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Fabrication of Uniform and High Mobility
Low Temperature Poly-Si TFTs
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In order to further improve the quality
of crystallized poly-Si thin films and the
performance of LTPS TFTs, and avoid the
drawbacks of conventiona ELC and
Ni-MILC process, a novel crystalization
method is subsequently proposed. A
high-quality poly-Si thin film with large
grains could be produced by a combination
of Ni-MILC and ELA processes if the post
ELA process is properly controlled. The
Ni-MILC processisinitially used to produce
a poly-Si thin film with very large but
defect-rich grains and the post ELA process
subsequently reduces the intra-grain defects
while keeping the grain size large. LTPS
TFTs with field-effect mobility exceeding
300 cm?/V*s have been fabricated by using
this method, while exhibit good uniformity.
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Reasons and Purposes

Nickel metal-induced lateral
crystallization (Ni-MILC) of amorphous
silicon (aSi) thin film has been utilized to
fabricate good-performance low-temperature
polycrystalline silicon (LTPS) thin film
transistors (TFTs). By means of proper
selection of device layout and process
parameters, such as film thickness, shape
and length of Ni seeding window, and
distance between Ni seeding window and
TFT channel, LTPS TFTs with improved
performance and good uniformity have been
fabricated. However, in spite of the above,
the electrical characteristics of LTPS TFTs
fabricated by Ni-MILC process are till
inferior to those fabricated by excimer laser
annealing (ELA) process. Besides the metal
contamination in poly-Si, the possible reason
should be attributed to the high defect
density still existing in Ni-MILC poly-Si

A post high-temperature annealing has
been adopted to reduce the defect density in
Ni-MILC poly-Si and enhance grain growth,
and poly-Si TFTs fabricated using this
method exhibited excellent performance
[1][2]. However, such a high temperature
annealing process (generally > 900°C) is not
compatible with glass substrates, which is
against the essential requirement for LTPS
TFT technology.

In this report, a conceptual basis for the
two-step annealing is first introduced, along
with the experiments for the fabrication of
LTPS TFTs by applying post laser annealing
on Ni-MILC poly-Si thin film. Electrical



performance of the resulting devices is then
reviewed, placing emphasis on the
improvement in performance accompanying
with good uniformity.

Experiments

The procedure of fabricating LTPS TFTs
is illustrated in Fig. 1. A 450A amorphous
silicon layer was first deposited on an
oxidized silicon substrate by LPCVD at
450°C. Ni-MILC was caried out
subsequently at 550°C for severa hours. The
remaining Ni and capping oxide were
removed completely after crystalization.
After clean process, the wafer was then
subjected to KrF excimer laser annealing at
room temperature. Several laser energy
densities and shot densities per area were
adopted to investigate their effects on the
TFT performance. After defining the device
active layer, a 1000A TEOS gate oxide was
deposited by PECVD. A 3000-A TaN film
was then deposited by sputtering for gate
electrode. The TaN and gate oxide were
etched by reactive ion etching (RIE) to form
gate electrodes. A self-aligned phosphorous
implantation with dose of 5 10" cm™ was
carried out to form source and drain regions.
A passivation oxide layer was then deposited
and the implanted dopants were activated by
thermal annealing at 550°C for 12 h. Contact
holes formation and metallization were
carried out after dopants activation.

Results and Discussion

Figure 2 shows the SEM image of
Secco-etched poly-Si thin film produced by
Ni-MILC followed by post laser annealing.
Only one distinct grain boundary is observed
in the graph, and the actua grain size
observed by SEM is tens of micrometers
long. For comparison of the intragrain
microstructure, Fig. 3(a) and 3(b) show the
magnified SEM images of Secco-etched
poly-Si thin films produced by Ni-MILC and
Ni-MILC followed by post laser annealing,
respectively. It is observed that the Ni-MILC
poly-Si thin film was full of defects and

low-angle grain boundaries. However, after
laser annealing, most of the defects and
low-angle grain  boundaries  between
needlelike crystallites disappeared. Laser
irradiation made the Ni-MILC poly-Si
melting and subsequently re-solidify from
the un-melted poly-Si, which provided the
energy to repair the defects generating in
Ni-MILC process and to merge the small
grains separated by low-angle gran
boundaries. Besides, as the applied laser
energy density did not completely melt the
crystallized poly-Si thin film, poly-Si would
re-grow from the un-melted poly-Si seeds,
and as a result, the microstructure of the
laser-annealed poly-Si resembles that of
un-annealed one.

