

2.3 IR spectra of a-SiC. H

Fig. 4 shows the 5i-H stretching mode absorptions ol a-SiC:H deposited at T, =
2507C. As can be seen from this figure, the IR absorption coeflicient of the 2000 ¢m !
band decreases and the IR absorption coefficient of the 2090 cm ™' band increases
with the increase of methane fraction ol (x). Comparing this IR spectra with the
significant photoconductivity decrease of undoped a-SiC:H us shown in fig. 3, there
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Fig. 4. IR stretching mode absorption of a-8iC:H films deposited at the substrate temperature of 250°C.

might be a close relationship between the increase of 2090 cm ! band and the de-
crease of photoconductivity in undoped a-SiC:H. Wieder et al. [ 18] identified the
2090 cm ™! band as arising from the vibrational stretch of monohydride Si-H bonds
attached with one, two or three carbons, respectively,

A
Si—?i—H, C—?i—l—l, C—?i—H.
C C C

It may be possible that the decrease of photoconductivity in undoped a-SiC:H is
caused by monohydride Si-H bonds attached with carbons.

24. Effects of impurity doping on the basic properties of a-SiC-H

Fig. 5 shows a summary of the effects of impurity doping on the basic properties
of a-SiC:H prepared by the plasma decomposition of [SiH,g.8+CHyo.2,]- As is
seen in this figure, the dark conductivity g, at room temperature is of the order of
10~ * (Qcm) ! for 5% diborane doping and of the order of 102 (Qcm) ! for 0.1
phosphine doping. In contrast with these, the dark conductivity of undoped a-SiC:H
is of the order of 107'° (Qcm)~!. The activation energy AE clearly changes from
1.08 eV for undoped a-SiC:H to 0.4 ¢V for diborane doping and to 0.2 eV for phos-
phine doping. So far as ascertained in terms of electrical conductivity and thermo-
electric power measurement, p-n control is well achieved. The optical band gap
E yop of doped a-5iC:H is almost constant except for sufficiently high boron doping.

Fig, 6 shows the effects of doping on the basic properties of a-SiC:H produced by
decomposition of [S$iHyg.5,+ CHy4w.5,] gas mixture. A clear valency electron con-
trollability can be also seen even in this case. The dark conductivity oy is on the
order of 10~ % (Qcm) ! for 1%, diborane doping and on the order of 1072 (Qcm)™*
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Fig. 5. Effects of impurity doping on the basic properties of a-5iC:H films prepared by the plasma decom-
position of [SiHyo 8+ CHa05)].
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Fig. 6. Effects of impurity doping on the basic properties of a-SiC:H films prepared by the plasma decom-
position of [SiH g 5, + CHy 5 )-

for 0.2%, phosphine doping. The dark conductivity of undoped a-SiC:H is too small
to measure at room temperature. The minimum activation energy is 0.4 and 0.3 eV
for p- and n-type, respectively. In this case, the photoconductivity recovery by doping
is remarkable, but the photoconductivity is one order smaller than the case of x =0.2.
Optical band gap in this case is influenced by the impurity doping and decreases
with the increase of doping fraction for both boron and phosphorus doping.

As can be seen in these data, a-SiC:H prepared by the plasma decomposition of
[SiH.( - »+CHy(,] gas mixture can be effectively doped and might become a very
useful window material for both a p-layer in the p-i-n structure and a n-layer in the
inverted p-i-n cell structure.
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3. a-8iC:H heterojunction solar cell and their properties
3.1. Fabrication of glass/Sn0,/p a-SiC :H/i-n a-5i:H/ Al heterojunction solar cells

Various types of junction structures are now being investigated all over the world
[19]. We have paid attention particularly to the junction structure of the p i-n
heteroface type [20] with a view to better process controllability and reproducibility
for low cost solar cell production in the future. There are two types of p-i-—n heteroface
solar cell. One is glass/ITO(SnO,)/p-i—n/metal and another one is ITO/p-i -n/metal
substrate. In the present experiment, the glass/SnQ,/p-i—n/Al structure was em-
ployed because the fluctuation of series resistance originating in a transparent elec-
trode in a solar cell was successfully suppressed. The substrate temperature during
deposition was 250°C. A boron doped a-5iC:H layer of 100 A was deposited on the
substrate. Then an undoped a-Si:H of 5000 A and a phosphorus doped a-Si:H of
500 A were successively deposited. An aluminum electrode was evaporated onto
the surface of an n-layer as a back side contact.

