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Recently, it was reported that amorphous silicon (aS) thin films could be crystallized at a low temperature
(~500°C) using the meta-induced lateral crystalization (MILC) process. The MILC process enables the crys-
talization of aS thin films with less metal contamination. However, some problems remain that need to
be solved, such as the complicated process steps and the long annesling time required to crystdlize a-Si.
In this work, we propose a novel method that simplifies the process and reduces the processing time using
a seed layer, which resulted in the crystalization of the aSi thin film in a shorter time. We aso fabricated
poly-Si TFTs to confirm the quality of the poly-Si that was crystalized by the novel method. The poly-
S TFTs using the Ni seed layer, which exhibited a filed effect mobility of 42.1cm’/V's and an on/off ratio
of 1.9x10° V/dec; these vaues are similar to those of the poly-Si TFTs fabricated using the conventional

MILC process.
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1. INTRODUCTION

Polycrydtdline silicon (poly-S) thin-film transistors (TFTS)
are a very attractive technology for application in active
matrix displays with built-in drivers fabricated on glass sub-
drates. The most widely employed methods for poly-Si for-
mation are furnace annealing for solid-phase crystdlization
(SPC)™ and eximer laser annealing (ELA).” SPC is awell
known process, but the normal crystallization temperature,
which is near 600°C, is very high for common glass sub-
drates. ELA methods were developed in order to achieve
high performance in the TFTs, but many problems remain to
be resolved.® However, it has been reported that the crystal-
lization annealing temperature of aS thin film could be
lowered below 500°C by the addition of some metals!*?
However, despite the low therma budget, the poly-Si thin
films crydallized by metal induced crystalization (MIC)
have serious problems when gpplied to poly-Si TFTs due to
the metal contamination in the channedl layers. Meta con-
tamination in the channel layer can degrade the field effect
mobility and anonymous leakage current.®

Recently, a meta-induced lateral crystalization (MILC)
process has been introduced where amorphous silicon (aSi)
thin films were crystdlized at a low temperature of below
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500°C.™ |t was reported that high performance poly-S
TFTscould be successfully fabricated through Ni-MILC.["**
However, some problems remain that need to be solved,
such as the complicated process steps and the long annealing
time required to crystdlize a-Si.

In this work, we propose a novel method to simplify the
process and reduce the processing time using aNi seed layer.
We could crystdlize the &Si thin film in a shorter time than
that of aSi viaMILC using a Ni seed layer. We aso fabri-
cated poly-Si TFTs to confirm the quality of the poly-Si that
was crystallized using the novel method.

2. EXPERIMENTAL DETAILS

To observe the growth aspects of poly-S crystalized
using a Ni seed layer, a 3000 A thick SiO, layer was depos-
ited on a glass substrate as a buffer layer via plasma
enhanced CVD (PECVD) using SiH, and N,O gas at 420°C,
and then a 600 A thick aSi thin film (first &S layer) was
deposited on the glass (Corning 1737) substrate via a low-
pressure chemical vapor deposition (LPCVD) using disilane
(SizHe) gas a 550°C. A Ni film of 50 A thickness was
deposited via direct-current magnetron sputtering a room
temperature. The &S below Ni was crystallized by rapid
therma annealing a 300°C in a vacuum for 1 h, and the
remaining Ni was removed by HNO;+HCI +H,0, etchant.
Thisis caled the Ni seed layer. Next, a600 A thick a-Si thin
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Fig. 1. (a) Process steps of crystallization using a seed layer, and (b) schematic diagram of the fabricated seed layer TFT.

film (second &S layer) was deposited on the Ni seed layer/
glass subdtrate via LPCVD using disilane (Si:Hs) gas a
550°C. The process steps of the Ni seed layer are shown in
Fig. 1(a). The samples were annealed at 550°C in avacuum
for 1 hto crystallize the second &Si layer through thefirst a
Si layer.

To investigate the quality of the Ni-seed MILC poly-Si, p-
channeg MILC TFTs were féabricated. The channel dimen-
sions of the p-channel TFTs were 10 um wide and 10 um
long. An active layer was patterned, and then 21000 A thick
gae oxide was deposited via plasmaenhanced CVD
(PECVD) using SiH, and N;O gas a 420°C. Next, an MoW
gate metal with a thickness of 2000 A was formed by sput-
tering. The gate metal was etched using HsPO,+ CH;COOH
+HNO;+H,0 etchant, and the gate oxide was etched via
RIE using SFs, Ar, and CHF; gas. The source-drain region
was doped through an ion mass doping system using a B:Hs
source gas. The accelerating voltage and radio frequency

power were 15 keV and 150 W, respectively. The samples
were annealed at 570°C for 2 h in H, ambient to crystdlize
the &S and dopant activation. The electrical properties of
the TFTs were measured using HP4140B.

3. RESULTS AND DISCUSSION

In the conventiona MILC process, Ni seeds are formed
only in the desired areas on the &S film by MIC, and then
theaSi filmiscrystallized laterally™ " and achannel region
can be crystallized. In the proposed process, however, Ni is
deposited on thefirst aSi layer to form a Ni seed layer, and
then the second &S layer is crystalized by the first a&Si
layer (seed layer). As shown in Fig. 1(a), when a Ni film of
50A thickness was deposited on the first &S layer,
anneded for MIC, and then the second aSi layer was depos-
ited after Ni removal, Ni seeds were formed on the second &
Si layer using the Ni silicide on the first &Si layer as shown
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Fig. 2. Figure 2 shows that there are many nuclel inside the
Ni seed layer, and one nucleus consisting of Ni slicideisin
one crystal. Figure 3 shows the crystallization stages of the
MIC region crydallized via the Ni seed layer as the annedl-
ing time increases. Annealing was performed a 550°C in a
vacuum. As Fig. 3(a) shows, the &S deposited on the Ni
seed layer was crystallized by the Ni silicides first and then
grew gradudly as the time increased. Finaly, the MIC
region was fully crystalized, and lateral growth occurred as
shown Fig. 3(d). Figure 4 showsthe MIC region crystallized
using the Ni seed layer after chemical etching with a secco
etchant. The secco etchant can etch &S and Ni slicide

&
. - _ & .

