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Large-Grain Polysilicon Crystallization
Enhancement Using Pulsed RTA

C. F. Cheng, T. C. Leung, M. C. Poon, Senior Member, IEEE, and Mansun Chan, Senior Member, IEEE

Abstract—Enhanced metal-induced lateral crystallization
(MILC) using a pulsed rapid thermal annealing (PRTA) technique
to form a large-grain polysilicon layer has been investigated. By
applying high temperature for a short period of time, MILC
is enhanced while the background solid phase crystallization is
suppressed. Experimental results show that the PRTA method is
capable of increasing the rate of directional crystallization and
improving the crystal quality of the recrystallized polysilicon
layer. The overall annealing time and total thermal budget to
achieve similar grain size as in constant temperature annealing is
also reduced.

Index Terms—Crystallization, pulsed rapid thermal annealing
(PRTA), polysilicon, thin-film transistor (TFT).

I. INTRODUCTION

THIN-FILM transistors (TFTs) fabricated on a polysilicon
layer is an important technology used in a system-on-panel

(SOP) for flat-panel-displays (FPD) [1], [2]. Using metal-in-
duced lateral crystallization (MILC), the crystallization rate of
a-Si can be significantly increased by the catalytic process, and
a large-grain polysilicon-on-insulator (LPSOI) layer with local
grain quality similar to that of a single crystal silicon can be ob-
tained [3], [4]. Very high-performance TFT, similar to conven-
tional silicon-on-insulator (SOI)-MOSFET, fabricated on these
LPSOI layers has been demonstrated [3]. However, the high-
quality LPSOI formation requires a high-temperature annealing
process. The thermal budget required is often too high for low-
temperature TFT fabrication, and the heat accumulation may
cause other undesirable effects (such as lateral dopant diffusion)
even for technologies that can tolerate higher temperature (such
as multilayer stacked transistors technology [5]). In this letter,
MILC processes under conventional constant temperature an-
nealing (CTA) and pulsed rapid thermal annealing (PRTA) are
studied. Using a specific heating pattern with very short an-
nealing pulses, a much faster crystallization rate at a smaller
thermal budget can be achieved.

II. EXPERIMENT

The film preparation method was the same as that described
in [6] with MILC induced by nickel (Ni). After the Ni deposi-
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Fig. 1. On/off status of the heating lamp and the corresponding temperature
change measured in the rapid thermal processing chamber.

tion, one type of the samples was treated by PRTA in a rapid
thermal processor (RTP)-300. During PRTA, the heating lamp
of the processor was turned on for 5–10 s and off for 30 s peri-
odically to anneal the samples in N ambient. Fig. 1 shows the
pattern of the applied pulses together with the measured temper-
ature in the chamber. A peak temperature of 700 C was used
for the annealing. The MILC rate during the cooling phase at
400 C is less than 0.1 m/h [7] and can be ignored. Other sam-
ples were annealed in conventional furnace at various constant
temperatures in N ambient for comparison. N-channel MOS-
FETs with 218– gate oxide thickness were fabricated on both
types of the MILC polysilicon layers to compare their perfor-
mance.

III. RESULTS AND DISCUSSIONS

A. Crystallization Characteristics

In the MILC process, the growth of the MILC region is re-
sulted from the continuous enlargement of the MILC polysil-
icon grains in the lateral crystallization direction. Fig. 2 shows
the growth rate of the MILC region formed by furnace CTA.
The initial growth rate increases with the annealing temperature,
which is consistent with previous data [7]. However, the crys-
tallization stops once the crystal size reaches some saturation
values that depend on the annealing temperature. Both the time
to reach the saturation level and the final crystallization length
of the MILC region decrease with increasing temperature. The
observation can be explained by the competing crystallization
mechanisms between the MILC and the background solid phase
crystallization (SPC). MILC and SPC, however, do not occur at
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Fig. 2. Growth of the MILC region using conventional CTA with different
annealing temperatures.