It is widely accepted that the properties of a-Si:H films are strongly influenced by
rf power [21, 22]. Therefore, we optimized the deposition condition of undoped and
phosphorous doped a-Si:H [9] in the p-i-n a-Si:H heteroface solar cell. One of the
noticeable merits of our reaction system is that we can control the relative position D
of the substrate to the discharge plasma while the energy density of the plasma can be
controlled by adjusting the position of the rf coupling electrodes set outside the
reaction chamber perpendicularly to the substrate as shown in fig. L.

To the extent of this experiment concerning the undoped a-Si:H layer optimization
in our deposition system, the most favorable condition for solar cell fabrication is
D of 10 cm and tf power of 35 W [20]. Therefore, the conditions of D=10 cm and
rf power of 35 W were chosen for the deposition of the undoped a-Si:H layer in
a-Si1C:H/a-Si:H heterojunction cells.

We examined the basic properties of phosphorus doped a-Si:H (PH,/SiH,=
0.5 mol?,) as a function of f power for the electrode position D of 12.5 cm, as shown
in fig. 7. As is seen in this figure, the dark conductivity increases exponentially and
the activation energy decreases with increasing rf power in the region of more than
60 W. A crystalline structure was observed by the X-ray diffraction patterns in a
phosphorous doped a-Si:H decomposed by more than 150 W rf power. A high
conductive n-layer 1s favorable to reduce the series resistance of solar cells, but a
higher rf power deposition might bring about impurity inclusion and also bombard-
ment effects on the film. Therefore, we deposited phosphorous doped a-Si:H in the
a-SiC:H/a-Si:H heterojunction solar cell under the condition of rf power= 150 W
and D=12.5 cm.

The sensitive area of solar cell is 3.3 mm? which was carefully evaluated to be about
5% larger than the deposited area of aluminum bottom electrode (area=3.14 mm?)
by taking account of the experimentally confirmed edge effect to the photocurrent.
J-V characteristics measurements were carried out under an AM-1 solar simulator.
The solar simulator was calibrated by the standard a-Si solar cell. The performance of
this standard cell was measured under sun light (near AM-{ sun light, at Toyonaka,
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Fig. 7. Basic properties of phosphorus doped a-5:iC:H films (PH;/SiH,;=0.5 mol%,} as a function of rf
power for electrode position D=12.5 cm.

Osaka, Japan, July 1980} At this time, the solar radiation energy was measured by a
NASA-calibrated ¢-Si solar cell and a pyroheliometer.

3.2. Basic properties of a-SiC:H in a-SiC :Hja-Si:H heterojunction solar cell

Hydrogenated amorphous silicon carbide showed not only a photoconductivity
recovery effect by doping but also a valency electron controllability for both donors
and acceptors. In the p-i-n cell structure, the activation energy AE and the dark
conductivity a4 of the p-layer are generally required to be less than 0.6 ¢V and more
than 10~ 7 {€em) ™~ *, respectively. Therefore, p-type a-SiC:H having a wide band gap
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Fig. 9. Optical absorption spectra of boron doped a-SiC:H films as a parameter of optical band gap E yopy

ranging from 1.8 to 2.1 eV was utilized in the solar cell construction. The activation
energy AE and the dark conductivity o, of these a-SiC:H films were about 0.55 eV
and on the order of 107 (Qcm) ™!, respectively as shown in fig. 8.

