
Spectromicroscopic Study of Nickel Induced Lateral
Crystallization of Amorphous Si Films

The spatial variations in the chemical composition and electronic structure of nickel metal induced lateral
crystallization (Ni-MILC) of amorphous silicon film with in-situ annealing of vacuum deposited Ni patterned
films on amorphous silicon were investigated in detail by scanning photoelectron spectromicroscopy
(SPESM). Lateral chemistry variations of the Ni-MILC of amorphous silicon were directly imaged. Via a
system study of the correlation between the Si 2p Ni 3p core-level and valence-band spectra, the nature of
chemical bonding for the different chemical-sate phases was examined. The direct spectromicroscopic
characterization clearly shows that the Ni-MILC process in UHV leads to the lower crystallization
temperature and a faster crystallization speed of amorphous silicon, and a high-crystallinity ploycrystalline
silicon film, which grows laterally over ~ 20 μm at 500˚C for 1 hour, can be obtained.
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The crystallization of amorphous silicon (a-Si) has been a
subject of research, because ploycrystalline silicon (poly-Si) thin
film has been a key material for flat-panel displays, organic light-
emitting diodes, and solar cells. As poly-Si thin film transistors
(TFTs) is desired to be made on inexpensive glass substrates for
the low fabrication cost, it is indispensable to decrease the
crystallization temperature of a-Si films as low as possible. The
studies show that metal induced lateral crystallization (MILC)
leads to the realization of TFTs at a significantly reduced process
temperature with improved characteristics. Therefore, various
MILC methods have been proposed to shorten the thermal
annealing time and lower the process temperature. For a typical
process of MILC, a thin metal film is deposited on top of a-Si film
and the latter will crystallize upon annealing. However, little is
known about the chemical interaction during a MILC process.
Analytical probes with high sensitivity to identify spatial
variations of the surface compositions during chemical reactions
of MILC are therefore in extreme demand. Scanning photoelec-
tron spectromicroscope (SPESM), which is based on X-ray pho-
toemission spectroscopy (XPS) imaging with 0.1-μm resolu-
tion5,6, is a powerful tool for quantification and mapping of com-
plicated morphological surfaces with high spatial resolution,
elemental sensitivity, and chemical-state specification. With
chemical and spatial sensitivity on the sub-micrometer scale, the
lateral distribution of chemical reactivity in MILC of a-Si film can
be analyzed by a straightforward technique.

In this report, the lateral chemical variations of a-Si thin film
induced by the patterned Ni pads were studied in detail,
performing in-situ vacuum annealing experiments with SPESM.
The spectromicroscopic information on the lateral distribution of
the different chemically-shifted phases formed in MILC was
clearly obtained. Figure 1 shows the Si 2p chemical state maps
(160×160 μm2) of Ni circle pad patterned on a-Si film taken
after RT deposition (a) and subsequent in-situ annealing at 500˚C
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for 1 hr (b), respectively. These different chemical state
images were simultaneously acquired by the method
called "parallel imaging for chemical state mapping". The
contrast in these chemical state maps reflects the
variations in the contents of different chemically-shifted
Si phases. After Ni deposited on a-Si at RT, two distinct
regions were formed, as shown in Fig. 1(a). The Ni circle
pad (Region A) was embedded in a-Si area (Region B).
Moreover, in the chemical state image taken at 99.55 eV
binding energy (BE), an intense Si 2p emission was
observed in Region A , which is due to the strong
interaction of Ni and a-Si at RT in UHV.7 Our previous
study has shown that Ni reacted completely with a-Si film
lying underneath the Ni pads to form an amorphous Ni2Si
layer at RT. 8 Upon annealing at 500˚C for 1 hr, the
increased Si 2p signal in Region A was observed, which is
due to the formation of Si-rich silicides (i.e. NiSi) and
consistent with the observed reduction of Ni 3p intensity.8

Moreover, a bright ring (Region C) developed outside
Region A in the Si 2p chemical state map at 99.65 eV, as
shown in Fig. 1(b). Si 2p intensity profile is taken across
the MILC region as indicated by the dashed line inside the
image at BE of 99.65 eV, and is displayed in Fig. 1(c). In Fig.
1(c), it was found that the width of the bright ring (Region
C)  is  about 22 μm. The annealing time for lateral
crystallization over 22 μm in our work (1 hr) is shorter
compared with that (20 hr) of the previous MILC studies
[1-4]. That is, Ni effectively induced lateral crystallization
of a-Si over 22 μm in our study. Figure 1(c) also shows the
Ni 3p intensity profile, in which only slight Ni
concentration was detected in the inner parts (~ 5 μm) of
Region C. Similar Ni contamination was often found in

MILC process.9 However, no Ni 3p signal was detected
inside the remaining area of Region C, suggesting that
the chemically-shifted Si 2p signal from Region C
originated from a pure Si phase within the sampling
depth of SPESM. A-Si in the ring regime was crystallized
within a finite depth, i.e. the ring appearing around
Region A resulted from MILC of a-Si. We will this result
further later. 