Figure 4 shows typica transfer
characteristics of LTPS TFTs fabricated by
applying laser annealing on Ni-MILC
poly-Si thin films, in which the number of
applied laser-shot per area was 20 and 100,
and the laser energy density was optimized
to obtain the best TFT performance. Table 1
aso lists some importance electrica
characteristics of the two devices. Increasing
the number of applied laser-shot per area
from 20 to 100 promoted the field effect
mobility of LTPS TFTs from 138 to 308.
Low threshold voltage and subthreshold
swing were also obtained in both.

Figure 5(a)~5(b) display the dependence
of electrical characteristics of LTPS TFTs on
the applied laser energy density, in which the
field effect mobility, threshold voltage, and
subthreshold swing are included,
respectively. In this case, the applied laser
shot density per area was 100 and TFT
dimension of W/L = 20 mm / 20 nm was
measured. There is an optimal range of laser
energy density for obtaining the best TFT
performance, which is similar to the results
reported by Murley et a. [4]. Field effect
mobility of exceeding 200 cm?/V*s can be
achieved when the applied laser energy
density was controlled at 270 ~ 280 mJ/cm®.
They imply that the performance of TFTs is
related to the melting depth of poly-Si thin
films. In order to obtain the best quality of
poly-Si thin films, defectsin poly-Si must be



removed entirely by melting most of the
poly-Si thin film. As aresult, precise control
of applied laser energy density is aso
indispensable for this new process

Fig. 6(@) and 6(b) show the statistical
distribution of the threshold voltage (V) and
field effect mobility (me) of LTPS TFTs
fabricated by different crystallization
manners, respectively. Twenty TFTs were
measured in each case, and the laser energy
density was controlled at nearly optimal
value for those requiring laser annealing.
Among the five crystallization manners used,
the LTPS TFTs fabricated by a combination
of Ni-MILC and ELA show much better
performance and uniformity than those
fabricated merely by either Ni-MILC or
ELA of &Si.

Conclusions

High-performance LTPS TFTs with
good uniformity have been fabricated by
combining the Ni-MILC and ELA process.
The SEM image has shown that the grain
size of the poly-Si thin film produced by the
proposed method was tens of micrometers
long, and the microstructure resembled the
Ni-MILC one excluding the reduction of
defect density. Laser energy density and
number of laser shot have been shown to
have a profound influence on the
performance of resulting LTPS TFTs. By
optimizing the laser process conditions,
LTPS TFTs with field-effect mobility
exceeding 300 cm?/V*s were fabricated. The
performance and uniformity of LTPS TFTs
fabricated by combining the Ni-MILC and
ELA process were shown to be much
superior to those of LTPS TFTs fabricated by
merely either ELA or Ni-MILC process.
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Table 1 Measured electrical characteristics of
LTPS TFTs fabricated by applying laser
annealing on Ni-MILC poly-Si thin films,
Ni-MLC +
ELA

lon/l of f
(10

mobility SS
(cm?/V*s)

(mV/dec)

100 shots 308 240 173

20 shots 138 ) 320 0.466

Ni
oxide
- - a-Si
oxide
silicon wafer

excimer laser irradiation
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TaN
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poly-Si N+ |
oxide

[ ne

silicon wafer

Fig. 1 The process procedure of fabricating
LTPS TFTs by applying post laser annealing on
Ni-MILC poly-Si thin films.
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