Fig. 9 shows the optical absorption spectra of these a-SiC:H alloys as a function
of wavelength. Asis seen in this figure, the optical absorption spectra of these materials
shift to higher energy region as compared with a-Si: H. An essential matter required for
high efficiency a-5i solar cell is to effectively introduce the incident photons into the i-
layer where the photocurrent is mainly produced. The ineffective absorption in the
window side p-layer having an optical band gap of more than 2 eV for the p-i-n
junction cell is negligibly small; on the other band, there might be about 129 in-
effective absorption in a p-layer of a p—i-n a-Si:H solar cell. Utilizing a-SiC:H as a
p-side window material, we have fablicated a-SiC:H/a-81i:H heterojunction solar cells.

3.3. Photovoltaic performances of a-SiC:H/a-Si:H heterojunction solar cells as a
Junction of the optical band gap of p-type a-SiC:H

Fig. 10 shows the photovoltaic performances of a-SiC:H/a-Si:H heterojunction
solar cells as a function of the optical band gap E,, of p-type a-SiC:H. As is seen
in this figure, not only the short-circuit current density J;. but also the open-circuit
voltage V. increases with increasing the optical band gap E 4, of the p-layer. The
short-circuit current density J,. increases from 10.5 mA/jem? for an E,,, of 1.76 eV
that is p-type a-Si:H, to more than 12.4 mA/cm? for an Eopy of 2.05 eV and shows a
tendency to saturate for an E,; of more than 2 eV. The open-circuit voltage ¥, also
increases from 0.80 to 091 V as the increase of Ey,p, of p-layer from 1.76 to 2.11 eV.
The fill factor FF is almost constant except for Eg,,, of more than 2.1 eV. To the
extent of the present experiments concerning boron doped a-SiC:H having E, ., of
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more than 2.2 eV, it is difficult to control its valency electron. Therefore, there exists
an optimum £, of the p-layer, that is, about 2 €V at the present stage. If we could
control the valency electron of a-SiC:H having an E,,, of more than 2.2 eV, it
might be possible to make this optimum E,,,, larger.

3.4. Effects of p-type a-8iC:H on the short-circuit current density J.. and the open-
circuit voltage 'V .

a-S8iC:H/a-51:H heterojunction solar cells show not only larger J,. but also larger
V.. than the ordinary p-i-n a-Si:H homojunction solar cells. More direct experi-
mental evidence can be seen in the collection efficiency data as shown in fig. 11. As
is seen in this figure, the collection efficiency of these heterojunction cells is extremely
improved especially near the peak of the solar energy spectrum with increasing
Egopy of the p-layer. These improvements are caused by a wide gap window effect
of the p-layer and also by the enhancement of the internal ¢lectric field caused from
the larger potential difference at the p—i interface. The fermer resuits in the reduction
of the optical loss in the p-layer and the latter increases the carrier collection efficiency.

As for effects of a-SiC :H on the open-circuit voltage ¥,., there exists a clear correla-
tion between the open-circuit voltage V,. and the diffusion potential IV in a p-i-n
junction, as shown in fig. 12. The p-type a-SiC:H can increase the diffusion potential
of a p-i-n junction and 1/3 part of the increased diffusion potential contributes to
the increase of the open-circuit voltage V... This result shows us that it might be
possible to obtain a larger open-circuit voltage by optimization of p-type a-SiC:H.
These experimental facts imply that not only a wide gap window effect, but also a
voltage factor due to the potential profile steepened with a wide gap a-SiC:H con-
tribute to the improvement of the photovoltaic performances of a-8iC:H/a-Si:H
heterojunction solar ceil.
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3.5. Photovoltaic performances dependence on the thickness of p-type a-SiC-H

