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Polycrystalline silicon (pc-Si) films are produced by aluminum-induced crystallization (AIC) process for a polycrystalline silicon
solar cell seed layer, and the structural and electrical properties of the films are analyzed. The used structure is glass/Al/ Al2O3/a-
Si, and the thickness of Al2O3 layer was varied from 2 nm to 20 nm to investigate the influence of the Al2O3 layer thickness on
the formation of the polycrystalline silicon. The annealing temperature and annealing time were fixed to 400◦C and 5 hours,
respectively, for the AIC process conditions. As a result, it is observed that the average grain size of the pc-Si films is rapidly smaller
with increasing the thickness of Al2O3 layer, whereas the film quality, as defects and Hall mobility, was gradually degraded with
only small difference. We obtained the maximum average grain size of 15 μm for the pc-Si film with the thickness of Al2O3 layer of
4 nm. The best resistivity and the Hall mobility was 6.1× 10−2 Ω · cm and 90.91 cm2/Vs, respectively, in the case of 8 nm thick Al
oxide layer.

1. Introduction

Crystalline silicon thin-film solar cells are an attractive
alternative to the conventional bulk silicon solar cell due to
its usability of the low-cost substrates like glass [1]. How
to approach to such polycrystalline silicon (pc-Si) thin film
solar cell on inexpensive substrate was also well presented
[2].

To fabricate such pc-Si thin film solar cells, it is normally
needed a good quality seed layer on the substrate. For
growing crystalline silicon films on glass as a seed layer,
aluminum-induced crystallization (AIC) process of amor-
phous silicon (a-Si) is a useful method which allows a large
size grain on the foreign substrates [3].

Many approaches using AIC method are studied to pro-
duce pc-Si thin film as a seed layer on the glass substrate. The
structure of a-Si/Al/glass is normally used for the AIC process
of the pc-Si seed layer. The influence of the thicknesses and
the ratio of Al and a-Si layer on the formation of the pc-Si
seed layer was investigated [4], and some studies were on the
structure with Al-oxide layer between Al/a-Si [5, 6].

Due to the layer exchange during the AIC process with
the structure from a-Si/Al/glass to Al/pc-Si/glass, such AIC
process for the pc-Si thin film seed layer formation is often
called aluminum-induced layer exchange (ALILE) process.
The Al-oxide layer, as well as the annealing temperature,
is known to play a role in the ALILE process for the
formation of the crystal orientation [5]. The preferential
crystal orientation depending on the nature of the Al oxide
layer was analytically investigated [7]. The most important
properties for the pc-Si seed layer are the large grain and the
low defects of the film. The formation of the large-sized grain
using AIC was investigated in various ways [8], although
the low defects films with small-sized grain showed also a
possibility for pc-Si solar cells [9].

The Al-oxide layer between Al/a-Si controls the velocity
of the crystallization process and the nucleation density and
could lead to the formation of continuous pc-Si film [5, 6].
It could be necessary to investigate how much the Al-oxide
layer could influence the grain size and defects in the film in
the ALILE process.
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Figure 1: Schematic of the ALILE process.
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Figure 2: Images of pc-Si film after Al etching and ultrasonic vibration polishing.
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Figure 3: XRD spectra of the pc-Si films after etching and polishing.

Table 1: Experimental procedure of the ALILE process.

Deposition condition Annealing conditions Removed condition

(i) Aluminum layer: 300 nm using DC sputter (i) Equipment: tube furnace � Al layer:

(ii) Al oxide layer: 4∼16 nm using RF sputter (ii) Flow gas: N2, 20 sccm Diluted nitric acid, 70◦C, 3 min

(iii) a-Si layer: 300 nm using RF-PECVD (iii) Pressure: atmosphere � Si layer:

(iv) Substrate: eagle 2000, 0.7 mm (iv) Annealing: 400◦C, 5 hours (i) Amplitude: 60%

(v) Sample size: 5 × 5 cm (ii) Force: holder only (400 g)

(iii) 15 min

Table 2: Electrical properties of pc-Si films produced by AIC process for various Al oxide layer thicknesses.

