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Effect of annealing temperature on the kinetics of aluminum-induced

crystallization of amorphous silicon suboxide thin films
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In this work, the kinetics of aluminum-induced crystallization (AIC) of non-stoichiometric silicon oxide a-SiO0.25

was investigated for the case of annealing at temperatures of 370, 385 and 400◦C, as a result of which thin films

of polycrystalline silicon were obtained. It is shown that, at low annealing temperatures, the surface morphology

of the crystalline material is represented by dendritic structures corresponding to the growth model with diffusion-

limited aggregation. In addition, with increasing annealing temperature, the nucleation density increases from 3

to 53mm−2 . From the Arrhenius plot, the activation energy of the a-SiO0.25 AIC was obtained for the first time

and appeared to be 3.7± 0.4 eV.
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In recent times, an increase took place in the semicon-

ductor industry demand for producing thin films of poly-
crystalline silicon (poly -Si) on low-cost low-temperature
substrates, which are necessary for the photovoltaics and

microelectronics [1,2]. One of the most common techniques
for fabricating the poly -Si thin films is the metal-induced
crystallization of amorphous silicon (a -Si) in which the

process temperature and duration are reduced by using a
metal (gold, nickel, aluminum). The aluminum-induced

crystallization (AIC) of a -Si is an advanced method for
the formation of high-quality thin film of poly -Si [3]. As
known, the AIC of a -Si is defined by two stages, namely,

nucleation and growth of the poly -Si crystals [4], therefore
investigation of these stages provides deep understanding of
the AIC process, which finally will enable the control and

quality improvement of the obtained poly -Si films.
In addition, AIC of a -Si and properties of the obtained

poly -Si films are strongly affected by impurities (e. g.,
oxygen) in the initial silicon-containing material. A few
reports on AIC investigation for oxygen-containing films

have been published [5,6] and showed that the problem of
the oxygen influence needs more detailed study.
In this paper, analysis of kinetic processes was carried

out, and the activation energy of the aluminum-induced
crystallization of amorphous silicon suboxide (a -SiOx ,

0 < x < 2) was obtained for the first time.
Using plasma enhanced chemical vapor deposition based

on a wide-aperture source with inductive high-frequency

excitation (13.56MHz), thin a -SiOx films were synthesized
from the SiH4−O2 gas mixture on the quartz and monocrys-
talline silicon substrates. The high-frequency radiation

power was 50W, while the substrate temperature was
150◦C. Based on the IR transmission spectra measured

with the Scimitar FTS 2000 setup, the initial film stoichio-
metric coefficient was determined (x = 0.25) [7]. As the

membrane layer, a native oxide layer obtained by exposing

the samples to air was used [8]. After that, an aluminum

layer was formed on the samples by the thermal vacuum

evaporation. The a -SiOx film thickness (160 nm) and that

of the Al film (130 nm) were acquired from images of the

initial sample cross sections made with scanning electron

microscope JEOL JSM-6700F. The obtained structures

with the layer arrangement quartz/a -SiO0.25/a -SiO2/Al were

annealed in a vacuum furnace (10−5 Pa) at the temperatures

of 370, 385 and 400◦C for the time of up to 19 h. The

vacuum furnace was equipped with optical microscope

Navitar Zoom 6000 Ultrazoom for in situ observations.

Fig. 1 presents the optical-microscope images of sam-

ples annealed at 370, 385 and 400◦C. As a result of

layer exchange [9], nucleation and growth of the poly-

Si crystalline structures were observed in the process of

annealing on the side of aluminum [8]. Based on the optical-

microscope images, it is possible to estimate the nucleation

density that is one of the nucleation stage chatacteristics

and directly depends on the annealing temperature. The

nucleation density calculated for the samples under consid-

eration increases with increasing annealing temperature and

equals 3, 18 and 53mm−2 for temperatures of 370, 385 and

400◦C, respectively. Based on the average poly-Si grain size

obtained from the data presented in [9,10], the nucleation

density was calculated for AIC of a -Si arranged as follows:

substrate/Al/membrane layer/a -Si. Notice that the results

obtained for the AIC of a -SiOx are about 100 times lower

than the nucleation densities calculated for the AIC of

a -Si. It is known that the decrease in the nucleation

density leads to an increase in the average lateral size of

the crystalline structure [11]. Thus, the low nucleation

density obtained in this work confirms that the use of

oxygen-containing films as silicon precursors promotes the
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Figure 1. Optical microscope pictures of the sample surfaces annealed at 370 (a), 385 (b), 400◦C (c).

increase in the average size of crystalline structures. At

the low annealing temperatures (Figs. 1, a and b), the

surface morphology has a form of fractal dendritic structures

(dendrites) looking like a Brownian tree. This form

conforms to the growth mathematical model described by

the diffusion-limited aggregation (DLA) [12] since it is

assumed that, with decreasing annealing temperature, the

coefficient of Si atom diffusion into the Al layer becomes a

key parameter affecting the crystalline structure growth rate.

While the annealing temperature increases, the effect of

the diffusion coefficient becomes weaker [13], which results

in changes in the crystalline structure surface morphology

(Fig. 1, c).

Notice that in annealing not only the silicon crystallization

takes place but also an alumothermal reaction causing the

Si−O bond rupture and further oxidation of aluminum [6].

However, assessment of thermal effect of this reaction needs

a separate analysis.

To describe the AIC of a -Si kinetics, the cover fraction

(CF) curve is used, which represents the dependence of the

sample covering with a crystalline material on the annealing

time [14]. Using the surface images made during annealing

with the optical microscope, CF values were obtained for

the temperatures of 370, 385 and 400◦C (Fig. 2). CF was

calculated as a ratio between the crystalline structure area

(dark regions in the image) and total area of the image.

For all the temperatures, constant value CF = 54% was

obtained, which means the completion of the AIC process.

Such a value of CF results from the fact that the ratio

between the initial film thicknesses a -SiOx /Al in the sample

was chosen lower than that necessary to form a continuous

poly-Si film [15]. Notice that, when the temperature
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Figure 2. Cover fraction versus the annealing time for the

annealing temperatures of 370, 385 and 400◦C. The points are

interpolated with lines for better visualization of the experimental

results.
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Figure 3. The Arrhenius plot for the annealing time corre-

sponding to formation of the coating with CF = 50% versus the

reciprocal annealing temperature.

increases from 370 to 400◦C, the time necessary to reach

CF = 54% decreases from 1020 to 180min.

Fig. 3 presents the Arrhenius plot demonstrating the time

necessary to form the film with CF = 50% versus the

reciprocal temperature. The activation energy of the AIC of

a -SiO0.25 process was determined from the approximating

straight line slope according to the procedure described

in [16]; the energy appeared to be 3.7 ± 0.4 eV. The

obtained value is higher than the AIC of a -Si activation

energies ranging from 1.04 [17] to 1.9 eV [4].
Thus, in this work kinetics of the aluminum-induced

crystallization of non-stoichiometric silicon oxide a -SiO0.25

was studied at annealing temperatures of 370, 385 and

400◦C. The nucleation density increases with increasing

temperature from 3 to 53 mm−2 that is essentially lower

than for the AIC of a -Si. The paper has shown that

at low annealing temperature the surface morphology is

represented by dendritic structures corresponding to the

DLA growth model. Using the Arrhenius plot, the AIC of

a -SiO0.25 activation energy was obtained for the first time;

it was 3.7± 0.4 eV.
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