It is well known that the open-circuit voltage V. and the short-circuit current
density J,. strongly depend upon the thickness of a p-layer in a p—i—n a-Si solar cell
[7]. This dependency is caused by a homogencity and a large optical absorption of a
p-type a-SiC:H. The a-SiC:H film has a larger optical band gap than the a-Si:H
film so that the photovoltaic performance dependence on the thickness of p-type
a-SiC:H may be different from the case of p-type a-Si:H. Fig. 13 shows the photo-
voltaic performance dependence on the thickness of the p-layer having an E,, of
2.05 eV. The short-circuit current density J,, increases with increasing thickness up
to about 100 A, and does not exhibit any change even though the p-layer thickness
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is more than 100 A. It is because the optical absorption of this p-layer is so small that
the ineffective absorption is almost negligible. The open-circuit voltage ¥,. increases
up to 0.91 V with increasing p-layer thickness. However, the increase of the p-layer
thickness reduces the fill factor FF owing to the effect of series resistance involved in
a p-layer. Therefare, the optimum layer thickness of the p-layer is 100 A.

4. Typical J- V characteristics of a-SiC:H/a-Si:H heterojunction solar cells

Through further optimizations of film quality and cell parameters, the conversion
efficiency of an a-SiC:H/a-Si:H heterojunction solar cell has been improved to
7.82%. While, an ordinary p-i- n a-8i:H homojunction solar cell showed the conver-
sion efficiency of 5.7%. Fig. 14 shows J-V characteristics of this 2-SiC:H/a-8i:H
heterojunction solar cell and an ordinary p-i-—n a-5i:H homojunction solar cell for
comparison. The performance of an a-SiC:H/a-Si:H heterojunction solar cell is
n=782%, V,.=0903 V, J,.=13.76 mA/cm? and FF=629",. On the other hand, the
conversion efficiency of an ordinary p—1—n a-51:H solar cell is 5.7, with K. of 0.801 V,
Js.0f 11.02 mA/em?® and FF of 64.79%,. As is seen in these data, the performance of an
a-SiC:H/a-Si:H heterojunction solar cell is clearly improved by 249% in J,, 13.7%;
in vV, and 37%, in » as compared with an ordinary p-i—n a-Si:H homojunction
solar cell. These remarkable improvements of J,. and V. are caused by the wide band
gap effects of a-SiC:H, that is, the decrease of ineffective absorption in the p-layer
and the increase of the diffusion potential in the p-i-n junction. The sensitive
area ol these cells is 3.3 mm?. As for a large area solar cell (1.0 ¢cm*), the conversion
efficiency of 7.72% has been obtained with J,.=14.06 mA/cm? V,.=0.880 V and
FF =62.4%, with glass/[TOQ/Sn(}, substrate as shown in fig. 15.
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Fig. 17. The highest photovohaic performance of an a-SiC:H/a-Si:H heterojunction solar cell with glass/
antireflective ITO substrate J..= 1521 mA/em?, V,.=0.880 V, FF=60.1%, n=8.04",. Area=13 mm?.
Poo=100 mW/cm?

Fig. 16 shows the reflection spectra of these solar cells. As is seen in this figure,
the loss by reflection can be estimated 1o be from 12 to 15%, This can be reduced to
less than 5%, by the optimization of the thickness of 1TO; then more than 8% con-
version efficiency has been obtained with the a-SiC:H/a-Si:H heterojunction solar
cell structure as shown in fig. 17. The performance of this ceil is J;, of 15.21 mA/cm?.
V,.of 0.88 V. FF of 60.1%;, and n of 8.04%,.

Furthermore, the best short-circuit current density, open-circuit voltage and fill
factor separately observed in a-SiC:H/a-Si:H heterojunction solar cells are 15.21
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mA/cm?, 091 V and 0.71, respectively. Therefore, the efficiency of 9.8%, might be
realistically obtained in a near future with a-SiC:H/a-Si:H heterojunction structure.

