
Hindawi Publishing Corporation
International Journal of Photoenergy
Volume 2012, Article ID 890284, 6 pages
doi:10.1155/2012/890284

Research Article

Characterization of Nanocrystalline SiGe Thin Film
Solar Cell with Double Graded-Dead Absorption Layer

Chao-Chun Wang,1 Dong-Sing Wuu,1 Shui-Yang Lien,2 Yang-Shih Lin,1 Chueh-Yang Liu,2

Chia-Hsum Hsu,3 and Chia-Fu Chen2

1 Department of Materials Science and Engineering, National Chung Hsing University, 250 Kuo Kuang Road, Taichung 402, Taiwan
2 Department of Materials Science and Engineering, MingDao University, ChungHua 52345, Taiwan
3 Graduate Institute of Precision Engineering, National Chung Hsing University, Taichung 402, Taiwan

Correspondence should be addressed to Dong-Sing Wuu, dsw@dragon.nchu.edu.tw

Received 1 June 2011; Accepted 17 October 2011

Academic Editor: Leonardo Palmisano

Copyright © 2012 Chao-Chun Wang et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

The nanocrystalline silicon-germanium (nc-SiGe) thin films were deposited by high-frequency (27.12 MHz) plasma-enhanced
chemical vapor deposition (HF-PECVD). The films were used in a silicon-based thin film solar cell with graded-dead absorption
layer. The characterization of the nc-SiGe films are analyzed by scanning electron microscopy, UV-visible spectroscopy, and Fourier
transform infrared absorption spectroscopy. The band gap of SiGe alloy can be adjusted between 0.8 and 1.7 eV by varying the
gas ratio. For thin film solar cell application, using double graded-dead i-SiGe layers mainly leads to an increase in short-circuit
current and therefore cell conversion efficiency. An initial conversion efficiency of 5.06% and the stabilized efficiency of 4.63% for
an nc-SiGe solar cell were achieved.

1. Introduction

The band gap of amorphous silicon-germanium (a-SiGe)
alloy can be adjusted between 1.4 and 1.7 eV by varying the
Ge fraction. This characteristic renders a-SiGe a suitable light
absorber material in multijunction amorphous-silicon- (a-
Si-) based thin film solar cells, in which the a-SiGe acts as
intrinsic layer in middle cells to enhance green-to-red ab-
sorption [1, 2]. Though the electronic properties deteriorate
with Ge alloying, some earlier studies have shown that these
properties can be improved when alloys are deposited at high
pressure and high hydrogen dilution [3, 4]. In recent years,
significant improvements in solar cell performance were
achieved by a band gap graded intrinsic i-layer [5]. How-
ever, the solar cells with those a-SiGe films show a significant
light degradation [6].

In this work, nanocrystalline SiGe (nc-SiGe) films have
been introduced to the single junction p-i-n solar cell, be-
cause of the enhanced response in longer wavelength
(>650 nm) of solar spectrum and higher light-induced sta-
bility. The main structural and optical properties of nc-SiGe

samples deposited at different gas ratios were first described.
Then, the double graded nc-SiGe films are used as absorption
layer of a solar cell and its photovoltaic performance is also
discussed.

2. Experimental

The SiGe films were deposited on glass using high-frequency
(27.12 MHz) plasma-enhanced chemical vapor deposition
(HF-PECVD) in an ultrahigh-vacuum, single-camber, load-
locked deposition system. Table 1 listed the deposition con-
ditions of SiGe films. The gas ratio x, which was defined
as [GeH4]/([SiH4] + [GeH4]), was changed from 0% to
100% to prepare SiGe films. The thickness for all samples
was 700 nm. The samples were characterized by the scanning
electron microscopy (SEM) to observe the surface morphol-
ogy of the films. The spectra of optical absorption were
measured by UV-visible spectroscopy for determination of
the Tauc optical band gap (Eg) through [7]

(αhν)1/2 = B
(
hν− Eg

)
, (1)
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Figure 1: Variation of deposition rate as a function of the gas ratio.
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Figure 2: The SEM images of the SiGe films deposited at different gas ratios of (a) 0%, (b) 20%, (c) 42%, (d) 57%, (e) 80%, and (f) 100%.

where α, hv and B are optical absorption coefficient, photon
energy and Tauc slope, respectively. In addition, it is known
that the absorption coefficient near the band edge shows an
exponential dependence on photon energy [8]:

α(λ) = α0 exp
(
hν

E0

)
, (2)

where E0 is the Urbach energy which corresponds to the
width of the band tail and can be evaluated as the width of
the localized states and α0 is a constant. Thus, an Urbach plot

of ln[α(λ)] versus photon energy should be linear and optical
absorption edge can be obtained from the slope.

Fourier transform infrared (FTIR) absorption measure-
ments were taken for samples on c-Si substrates to obtain
information of the concentrations of Ge–H and Si–H
bonds. For solar cell application, single-junction p-i-n so-
lar cells using these SiGe films as absorption layer were
deposited on ASAHI (type-U) glass substrates. The current-
voltage characteristics of the solar cell were measured at
100 mW/cm2 by using an AM 1.5 G solar simulator. Light
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Figure 3: (a) The spectral dependence of the absorption coefficient for the SiGe films with different gas ratios. (b) The Tauc energy band
gap as a function of the gas ratio. (c) The Urbach plots of the SiGe films with different gas ratios.

soaking was performed under one-sun light intensity using
a metal halide lamp at 50◦C for 500 h. The intensity was
maintained at a level so that a reference Si solar cell generated
the same current under a Xe-lamp simulator.

