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The fabrication of large-grain 1.25 ym thick polycrystalline silicon (poly-Si) films via two-stage aluminum-induced crystallization
(AIC) for application in thin-film solar cells is reported. The induced 250 nm thick poly-Si film in the first stage is used as the seed
layer for the crystallization of a1 um thick amorphous silicon (a-Si) film in the second stage. The annealing temperatures in the two
stages are both 500°C. The effect of annealing time (15, 30, 60, and 120 minutes) in the second stage on the crystallization of a-Si ilm
is investigated using X-ray diffraction (XRD), scanning electron microscopy, and Raman spectroscopy. XRD and Raman results

confirm that the induced poly-Si films are induced by the proposed process.

1. Introduction

Silicon thin films can reduce the cost of solar cells and asso-
ciated consumption of pure silicon. Polycrystalline silicon
(poly-Si) film is a promising material for solar cell application
because its carrier mobility is 10 to 100 times larger than
that of a hydrogenated amorphous silicon (a-Si:H) film [1].
Three methods are currently used for manufacturing poly-
Si film on glass: catalytic chemical vapor deposition [2],
excimer laser annealing (ELA) [3], and metal-induced crys-
tallization (MIC) [4-10]. Aluminum-induced crystallization
(AIC) induces the crystallization of a-Si below the eutectic
temperature (577°C) of Al and Si. Therefore, it can be
effectively applied to large-area glass substrates at process
temperatures below the glass transformation temperature [4,
5]. In addition, AIC can create poly-Si film with a lateral
grain size that is larger than the film thickness [5]. However,
commonly studied poly-Si films often have a thickness of
below 500 nm [6-10], which is insufficient for the active
layer of solar cells. For example, Hossain et al. [9] fabricated
poly-Si films with a lateral grain size of up to 20 um, but
the film thickness was as low as 300 nm. Subramanian

et al. [10] fabricated a poly-Si film via two-step solid-phase
crystallization. The process temperature was as high as 700°C.
The grain size and film thickness were 350 nm and 100 nm,
respectively. Two-step AIC was used in the study of Tiiziin
et al. [11]. However, their process temperature was as high as
1160°C.

In this work, 1.25 ym thick large-grain poly-Si films are
fabricated via a two-stage AIC method. The process tem-
perature is 500°C, which is below the glass transformation
temperature.

2. Experiments

Figure 1 shows the experimental procedure of the two-stage
annealing for fabricating thick poly-Si films. The substrate
material is a wafer. The standard RCA cleaning process was
applied before film deposition. In order to simulate a glass
substrate and prevent the crystal orientation of the wafer
substrate from affecting the crystallization of the a-Si:H
layer [9], a 200 nm thick SiO, film was deposited over the
wafer surface in a wet oxide tube using atmospheric-pressure
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FIGURE 1: Flow chart of experimental procedure.
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FIGURE 3: Raman spectra of specimens annealed for various dura-

FIGURE 2: XRD patterns of specimens annealed for various dura- d
ions.

tions.

X-ray diffraction (XRD, Rigaku RINT 2000) and Raman
spectroscopy (TRIAX 550) were used to evaluate the crys-
tallinity of the induced poly-Si film. Scanning electron micro-
scopy (SEM, Philips XL-40FEG) was used to observe the
morphology of the film surface and cross section. The leakage
current density of the induced poly-Si thin film was measured
to evaluate the film quality.

chemical vapor deposition (APCVD). Then, an aluminum
film was deposited on the top surface of the SiO, film
by sputtering. A layer of a-Si film was then deposited on
top of the Al film using plasma-enhanced chemical vapor
deposition (PECVD). The specimen was then annealed at
500°C for 1 hour at a nitrogen flow rate of 2 slm in the first
stage of annealing.
After the firstannealing process, al ym thicka-Sifilmwas 3, Results and Discussion

deposited by PECVD. The specimens were then annealed at

500°C for 15, 30, 60, and 120 minutes, respectively. The spec-  Figure 2 shows the XRD patterns of the induced poly-Si
imens were then wet-etched in order to remove the residual ~ films after the second annealing process. Three silicon peaks,
aluminum content. corresponding to Si (111), (220), and (311), respectively, appear
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FIGURE 4: SEM images and EDS results of induced poly-Si thin films annealed for various durations: (a) 15 min, top view; (b) 15 min, cross-
sectional view; (c) 15 min, EDS results; (d) 120 min, top view; (e) 120 min, cross-sectional view; and (f) 120 min, EDS results.

for all samples, confirming that poly-Si film was successfully
induced in each case. No Si (100)-related peaks were detected
in any specimen even though a Si (100) wafer was used as the
substrate. This is due to the glancing angle being very small
(1°) during the XRD measurement and the 200 nm thick SiO,
film being sufficiently thick to prevent X-rays from reaching
the Si (100) wafer substrate [10]. Note that there is a fairly
small peak at around 26 = 39° that corresponds to Al (111) for
all specimens in Figure 2. This indicates that Al had not been
completely etched off even though selective Al etching was
conducted on the surface of the crystallized Si film. The peak
intensity increases with annealing time, but eventually levels
off, indicating that a second-stage annealing time of over
120 minutes will not further increase the crystalline silicon
intensity.

Raman spectra measurements were performed on the
induced poly-Si thin films after the second stage to confirm
crystallinity. The results are shown in Figure 3. The maxi-
mum-intensity peaks of the Raman shift are located between
492 and 497 cm™". This result verifies that poly-Si films were
induced.

Figure 4 shows SEM images of the top surface and cross
section of the induced poly-Si thin films after the two-stage
annealing AIC process. Figures 4(a) and 4(d) show that
the circular grain size of the poly-Si film is about 1~2 ym.
The grain size increases with increasing annealing time.
The energy-dispersive spectrometer (EDS) results in Figures
4(c) and 4(f) show that the Al residue intensity decreases
with increasing the annealing time. It indicates that the Al
precipitation from the seed layer increases with increasing
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FIGURE 5: Leakage current densities of the induced poly-Si thin films
annealed under four different annealing time periods.

the annealing time. The cross-sectional SEM images in
Figure 4 clearly show the first and second layers of the
induced poly-Si. The lateral grain size is larger than the film
thickness.

Figure 5 shows the leakage current densities of the
induced poly-Si thin films. The leakage current density
slightly increases with increasing annealing time. The leakage
current densities for all induced poly-Si thin films are below
5x 10~ A/cm?, indicating that the induced films have good
quality without many defects or serious grain boundary effect
[10].

4. Conclusion

A thick large-grain poly-Si film for application in solar cells
was fabricated via AIC. The overall thickness of the poly-Si
film was about 1.25 ym. XRD patterns and Raman spectra
confirmed that the poly-Si film was induced using the pro-
posed process at 500°C.
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