5. Discussion and summary

We have conducted a series of experimental investigations on the optical, electrical
and optoelectronic properties of a-SiC:H prepared by the plasma decomposition of
[SiHa( - o+ CHg,,,] and also on the usefulness of a-SiC:H in a-SiC:H/a-Si:H hetero-
junction solar cells. The photoconductivity of an undoped a-SiC:H sharply decreases
with increasing methane fraction, but boron doped a-SiC:H shows one to three
orders of magnitude larger photoconductivity as compared with undoped material.
From the investigation of the IR spectra, the decrease of photoconductivity in an
undoped a-SiC:H correlates with monohydride Si-H bonds attached with carbons.
The results of impurity doping on a-SiC:H imply that there is good doping efficiency
for both donors and acceptors. Furthermore, a doped a-SiC:H has a large optical
band gap which can be controllable by methane fraction. So far as ascertained in terms
of electrical conductivity and thermoelectric power measurements, p-n control is well
achieved in a-SiC:H having E,,nfrom 1.8 to 2.1 V. The p—i—n cell has a deficiency
which results from a large ineffective optical absorption in the p-layer. This ineffective
absorption can be estimated to be about 122, at a wavelength of 5000 A even if the
thickness of the p-layer is only 80 A. Utilizing a valency electron controllable wide
gap material having E g, of more than 2 eV as a window side doped layer, this
ineffective absorption is made negligible and the incident photon flux into the i-
layer increased. Therefore, these results show us that a-8iC:H is a very useful window
material for both p-i-n and inverted p—i-n cell constructions. We investigated the
effects of a-SiC:H in a-SiC:H/a-Si:H hetercjunction solar cells. It is clear that not
only J. but also ¥, of the a-SiC:H/a-Si:H heterojunction solar cell increases with
increasing Fy,n, of a-SiC:H. The collection efficiency of these cells is extremely
improved especially near the peak of the solar energy spectrum with increasing
E 4o of the p-layer. These improvements are caused by the wide band gap effect of
a-SiC:H. This is because an a-SiC:H reduces the ineffective absorption in a p-layer
and increases the internal electric field in a p—i-n junction. As for the increase of
V... a clear relation can be seen between the open-circuit voltage V. and the diffusion
potential ¥;. From this linear relation, it is recognized that 1/3 of the increase of the
diffusion potential contributes to the increase of the open-circuit voltage ¥... This
result shows that it might be possible to obtain a larger open-circuit voltage ¥, by
the optimization of a-SiC:H. As for the optimum E,,, of p-layer, it can be estimated
to be about 2 eV.

The conversion efficiency given by the further optimization with glass/SnQO,
substrate is 7.82%, with J.. of 13.76 mA/cm?, ¥, of 0903 V and FF of 62.9%,. Com-
paring this cell with an ordinary p—i-n a-Si:H homojunction solar cell, the perform-
ance of this a-SiC:H/a-Si:H helercjunction solar cell is clearly improved by 24.9% in
J, 12.7% in ¥,.and 37% in . As for a large area (1.0 cm?) solar cell, 7.72%, conversion
efficiency has been obtained with J;. of 14.1 mA/em?, ¥, of 0.880 V and FF of 62.4%;
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by using a glass/ITO/SnO, substrate. The loss by retlection of these cells was esti-
mated to be from 12 to 15%, We can reduce this reflection to less than 5% by the
optimization of ITO thickness. Therefore, more than 8%, conversion efficiency has
been obtained with glass/ITO/p a-SiC:H/i-n a-Si:H heterojunction structure. The
performance of this cell is J,, of 15.21 mA/em?, V. of 0.88 V, FF of 60.1%, and # of
8.04%. This result shows that a-SiC:H is one of the most [avorable window side
Junction materials. Furthermore, the best short-circuit current densily, open-circuit
voltage and fill factor separately observed in a-SiC:H/a-Si:H heterojunction solar
cells are 15.21 mA/em?, 091 V and 71%,, respectively. Therefore, an efficiency of 9.8¢,
might be realistically obtained in the near future with an a-8iC:H/a-Si:H hetero-
Junction structure. An additional noticeable merit in the proposed new solar cell is 1
very strong mechanical strength with chemical and thermal stabilities.
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