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Large-Grain Polycrystalline Silicon Solar Cell
on Epitaxial Thickening of AIC Seed
Layer by Hot Wire CVD

Jui-Hao Wang, Shui-Yang Lien, Chia-Fu Chen, and Wha-Tzong Whang

Abstract—Large-grain polycrystalline silicon (poly-Si) films
were prepared on foreign substrates by the epitaxial thickening of
seed layers. The seed layers were formed by aluminum-induced
crystallization (AIC). Large-grain n-i-p poly-Si solar cells were
deposited on epitaxial seeds by hot-wire chemical vapor deposi-
tion (HWCVD). Highly (93%) crystalline fractions with a lateral
grain size of 5 ym and an intrinsic layer were grown without
incubation. These techniques were employed to prepare large-
grain poly-Si thin-film solar cells. An ITO/m-i-p (HWCVD)/p+
(AIC)/Ti/glass-structured poly-Si thin-film solar cell with an initial
efficiency of 5.6% was obtained.

Index Terms—Aluminum-induced crystallization (AIC),
hot-wire chemical vapor deposition (HWCVD), polycrystalline
silicon (poly-Si).

I. INTRODUCTION

HE FORMATION of high-quality polycrystalline silicon

(poly-Si) on low-cost substrates has important applica-
tions in the development of electrical devices. Metal-induced
crystallization is a promising method for the low-temperature
fabrication of large-area poly-Si as a seeding layer for electron
device applications [1]-[3]. One of the factors that determine
the suitability of any deposition process for particular device
applications is the deposition rate. Material researchers face the
challenge of maintaining device quality while increasing the
deposition rate. Hot-wire chemical vapor deposition (HWCVD)
is a popular approach for producing amorphous silicon (a-Si)
and poly-Si material at a high deposition rate [4], [5]. The
a-Si films of device quality can be obtained by HWCVD using
pure silane (SiH,) without hydrogen dilution. Poly-Si films of
high quality are obtained when silane is diluted in hydrogen
at high pressure. However, the deposition-rate decreases as the
hydrogen dilution increases. The direct deposition of poly-Si
films is an inhomogeneous growth process [6]. The deposition
generally begins with the formation of an amorphous phase,
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which, when its thickness exceeds a minimum thickness, is
called the incubation phase, which is present before a localized
phase transformation, called nucleation, takes place. In this
letter, to make polycrystalline films at high deposition rates
without an incubation phase, a seed-layer deposition process
is applied. p™-type poly-Si films are prepared by AIC on glass
substrate. This is epitaxially thickened. This letter focuses on
the properties of poly-Si deposited on a seed layer at a very high
deposition rate (5 nm/s). Finally, the performance of poly-Si
solar cell with seed layer is compared with poly-Si solar cell
without seed layer.

II. EXPERIMENTS

In this letter, the p™-type seed layers were prepared by AIC
technology. The Ti and Al layers (200 nm) were deposited on
glass substrate (Corning 1737) by EB evaporation and then a Si
layer (200 nm) was deposited by HWCVD. Thermal annealing
was performed in a conventional furnace at 450 °C for 5 h.
After the AIC process, the Al(+Si) layer on top of the seed
layer had to be removed. In this study, two main types of
poly-Si are formed: one with columnar crystals (called Polyl)
and the other with V-shaped crystals (called Poly2). Polyl
contains seed layers that are produced by the AIC process.
Poly2 (1200 nm) is deposited using a low hydrogen dilution
of silane source gas, at a much higher deposition rate of 5 nm/s.
The hydrogen dilution is defined as ®Hy /(PSiHy, + ®Hy). The
®SiH, and ®H, are SiH4 and Hy gas flow rates, respectively.
Crystalline fraction (R.) was evaluated by Raman-scattering
spectroscopy [7]. The R. of the material was calculated as
R. = (1520 + I510)/(I520 + Is10 + 1480)’ where I, is the in-
tegrated Gaussian that corresponds to mode = in the Raman
spectrum. The microstructures of Poly2 (HWCVD)/Polyl
(AIC)/glass are observed by field-emission scanning electron
microscopy and transmission electron microscopy (TEM). Cur-
rent density—voltage (J-V') measurements were made under
AMI1.5G (100 mW/cm?) white light from a dual-beam solar
simulator.

III. RESULTS AND DISCUSSION

Fig. 1 shows the Raman spectra of the Si films prepared
using different growth techniques. From the Raman results,
lines (a) and (b) correspond to the a-Si and poly-Si films
that were deposited directly by HWCVD on the glass. They
were deposited using low hydrogen dilution (30%) and high
hydrogen dilution (98%), respectively; revealing that increasing
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Fig. 1. Raman spectra of samples. (a) a-Si films deposited by HWCVD.
(b) poly-Si films deposited by HWCVD. (c¢) AIC poly-Si films. (d) Poly-Si
(HWCVD)/Poly-Si (AIC)/glass structure.
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Fig. 2. XRD patterns of diffraction samples. (a) a-Si films deposited by
HWCVD. (b) AIC poly-Si films after annealing and etching. (c) Glass/
poly-Si (AIC)/poly-Si (HWCVD).

the hydrogen dilution increases the crystallinity of the material.
Line (c) shows the properties of the poly-Si film produced by
the AIC process. This material does not include any incubation
phase (Raman shift between 480 and 510 cm™1). Line (d)
demonstrates that the use of a seed layer, formed by AIC,
enables highly crystalline layers to be deposited by HWCVD
using a hydrogen dilution of less than 30%. A poly2/polyl
thin film with a high crystalline fraction of 93% was observed.
When no seed layer was used, this lower hydrogen dilution
yielded amorphous layers.