3. Results and Discussion

Figure 1 shows the variation in deposition rate as a function
of gas ratio (x). It can be seen that the deposition rate ra-

pidly increases from 1.8 to 11.5 Å/sec with increasing x
value from 0% to 100%. A reasonable explanation for this
effect is that the addition of the GeH4 flow rate favors the
SiH4 as well as GeH4 dissociation, resulting in an increase
of concentration of the precursors in the plasma during
the deposition process, which causes a higher Si–Ge bond
formation and therefore enhances the deposition rate [9].
The similar result was reported by other research groups
[10, 11].
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Figure 4: (a) Infrared coefficient absorption spectrums of the wagging mode of the a-SiGe : H films deposited at different germanium
concentrations. (b) Variation of bonded hydrogen concentration in different configurations as function of the gas ratio.

Table 1: The deposition conditions of SiGe films.

Parameter Value

Power (W) 15

Pressure (Pa) 40

Electrode distance (mm) 14

Substrate temperature (◦C) 200

SiH4 flow rate (sccm) 40; 40; 40; 30; 10; 0

GeH4 flow rate (sccm) 0; 10; 30; 40; 40; 40

Gas ratio (%) 0–100

Figure 2 shows the surface morphologies of the SiGe films
deposited at different x values of (a) 0%, (b) 20%, (c) 42%,
(d) 57%, (e) 80%, and (f) 100% as observed by SEM. These
images indicate that the germane-doped films have similar
surface structure with grains in nanoscale (<100 nm). Thus,
an increase of amount of germane incorporation to the alloys
might promote the formation of nanocrystals.

Figure 3(a) shows the spectral dependence of the absorp-
tion coefficient for the SiGe films with different x values.
It can be seen that the absorption coefficient obviously in-
creases from about 9 × 104 to 13 × 104 cm−1 when the x
value increases to above 80%. In addition, the absorption
edge of the SiGe film is shifted to long wavelength mainly
due to a decrease in Tauc energy band gap, which is shown
as a function of x values in Figure 3(b). The reduction in
band gap can be relative to the crystalline phase in the films
supported by the SEM results. The Urbach plots for different
alloys are shown in Figure 3(c). It can be seen that the optical
absorption edge shifts to lower energies when the x value
increases. This result shows the similar trend to the Tauc
band gap result.

The infrared absorption spectra of SiGe films with dif-
ferent x values are shown in Figure 4(a). The absorption
bands of SiGe are assigned to the Si–H and Ge–H wagging
vibration located at around 570 and 640 cm−1, respectively
[12]. The effect of germane on the alloys is seen in the shift
of the peak from 640 cm−1 for x = 0% to 570 cm−1 for
x = 100%. For further investigation, the hydrogen bond
concentrations N(Ge–H) and N(Si–H) of these SiGe films
are determined by the following equation [13]:

N = A
∫

α

ω
dω, (3)

where α is the absorption coefficient and ω is the frequency.
For the constant A, we use the value given in [12, 14]. The
calculated results are shown in Figure 4(b), clearly showing
that the Si–H bonds dominate the structure as the x value is
below 20%. But when the x value increases above 20%, there
is a preferential attachment of H atoms to Ge rather than Si.

Figure 5 shows a comparison of I-V characteristics bet-
ween the solar cell constructed with single i-SiGe layer (x =
42%, 1 um thick) and the solar cell with double graded i-
SiGe layer of i1 (x = 20%, 300 nm)/i2 (x = 42%, 1 um).
These two cells have the same p-, n-layer, and back electrode
(Ag) thickness of 20, 30, and 300 nm, respectively. The Voc

values are around 0.58 V showing no significant change,
whereas the Jsc is higher in double graded-dead i-layer cell
than that in single i-layer cell, implying that the carrier
collection probability and/or carrier mobility are improved
by the reduction of band gap discontinuity. Furthermore, the
I-V curve after light soaking of our graded double i-layer is
also plotted for the purpose of comparison, and the detailed
external parameters are listed in Table 2. The cell conversion
efficiency (η) decreases from 5.06% for initial to 4.63% for
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Figure 5: Schematic structure of the p-i-n solar cell with double
graded-dead nc-SiGe i-layers and I-V characteristics of the solar
cells without (as-deposited), with double graded-dead absorption
layer, and after light-soaking test for 500 h.

Table 2: The external parameters of nc-SiGe thin film solar cells
without (as-deposited), with double graded-dead i-layers, and after
light-soaking test.

Voc (V) Jsc (mA/cm2) FF (%) η (%)

As-deposited 0.56 13.01 57.50 4.21

With graded-dead layer 0.59 14.30 59.70 5.06

Stabilized 0.58 13.74 58.12 4.63

stabilized (8.4% degradation), showing that the cell is stable
against light soaking. From this result, we speculate that
our SiGe solar cell with a reduced sensitivity to the optical
degradation (the Staebler-Wronski effect [15, 16]) is mainly
due to the crystalline structure of the i-layer.

4. Conclusions

The effects of GeH4 gas ratio on growth mechanisms and
properties of SiGe films are investigated in this paper. By
controlling the gas ratio, nc-SiGe films with certain optical
band gap can be obtained to be used as absorption layer
for solar cell applications. Using double graded-dead i-SiGe
layers can increase the Jsc and therefore cell conversion
efficiency. Furthermore, an initial conversion efficiency of
5.06% and the stabilized efficiency of 4.63% for an nc-SiGe
solar cell were achieved.
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