Sample Resistivity [Ω·cm] Carrier density [cm−3] Hall mobility [cm2/Vs]

Native oxide 8.2 × 10−2 8.7 × 1017 87.62

4 nm 6.1 × 10−2 1.2 × 1018 83.54

8 nm 6.1 × 10−2 1.1 × 1018 90.91

12 nm 5.7 × 10−2 1.3 × 1018 85.12

16 nm 6.2 × 10−2 1.5 × 1018 68.78

20 nm 3.1 × 10−1 1.6 × 1018 14.14



International Journal of Photoenergy 3

500 510 520 530

Native oxide

Raman shift (cm−1)

In
te

n
si

ty
 (

a.
u

.)

12 nm

8 nm
4 nm 16 nm

20 nm

Figure 4: Normalized Raman spectrum of poly-Si films for various Al oxide layer thickness.
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Figure 5: FWHM and Si peak of poly-Si films as a function of the
Al oxide thickness.

In this work, we investigated the influence of the Al-oxide
layer on the pc-Si seed layer, which are formed on the glass
substrate by AIC process, depending on the thickness of the
Al-oxide layer. And the structural and electrical properties of
the poly silicon films are analyzed.

2. Experimental

For the AIC experiments, the glass/Al/Al2O3/a-Si structures
were prepared with various Al2O3 film thicknesses from
2 nm to 20 nm. The Corning Eagle 2000 (strain point of
666◦C), 0.7 mm glass with a size of 5 × 5 cm was used
for the substrate. The Al layers were deposited on the glass
substrate by a DC sputter. The thickness of Al layers was
fixed to 300 nm. The Al oxide layers were prepared by

a RF magnetron sputter for the thicknesses of 4∼20 nm,
whereas the very thin Al2O3 layer of ∼2 nm was prepared
by exposure of the deposited Al film to air for 2 hours at
room temperature and the a-Si films were lastly deposited by
PECVD method with the fixed thickness of 300 nm on the Al
oxide layer.

The AIC process was, then, carried out at the fixed
annealing temperature of 400◦C and for the annealing
time of 5 hours in a tube furnace for all samples. After
annealing, the resulted upper layer including Al and Si-
islands was removed by diluted nitric acid (H3PO4 +
HNO3 + CH3COOH + H2O) etching and by ultrasonic
vibration polishing with 0.05 μm colloidal, sequentially. The
AIC procedure is illustrated in Figure 1, and the detailed
conditions for the sample preparation are shown in Table 1.

3. Results and Discussion

3.1. pc-Si Films after Removing the Al and Si Islands. Al and
the Si islands are successfully removed by Al etchant etching
and by ultrasonic vibration polishing from the AIC processed
seed layer structure. The resulted structure is pc-Si/glass
and the pc-Si film thickness was about 260 nm as shown in
Figure 2.

The XRD data (Figure 3) shows the crystallinity of the
pc-Si film. Only the silicon peaks with (111), (311), and (100)
orientations are seen and Al was clearly removed.

3.2. Structural Properties of pc-Si Films

3.2.1. Crystallization. The crystallization of a-Si to pc-Si
could be confirmed by Raman analysis. As the Raman spectra
of pc-Si films in Figure 4 show, the peak positions for all
samples are in the range of 520 ± 0.4 cm−1. Due to the
sharp and symmetric Raman spectra, it is apparent that the
crystallization was fully and successfully executed in all the
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Figure 6: EBSD orientation maps and inverse pole figures of the polysilicon films in normal direction related to various Al oxide thicknesses.

samples. Figure 5 shows the Raman peak position and the
full-width at half maximum (FWHM) values, respectively,
for the crystalline Si TO phonon mode at 520 cm−1. The peak
widths are in the range of 4.7∼6.3 cm−1 for the FWHM of all
the samples. The difference between their FWHMs is so small
that obvious tendency of the Al oxide layer thickness on the
crystallization could not be shown. Nevertheless, the 8 nm
thick sample showed the minimum FWHM value of 4.7 cm−1

with the smallest shift in the peak position, suggesting lowest
defects.

3.2.2. Grain Size and Crystal Orientation. Using the Electron
backscatter diffraction (EBSD) measurement, the grain size
and the crystal orientation of the AIC pc-Si films are
analyzed.
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Figure 7: Average grain size extracted from EBSD data of the pc-Si
films as a function of Al oxide layer thickness.
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Figure 8: Fraction of preferential (100) orientation, R (100) from
EBSD data of the pc-Si films, measured after [7] as a function of Al
oxide layer thickness.