Fig. 2 shows the X-ray diffraction (XRD) spectra of the
poly-Si layers that are produced using various technologies.

The XRD measurement [line (a)] was made on one set of a-Si
samples that were deposited by HWCVD using low hydrogen
dilution (30%). Line (b) shows that the poly-Si was formed by
AIC with strong (111) and weak (220) orientations. However,
poly-Si films made by HWCVD (Poly?2) at a low hydrogen di-
lution were grown along the AIC grains. The spectrum obtained
after the Al film was removed has no Al peak. Nevertheless, line
(c) shows that the poly-Si was deposited on AIC poly-Si films
by HWCVD with highly scattered (111) and (220) and weakly
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Fig. 3. TEM cross-sectional image of poly2 (HWCVD)/polyl (AIC)/glass
and its diffraction pattern.

scattered (311) peaks. This poly-Si was formed at a temperature
as low as 250 °C and a deposition rate as high as 5 nm/s.

Fig. 3 shows a TEM cross-sectional image of Poly2
(1200 nm)/Poly1 (200 nm)/glass. Fig. 3 clearly displays a non-
intentionally doped Si film grown by HWCVD on a glass/AIC
seed-layer sample. Poly-Si films were formed with a compact
structure of columnar grains by the AIC technique (Polyl).
The diffraction patterns (inset below) show the polycrystalline
structure of the sample. The diffraction rings correspond to
(111) and (220) preferential orientations. Diffraction rings with
clear diffraction spots, indicating a highly ordered structure are
observed, implying that each grain in this region consists of
crystalline phases of mainly a single domain. HWCVD poly-Si
films were fully polycrystalline, with V-shaped grains. The
lateral grain size of the poly-Si films deposited on the seed layer
was approximately 5 pm higher than that of the poly-Si films
that were deposited directly on the glass by HWCVD with high
hydrogen dilution. The diffraction patterns (inset above) show
the polycrystalline structure of the sample. The diffraction rings
correspond to (111), (220), and (311) preferential orientations.
The ring patterns are dominant and include some spots, reveal-
ing that the film includes single crystals. Thus, the crystalline
Si film was grown on an epitaxial-thickened AIC seed layer,
eliminating the need for an amorphous incubation layer and
the deposition of poly-Si films, avoiding the formation of any
amorphous phase.

Fig. 4 shows the TEM image of poly2 (HWCVD)/polyl
(AIC)/glass structure and its diffraction pattern. This is the
TEM of the poly2 (HWCVD) part of that sample, rather than
the whole sample that was shown in Fig. 3. The lateral grain
size of the poly2 films that were deposited on the polyl layer
was approximately 5 pum. Although the individual crystallites
are quite large, they are very irregular in shape. The diffraction
patterns (inset below) show the polycrystalline structure of the
sample. Halo patterns that correspond to amorphous silicon are
not observed, revealing that the layer is completely crystallized.
The convergent-beam electron diffraction pattern (inset above)
shows clear diffraction spots, which reveal a highly ordered
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Fig. 4. TEM plane view of poly2 (HWCVD)/polyl (AIC)/glass structure and
its diffraction pattern.
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Fig. 5. Current—voltage characteristic of the poly-Si thin-film solar cells with
poly1 and without poly| layer.

structure. Hence, each grain in this region consists of crystalline
phases of a mainly single domain.

Fig. 5 shows the current density—voltage (J—V) characteris-
tic of the poly-Si solar cell with polyl and without poly!1 layer.
The inset in Fig. 5 schematically shows the structure of poly-Si
thin-film solar cells. The performance of the poly-Si solar cells
with and without polyl layer in the presented work follows
from the stable HWCVD, as shown in Table 1. The cell with
polyl layer has a fill factor of 0.63, an open-circuit voltage of
0.475 V, a short-circuit current density of 19 mA/cm?, and an
initial efficiency of 5.6%. The large-grain poly-Si films were
produced by AIC (polyl) and HWCVD (poly2) techniques.
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TABLE 1
PERFORMANCE OF SOLAR CELL WITH AND WITHOUT POLY1 LAYER

Performance With poly1 layer ~ Without polyl layer
Voe (V) 0.47 0.43
I, (mA/cm?) 19.1 16.6
FF 0.62 0.54
N (%) 5.6 3.8

A highly efficient poly-Si thin-film solar cell with an Ag/ITO/
n-i-p/AIC(p+)/Ti structure on a glass substrate was obtained.

IV. CONCLUSION

Large-grain poly-Si films were obtained by HWCVD at a
high deposition rate (5 nm/s) on epitaxially thickened AIC
seed layers. Highly crystalline fractions with 93% crystallinity,
a lateral grain size of 5 pm, and an intrinsic layer that was
grown without incubation, were obtained in this investiga-
tion. This work elucidates a procedure for poly-Si films that
eliminates an incubation phase. Large-grain poly-Si solar cells
were produced by AIC and HWCVD techniques. An Ag/ITO/
n-i-p/AIC(p+)/Ti-structured solar cell on glass structure with
an initial efficiency of 5.6% was obtained.
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