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Superlattice Structure a-Si Films Prepared by Photo-CvD Method and
Their Application t0 a-Si Solar Cells.
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Amorphous silicon superlattice structure (a-Si/a-SiC) fiLurs nere fabricated by
the Photo-CVD method for the first time. Excellent properties were observed in
photoluminescence and electrical conductivity of the superlattice structure fi1ns.
A new type of solar ce11 was also deveLoped using the superlattice structure as the
p-layer of an a-Si solar cell, and a conversion efficiency of 10.5% was obtained.
Furthermore the superlattice strueture p-layer was found to be an effective layer
for energy conversion (photovoltaic p).

1. Introductloo
The a-Sl superlattice structure fiLm is

recently gatherlng much attention as a ne\il

material. Previously reported a-Si superlattice
structure f iLurs, however, have urainly been

fabricated by a glow discharge method (CO1.1'2)

In the glow dishcarge method, the interface
properties are deteriorated by plasrna damage, and

this becomes a serious problem for superlattice
structure films which have many interfaces. To

prevent this, rre fabrlcated a-Sl superlattice
structure films by the photo-CVD method for the

1\first tlme."/
In this report, the structuraL, optical,

and electrLcal properties of a-SiC:H/a-Si:H
superlattice structure f il-rns are described, and

the differences between the photo-CVD method and

the glow discharge method as a fabrication process

for a-Si superLattice structure filns are
discussed. Furthermore, the fi.rst application of
a-Si superlattice structure fllns to the window

layers of a-Si solar ce11s is mentioned.

2. Fabrication method and structural analysis
We fabricated a-Sl superlattice structure

filns by the photo-CVD method for rhe first time.
In the photo-CVD method, low pressure mercury

lamps were used as the light source for the direct
decomposition of Si2H6 (a-Si) or Si2tt6+C2II2

(a-SlC). The reaction conditions are shown in

D-10-5

Table I Typical reaction conditions of the photo-
CVD method and glow discharge merhod

Plasma UV Lamp

Shutter Substrate

rFchamber i-chamber F-chamber
(photo CVD)

Fig. 1 Reaction system (consecutlve, separated
reactlon chamber apparatus) of super-
lattice structure filrns and solar cells

Table 1. For comparison, a-SlC/a-Si superlattice
structure filns were also fabricated by the gLow

discharge method. Fig. I shows the reaction
system for the superlattice structure filns and

solar cel1s.
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In order to artalyze the structure of the

superlattlce, a-Si:II of 25A and a-SlG:H of 25A

were deposlted by the photo-CVD method. The depth

profiles of compositi-on atoms (Si' C) were

measured by AES (Auger electron sPectroscoPY) ' as

shown in Fig. 2.

The atomic concentration of Si and C varies

perlodically, which corresPonds to our deslgn.

The X-ray diffraction of an a-Si superlattice
structure fil-rn in which a-Si:H filn of 50A and

a-SiC:II film of 30A are stacked alternatively was

measured. The Bragg reflection peak was shown at

1.10 degrees, which corresponds to the periodlcal

structure of 80A. The first peak posltion of the

Bragg reflectj-on corresponds to the designed

period.
Therefore, the atomic sharpness of the

amorphous superlattice structure fl1rn prepared by

the photo-CVD method was thought to be sufficient.

3. Comparison of fabrication methods

In order to compare the photo-CVD method with

the glow discharge method as a fabrication method

for a-Si superlattlce structure films, the

photoluminescence (PL) sPectra were measured for
an a-SiC alloy: &rr a-SiC/a-Si superlattlce
structure fihn fabricated by the glow dlscharge

method, and an a-SiC/a-Si superlattice sLructure

filn fabricated by the photo-CVD method' as shown

in Fig. 3. The PL lntensity of the superlattice
structure fihns was two orders higher than that of

the alloy, and this is thought to be caused by the

quantization effect. In the case of the photo-CVD

method, the PL intensity was about 4 times higher

than that of the glow discharge method, and this
is thought to be due to the reduction of plasma

danage. Therefore, the photo-CVD rnethod was found

to be suitable for the fabrication of a-Si

superlattice structure films.

4. Current transport mechanism

The transport properties vertical to the

interfaces of the superlattice structure fl1ms

were investigated. The current-voltage charac-

teristics vertical to the interfaces of the

superlattice structure films are shown in Fig. 4.

The experlmental values, indicated by dots'

correspond well to the caLculated valuest

indicated by the sol.id line, which are based on
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Fig. 2 Depth profiles of compositional atoms
neasured by AES
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the tunnellng transport as given by equation (1).

iocv""*pt-$l 
- 

(t)

.l

o - {./2t*- (gd.)u o
3qh

where d- is the barrier height of a-SiC:II ro
a-Si:II. The barrier height d- calculated from the
slope of the T/r2 vs. IIV plot was 0.3eV.