Figures 6(a)–6(f) show the EBSD orientation image maps
and inverse pole figures for the samples with various Al oxide
layer thicknesses. The colors red, blue, and green represent
the (100), (111), and (101) Miller indices, respectively. The
trend can be seen that the grain size of the pc-Si film gets
smaller with the increased thickness of the Al oxide layer. It
is also apparent that the volume fraction of the preferential
(100) orientation in the pc-Si could be more obtained with
the decreased thickness of the Al oxide layer.

In Figures 7 and 8, the calculated average grain size
of the pc-Si films and the preferential (100) orientation R
(100) after [7] are shown as a function of the Al oxide layer
thickness. The optimum thickness of the Al oxide layer for
the large grain could be in the near of 4 nm (Figure 7).
And the optimum thickness of the Al oxide layer for the
preferential (100) orientation could be in the range of 4∼
8 nm (Figure 8). For the case of 4 nm sample, we achieved

an average grain size of 15 μm and the fraction of the
preferential (100) orientation more than 58%.

3.2.3. Film Defects. To make extended defects visible, the
samples were etched with diluted HF acid (HF + K2Cr2O7

+ H2O) at room temperature for 3 seconds and the etch
pits were analyzed by scanning electron microscopy (SEM).
The quality and defects of the AIC pc-Si films are to see in
the SEM images of Figure 9. The grains are well grown with
AIC process, and the defects are so small that their boundary
is not to be seen in the SEM images for all the samples.
The boundaries between the grains could be observed only
by EBSD analysis as shown in Figure 6. As consistent from
the results of the Raman and EBSD analyses, the defects
were larger and the film quality was lower with the increased
thickness of the Al oxide layer.

3.3. Electrical Properties of pc-Si Films. As electrical proper-
ties of pc-Si films, we measured the resistivity, carrier density,
and Hall mobility by a Hall effect measurement system.

The measurement results are shown in Figure 10. The
Hall mobility was increased a little up to near 8 nm with
the increased thickness of Al oxide layer and then, rapidly
decreased, whereas the carrier density gradually increased.
The resistivity was almost unchanged up to 16 nm and then
sharply increased. Such rapid degradation of the electrical
properties for the relatively thick Al oxide layer (>16 nm)
could be mainly affected from the defects of the film, that
is, incomplete crystallization of the AIC process. But the
small property changes for the relatively thin Al oxide layers
(<16 nm) may be resulted from the influence of the Al oxide
layer on the crystallization.

Near 8 nm of Al oxide layer thickness could be the
optimum for the electrical properties. In this case, the resis-
tivity, the carrier density, and the Hall mobility were 6.1 ×
10−2 Ω·cm, 1.1 × 1018 cm−3, and 90.91 cm2/Vs, respectively.

Due to the remained Al content in the pc-Si film by the
AIC process, all films show a p-type poly silicon property.
The electrical properties of the pc-Si films are shown in
Table 2.

4. Conclusion

In this work, we investigated the structural and electrical
properties of the pc-Si films produced by AIC process,
depending on the thickness of the Al oxide interlayer between
Al/a-Si layers.

In conclusion, we showed the influence of the thickness
of the Al oxide interlayer between Al/a-Si layers on the
properties of the AIC pc-Si film, like the grain size, the
crystal orientation, and the film defects. The tendency of the
dependence of the structural properties on the oxide layer
was consistent with the case of the electrical properties. But
the dependence of the structural properties was slightly more
sensitive than the case of the electrical properties. In our
experimental conditions, the optimum value of the Al oxide
thickness could be in the range of 4∼8 nm. For the sample of
4 nm thick Al oxide layer, we achieved the average grain size
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Figure 9: SEM images of pc-Si films for samples with various Al oxide layer thicknesses.
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Figure 10: Resistivity, Hall mobility, and carrier density of the pc-Si
films as a function of difference Al oxide layer thickness.

of 15 μm and the preferential <100> orientation, R (100),
of more than 58%. The Hall mobility and resistivity were

6.1× 10−2 cm, 90.91 cm2/Vs, respectively, for the 8 nm thick
Al oxide layer as best case.
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