Figures 2 (a) and 2(b) show the high-resolution μ-
XPS of Si 2p core level and corresponding VB spectra from
different chemical specific areas of the Ni pads on a-Si
after MILC process in UHV, as labeled in Fig. 1(b). The
photon energy has been calibrated by the Fermi edge of a
clean gold sample. Avoiding the possible calibration error
due to charging, the BE scale has also been determined
by the carbon contamination of the samples. In Fig. 2(a), it
is interesting to note that two closely spaced peaks in Si
2p spectrum from Region C is clearly resolvable with 0.6
eV, similar to the characteristic spin-orbit (SO) splitting of
Si 2p core level of single-crystalline Si. And its shape is
certainly different from the Si 2p lineshapes of our LPCVD
poly-Si sample. The leading peak of Si 2p position is at
99.62 eV. Moreover, no Ni 3p intensity was detected at
most area (~ 17 μm) of Region C, except for the inner
part.8 Also, in Fig. 2(b), no Ni 3d states were observed in
the VB spectrum from Region C. Only three broad peaks
remain in the spectrum, which come primarily from the
pure Si phase (i.e. Si 3s, 3sp, and 3p states). And the
intensities of these states are stronger than that of LPCVD
poly-Si film, shown in Fig. 2(b). The emissions near the top
of valence band of Si film are sensitive to long-range
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Fig. 1:  Chemical state maps (160
x 160μm2) of Si 2p photoelec-
trons at different kinetic energies
from a Ni circle pad on a-Si,
obtained at RT-deposition (a) and
after in-vacuum heating at 500˚C
for 1 h (b), respectively. (c) Si 2p
intensity profile taken across the
MILC region along the dashed
line in 1(b). Ni 3p intensity profile
taken along the dashed line is
also shown.



order. Our spectrum from Region C is in agreement with
this picture. According to these results, we speculate that
a high-crystallinity poly-Si film formed after MILC process
in UHV, which will be confirmed below. We hereafter
denote this poly-Si film as C-Si.

The shape of Si 2p spectrum from region A in Fig. 2(a)
also exhibits two resolvable peaks with 0.43-eV
separation, and their leading Si 2p peak is chemically
shifted toward a lower BE at 99.34 eV. In Fig. 2(b), the Ni
2d position taken from region A is at 2.2 eV, typical of the
NiSi phase. Also, the BE of Ni 3p core electrons from A
region is at 65.62 eV, close to the Ni 3p position of NiSi.
Thus, this resolvable doublet of Si 2p level from Region A
strongly indicates that the amorphous Ni2Si layer
becomes an epitaxial NiSi film after MILC process in UHV.
The Si 2p spectrum from Region B (the a-Si area) is
inserted in Fig. 2(a) and plots a broader and structureless
lineshape at the peak position of 99.97 eV. The
broadening of Si 2p level is attributed to disorder in the a-
Si film. 

The Si 2p spectra from Region A and C in Fig. 2(a)
were fitted using Doniach-

ˇ

Sunjic function convoluted
with Gaussian for the instrument resolution. In the fitting
of Si 2p peak of C-Si, satisfactory fits could only be
obtained by using a minimum number of three doublets
with BE of the Si 2p3/2 SO peak at 99.62, 99.91, and 101.05
eV, which are respectively denoted to S1, S2, and O1

components. We attribute the S1 component to Si atoms
in chemical environment as in a clean Si single crystal. The
O1 component originates from Si suboxides. Since the Si
2p escape depth for our measurement is ~ 10 Å, the
thickness of the C-Si films as indicated in the intensity
profiles in Fig. 2(d) is ~ 20Å. Thus, the broader S2
component corresponds to Si atoms in the a-Si substrate
underneath the C-Si film. Fitting of Si 2p spectra from
Region A requires three components: one dominant
component R1 at 99.35 eV, a second small component R2
at 99.78 eV, and a third Si suboxide O2 at 100.93 eV. The
R1 component originates from epitaxial NiSi phase and
the well resolvable doublets R2 is assigned from single-
crystalline NiSi2 phase by comparison with the previous
studies. This means that a NiSi2 film lies underneath the
NiSi film. It is due to the fact that upon annealing Ni2Si
film is fully reacted to form a double-layer film of NiSi/
NiSi2. Based on the result of peak fitting, we proposed an
interface structural model inserted in Fig. 2(a).

In order to confirm that C-Si is of high crystallinity, in-
situ annealing of clean poly-Si film was performed. The
evolution of its Si 2p line shape as function of annealing
temperature is displayed in Fig. 3. The top trace shows the
spectrum of C-Si as presented in Fig. 2(a). Upon annealing
at 650˚C for 1 hour, no SO split doublet appeared. Until
annealing to 850˚C for 1 hour, a structure appeared as a
shoulder at higher BE side of the main peak and the line
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Fig. 2:  (a) High-resolution μ�g-XPS
of Si 2p core-level and (b)
corresponding valence-band
spectra from different regions
indicated in Fig. 1(b). The Si 2p
spectra also shows the results of
curve fitting discussed in the text.
A schematic i l lustration of
inter face structure in MILC is
displayed.



shape became narrower, which indicated a recrystalliza-
tion of poly-Si to form a better crystallinity with long
range ordering. Further annealing to 950˚C for 10 min,
the splitting evolved more pronounced. However, this SO
splitting is not as clear as that of C-Si. Thus, the clearly
resolved SO splitting of Si 2p core level of C-Si indicates
that an epitaxial poly-Si film is formed, and its crystalline
structure is almost single crystalline, not a textured
structure. 

In summary, SPESM was used to monitor morphologi-
cal changes and lateral variation in composition of the Ni
circle pads patterned on a-Si film after MILC process in
UHV. Si 2p, Ni 3p core-level and valence-band photoemis-
sion results clearly reveal the lateral variations in chemical
bonding of different chemical phases formed in MILC
process. After annealing at 500˚C for 1 hour in UHV, a 0.6-
eV SO splitting of the Si 2p level was clearly observed at
the 20-μm-wide MILC area, which indicated the transfor-
mation of a-Si film to an epitaxial poly-Si film with fairly
high crystallinity.
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Fig. 3:  Evolution of the Si 2p spectra from a clean LPCVD poly-Si
film during subsequent annealing. The temperatures and
annealing time are indicated in the figure.