The activation energy of dark conductivity
for the a-S1:II and a-SiC:H, which were used as the
well layers and the barrier layers, respectively,
nas larger than 0.7eV, but that of the super-
lattlce structure fllns was smaller than 0.4eV.

These results indicate that the carrier
transport mechanism is mainly the tunneling effect
in the superlattice structure fi.lms.

The photoconductivi-ty-and dark conductivity
vertlcal to the interfaces of the a-Si/a-SiC
superlattice structure films were measured. The

results are shown in Fig. 5 as a function of the
optical bandgap. Boron atoms were doped into
a-Si:H filns in the doped superlattice structure
films. In the wide oprical bandgap region, rhe
photoconductivity of the superlattice structure
films was much higher than that of a-SiC:H filns
fabricated by the glow discharge method, even in
doped superlattice films.

The a-Si/a-SiC superlattlce structure filn
was found to show good propertles as a wide
bandgap material.

5. Application to a-Si solar ee11s

The photoconductivity of an a-SiC/a-Si super-
lattice structure p-layer nas irnproved to the
Level of 10-7 O-l;1 wlrh an oprlcal bandgap of
2.LeY, which was one order higher than that of an

a-SlC al1oy with the same optical bandgap. Thus,

\re used the superLattice structure filns as the
window layer of an a-Si solar ce1l for the first
time.

The collection efficiency spectra of a glass/
TC0/p-superlattice srrucrure (a-SiC/a-Si) /i (a-Si) /
n(a-Si)/ltetal solar ce1l is shown in Fig. 6. A

remarkable increase in the colLection efficiency
in the short wavelength reglon was observed.

The increase in the collection efflclency can

be explained as follows. The conventional p-layer
(a-Si or a-SiC) has poor properties as an

effective area for photovo1taic effect, and the
i-1ayer is thought to be the main region for

O O nondope superlattice film

I tr B doped superlattice film

l--
\"'-

GD a-SiC

O6

2.O 2.2

Optical bandgap, Eopt (eV)

Photoconductivlty and dark conductlvity
vertical to the interface as a function
the optl-cal bandgap

,E
o

l5

.=

.z
C)

='roc
o

C)

1o-4

106

-8
10

-10
10

1.8

Fig.5

la

of

Superlattice

- Conventional

gffi 4Ag 5gO 6AA 7AA 8Ag
HFIVELENGTH (nm )

Fig. 6 Collectj-on efficiency spectra of the
superlattice structure p-1ayer solar ce11

photovoltaic energy conversion. This is because

the lifetime of minority carrier in the p-layer
was sma1l compared with that in the i-layer, which
causes 1ow photoconductivity and 1ow photo-
luminescence intensity. On the other hand, the
superlattice p-layer shows hlgh photoconductlvity
and high photoluninescence intensity, compared

with the conventional p-1ayer nentioned above.
So we thought the superlattice structure p-layer
could be an effective area for photovoltalc
effect, and called it rrphotovoltaic pil. In order
to confirm this effectr w€ calculated the
theoretical collection efficiency spectrum with
the optical properties, such as the absorption
coefficlent spectrum and interference bffectr €ls

shown ln Fig. 7. In the figure, when the internal
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quantum efficiency (P) in the p-layer is 0' the

calculated collection efficiency sPectrum ls quite

different from the experimental value, as shown in
the broken line. When P is 0.7, the calculated

spectrum is relatlvely sirnilar to the experimental

value. So, the superlattice structure p-layer is
thought to be an active area for Photovoltaic
effect.

A conversion efflciency of IO.5% was obtained

for this type of superlattice structure p-layer

a-Si solar cell, as shown in Fig. 8.

6. Conclusion

Anorphous silicon superlattice sLructure

films rrere fabricaLed by the photo-CVD rnethod for
the first time. The accuracy of the structure of

the a-Si/a-SiC superlattice strucLure filn \ilas

conflrmed by AES and Bragg reflection of X-ray.

It was found that the photoluminescence intensity
of superlattice structure fi-hns fabricated by the

photo-CVD nethod was about four times larger than

that of similar films fabricated by the gLow

discharge method. The carrier transport mechanism

vertical to i-nterf aces of the superlattice f i1m

was thought to be mainly the tunneling transport.

We have also developed a new type of cell
using the superlattlce structure as the p-layer of

an a-Si solar ce11 for the first time. A

remarkable increase in the collection efficiency
in the short waveLength region was observed, and

the superlattice structure p-1ayer was found to be

an active layer for energy conversion, whlch we

called rrphotovoltaic prr. A conversion efficiency
of L0.5% was obtained for a glass/TCo/p-super-

lattice structure/in/l,teta1 a-Si solar cel1.
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