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ABSTRACT

A series of undoped and p doped a-SiC:H samples have been
made in the framework of a research plan for obtaining high
quality p-type window layers by “Plasma Enhanced Chemical
Vapor Deposition (PECVD)” technique from the mixtures of
silane(SiH,), methane(CH,) and diborane(B,Hs) gases.

For the optimization of the window layer, the dependence of the
electrical (conductivity) and optical (bandgap) properties due to
altered ratios of methane and diborane gases were investigated.
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I. INTRODUCTION

Materials with wide band gaps above 2.0 eV are
important for amorphous silicon based solar cells as the
conversion efficiency is improved by using them as a
window layer. This is due to their widely adjustable band
gap in the visible range of energy spectrum. The
advantages of these materials include a range of electrical
and optical properties which can be controlled by
changing the gas flow rates such as carbon and boron
content in the material.

It is therefore important to investigate the conductivity
and the energy gap of a-SiC:H!" from the viewpoint of
optoelectronic device applications, especially for p-i-n
solar cells, by using films with wider optical gaps than
that of a-Si:H. Due to the absorption of short wavelength
photons in the deeper levels, the efficiencies of the p-i-n
a-Si:H solar cells are quite low even when this layer is
thin enough. The energy gap value of the a-SiC:H reached
up to 2.54eV of our samples.

The present work aims at investigating the most
appropriate conductivity and band gap values of these p
layers of boron doped a-SiC:H, which are very important
for a-Si:H based solar cells in which light enters and
passes through this layer. The more the amount of carbon
incorporated into the a-SiC:H network the more
enhancement in the band gap of such materials. For this
purpose, a-SiC:H layers were grown by mixing silane and
methane and p type a-SiC:H samples were grown by
using silane, methane and diborane gases, with different
gas flow rates in both. The influence of the gas flow rates

on the dark conductivity and the band gap were
investigated.
1. EXPERIMENTAL

Silane (SiH4), methane (CH4) and diborane (B,Hs) gases
were decomposed by using the standard radio frequency
ultra high vacuum PECVD technique. A more detailed
description of the deposition system can be found
elsewhere *°!. Thin films were obtained by depositing
them on Corning 7059 glass substrates. All the undoped
and p type doped samples were grown at 300°C and
260°C respectively in 1 hour period.

The dark conductivities, o, were measured for all

samples on a planar gap-cell configuration with
evaporated Al contacts in a vacuum cryostat. Currents
were measured for temperatures varying from 293 K up to
453 K by using a picoammeter (Keithley 485).

A computer controlled Keithley source-measure unit
system was used for the current-voltage (I-V)
measurements and the ohmic nature of the contacts was
confirmed in both forward and reverse bias directions of
symmetrical current voltage characteristic curves

Optical measurements were carried out on ARC Spectra-
Pro275 model monochromator in the wavelength range
from 400 nm to 1100 nm, Bertan 205A-04R model high
voltage supply and Hamamatsu R406 model
photomultiplier. The optical band gap was determined
from the absorption spectra through using the Tauc’s
model™. Intrinsic a-SiC:H thin film series were grown at
different gas ratios and p type a-SiC:H series were
obtained by changing the diborane gas ratio by 0.06 ranks
at different methane gas ratios where methane gas ratio

(X) is: methane(sccm)/ {silane(sccm)+methane(sccm)}
and diborane gas ratio (Y) is:
diborane(sccm)/{silane(sccm)+methane(sccm)+
diborane(sccm)}

The deposition parameters were kept constant. For every
preparation, the UHV, RF power density, deposition
vacuum and period were 7.10%Torr, 30mW/cm?
800mTorr and 1 hour respectively.

I1l. RESULTS AND DISCUSSION



In this series of samples deposited, the dark conductivity
o4 decreased while X increased. Fig.l1 shows the

variation of the dark conductivity as a function of X. The
maximum conductivity was ~10"'(Q.cm)”' for the a-
SiC:H samples with minimum carbon content which was
~10°(Q.cm)™ in the a-Si:H samples.
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Figure 1. Conductivity vs. Methane Gas Ratio (X)

By using the same technique the conductivity decrease on
films deposited was consistent with the previous reports!’

Fig.2. shows the variation of the dark conductivity as a
function of Y . Conductivity had no regular variation with
the increase in the diborane level when the methane gas
level was kept constant atX =0.6. However, the
conductivity increased as the diborane level was varied
from Y=0.06 to Y=0.22 with steps of 0.06 at
constant methane level of X =0.948. In this case the
maximum conductivity was

~10"°Q.cm)™.

Band gaps were estimated from a plot of (ahv)” vs. (hv)
where o is the absorption coefficient and (hv) is the
photon energy.

As shown in Fig.3, when X increased in the range of 0 to
0.948 with steps of 0.04, E, also increased. The widening
of E, with increasing X was 0.76 eV which was 1.72 eV
in the intrinsic (a-Si:H) case. This is a clear indication that
more carbon is incorporated into the network. The
addition of carbon atoms into the silicon network caused
substitution of the weak Si-Si bond with a stronger Si-C
bond. Widening of the band gap by incorporating carbon
is in agreement with the previous works "%,
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Figure 2. Conductivity vs. Diborane Gas Ratio at 2 different Methane
Gas Ratios(X=0.6 and X=0.948)
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Figure 3.Variation of E, and E, with Methane Gas Ratio (X)

Besides this, we also illustrate in Fig.4, the variation of
the optical band gap of the p doped samples at different
gas ratios.

As has also been reported previously ! it can be seen
from the figure that E, slightly decreases due to boron
doping. A decrease in the band gap in a-SiC:H films
prepared by using PECVD at high diborane levels was
also reported by Demichelis et. al.[10] who attributed this
effect to a drastic broadening of the absorption edge
caused by the creation of defects due to boron atoms in
the present case. In this case doping in the a-SiC:H films
shifts the absorption curves to lower energies causing a
decrease in the band gap.

In the case of samples prepared at X =0.6 methane gas
ratio, the band gap shortened and conductivity increased
slightly. However, in the case of samples prepared at
X =0.948 the band gap also diminished but conductivity
increased reasonably.
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Figure 4. Variation of Ea and Eg with Diborane Gas Ratio(Y) at
two different Methane Gas Ratios(X=0.6 and X=0,948)

IV. CONCLUSION
In this study, results concerning the electrical and optical
properties of the a-SiC:H films prepared by PECVD at



various methane and diborane gas ratios were discussed in
relation to their relevance in determining the optimum p
layers that may be used in pin solar cells.

For the intrinsic a-SiC:H films, the maximum bandgap
and conductivity values obtained were E, =2.54 eV and

G4 = 6.1x107"" (Q.cm)” corresponding to X =0.95

By boron doping, the maximum band gap values obtained
for X=0.6 and X=0.95 were 1.85 eV for Y =0.05
and 2.34 eV for Y =0.06 respectively.

Maximum conductivity values obtained for X =0.6 and

X =0.95 were 64 =2.84x107° (Q.cm)’!
(Y=024)and o, =5.1x107"" (Q.cm)’ Y =0.22.
This optimization study with cross variation of gases may

allow more precise and reliable values which can be used
more accurately in the window layers of the solar cells.
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