the same time. At the onset of the crystallization, an incubation
time is required for the SPC of amorphous silicon (a-Si) to take
place [8], [9]. Therefore, the MILC length increases steadily
without the interference from SPC at the beginning of the an-
nealing process. Once the SPC starts, the lateral crystallization
is clogged up by the crystalline region in the film resulting from
the SPC process. At a higher temperature, the transient incuba-
tion time of SPC decreases [8]. This explains the shorter time to
reach the saturation of the MILC process and the smaller final
grain size at a higher temperature. In order to obtain large grain
size with high crystallization rate, it is necessary to retard the
background SPC process. Since an incubation time for a-Si nu-
cleation is necessary in the SPC process, the effect of SPC can
be suppressed if the annealing period is shorter than the incuba-
tion time. PRTA, which performs the annealing in short heating
periods and at high peak temperature, is thus proposed. Fig. 3
shows the final MILC regions formed by CTA and PRTA both
at a peak temperature of 700 C. The growth processes using
the two techniques were monitored and plotted in Fig. 4. When
a 700 C CTA was applied, the MILC region stopped to expand
after 5 min. annealing. No further lateral crystallization could
be observed even with additional annealing. The image of the
MILC region from the CTA is shown in Fig. 3(a). Random nu-
cleation of polysilicon grain at various locations from SPC can
be observed in this case. Fig. 3(b) shows the image of MILC
region from PRTA with the same total thermal budget as in the
CTA case applied through 60 annealing cycles. The final length
of the MILC region is two times that of the CTA sample, and no
obvious random nucleation of polysilicon grain is observed.

B. Electrical Performance

Compared with single grain crystal, microdefects in polysil-
icon film degrade the device performance fabricated on it [3].
The suppression of SPC relative to MILC reduces the microde-
fects and random grain boundaries in the LPSOI film. Fig. 5
shows the current-voltage characteristics of n-channel TFTs
fabricated on the MILC layers using CTA and PRTA. The CTA

Fig. 3. (a) MILC region formed by different annealing methods by CTA at
700 C for 5 min (random nucleation of polysilicon grain at various locations
from SPC led formation of the rough MILC boundary) and (b) by PRTA with
a peak temperature at 700 C for 60 pulses (on/off time of the PRTA heating
lamp was 5/30 s per each annealing pulses.)

Fig. 4. Growth of the MILC region using different annealing methods: CTA
at 700 C and PRTA with the peak annealing temperature at 700 C (on/off time
of the PRTA heating lamp was 5/30 s per each annealing pulse.)

sample was prepared with 550 C CTA for 40 h to provide
an MILC length of 79 m. The selected condition is one that
produces the best device as discussed in [10]. The PRTA sample
was prepared with 700 C pulses for 60 cycles (total heating
time of 10 min) to form an MILC length of 38 m. Despite the
fact that the MILC length of the PRTA is smaller than that of
the CTA, TFT fabricated with the PRTA exhibits higher drain
current, lower threshold voltage, steeper subthreshold slope and
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Fig. 5. I –V characteristics of the n-channel MOSFET devices fabricated
on MILC polysilicon films formed by PRTA (700 C and 60 cycles with on/off
condition of 10/30 s) and CTA (550 C for 40 h). The gate oxide thickness of
the TFTs is 218 �A.

larger on/off current ratio. The improvement in performance is
attributed to better grain quality achieved by the PRTA process.

IV. CONCLUSION

This letter has compared the MILC processes under conven-
tional CTA and PRTA. The PRTA has been shown to be effective
for reducing the background SPC effect relative to the MILC
process and enlarge the ultimate MILC area. By using the PRTA
process, numerous advantages can be achieved including shorter
processing time, lower total thermal budget, larger final grain
size and better grain quality. The electrical properties of TFTs
fabricated on LPSOI film formed by CTA and PRTA processes

have also been compared. It is demonstrated that TFTs from the
PRTA process displayed much better electrical characteristics
relative to that from CTA.
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