Fig. 2. Optical microscope images of the front silicon region crystal-
lized viathe seed layer before annedling.

sdlectively. AsFig. 4 shows, there are many nuclel inside the
Ni seed layer. The crystdlization proceeds from these nuclei,
meets neighboring grains, and finally forms a grain bound-
ary. These results show that the crystalization resulting from
the Ni seed layer is didtinctly different from that which
results from using Ni metal. Therefore, it was found the Ni
seeds consist of only Ni silicides and the lateral growth was
due to only the Ni silicides that were in the Ni seeds. The
crystal dimensions cryddlized by the seed layer were
approximately 10~20 um. The microstructures of the MIC
(Ni seed layer)/MILC boundary with FESEM after the secco

Fig. 4. Optical microscope images of the front silicon region crystal-
lized using the seed layer after annealing (secco etching).

Lateral Growth

Fig. 3. Crystdlization stages of MILC caused by the Ni seed: (a) after the second &Sl deposition, (b) after 10 min, (c) after 20 min, and (d) after

40 min of thermal annealing by RTA.
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Fig. 5. FESEM image of MIC (Ni seed) and MILC boundary crystal-
lized using the Ni seed.
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Fig. 6. The electricd properties of the p-type poly-S TFTs that were
fabricated viathe (8) MILC process and (b) seed layer.

Table 1. Detailed device parameters of the MILC poly-Si TFT and the seed layer poly-Si TFTs

etching are shown in Fig. 5. The figure shows that not only
the MILC region but aso the MIC (Ni seed layer) region has
good quality poly-Si, which meansthere are no void or small
grain boundaries in the poly-Si. That is, the poly-Si crystal-
lized using the Ni seed layer has alarge grain size and good
qudity.

Figure 6 illustrates the electrica properties of the p-chan-
nel poly-Si TFTsthat were fabricated using the conventional
MILC process and the Ni seed layer. The closed symbol rep-
resents the current-voltage characteristics of the conven-
tional MILC poly-Si TFTs, while the open symbol represents
that of the seed layer poly-Si TFTs. The minimum leakage
current of the p-channel seed layer TFTs decreased from
0.25 to 1.24x10™. Also, the seed layer TFTs had a higher
on/off ratio than the conventional MILC TFTs. However, the
on current of the p-channel seed layer TFTs decreased from
7.82 t0 0.19x10° A and the field-effect mobility decreased
from 62.4 to 42.1cm?/Vs. That is, the electrical performances
in the seed layer TFTs compared with the conventiona
MILC TFTs were dmogt identical. This phenomenon was
systematically observed for al TFTs with different channel
dimensions. Among the channel dimensions, the detailed
device parameters of the p-type TFTs with a 10 um width
and a10 um length are summarized in Table 1. Theseresults
can explain the good electrica properties of the seed layer
TFTs. Furthermore, in contrast to the process of the conven-
tional MILC TFTs, the process of the seed layer TFTsused a
much shorter annedling time to crystalize the aSi. Also,
there was no mask step needed to form the Ni seed layer and
crystalize the aS. Thus, the overall processing time could
be reduced.

4. SUMMARY

In summary, we proposed a novel method to simplify the
process and reduce the processing time required to crystal-
lize &S using a seed layer. In contrast to the conventiona
MILC TFT process, the proposed process using seed layer
TFTs required a shorter anneding time to crystalize aS,

(W/L=10:10 um)®

Parameters MILC TFTs Seed layer TFTs
Subthreshold slope (V/dec} 0.70 0.69
Threshold voltage (v) -6.0 9.1
Field-effect mobility (cm?/Vs) 62.4 421
Minimum leakage current ( x10™°A) 0.25 1.24
On current (x10°A) 7.82 0.19
Maximum on/off ratio (x10°A) 2.63 1.57

#The threshold voltage was defined at a normalized drain current (InsxW/L) of 1 uA at Vp=10.1 V. The subthreshold slope was defined as
the voltage required, increasing the drain current by afactor of 10, and the field-effect mobility was calculated in the linear region at Vp =
10.1 V. The maximum on/off ratio was determined at Vp=10.1V and Vg=-20—10 V.
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and there was no mask step to form the Ni seed layer and
crystalize the aSi. Therefore, we could reduce the overdl
processing time. We dso fabricated poly-Si TFTsto confirm
the quality of the poly-S that was crystdlized using the
novel method. Compared with the conventional MILC
TFTs, the eectrical performances in the seed layer TFTs
were amost identical. From these results, we concluded that
good qudlity poly-Si TFTs can befabricated in ashorter time
using the seed layer.

REFERENCES

1. K. Nakazawa, J. Appl. Phys. 69, 1703 (1991).

2. H. Kuriyama, S. Kiyama, S. Noguchi, T. Kuwahara, S.
Ishida, T. Nohda, K. Sano, J. lwata, S. Tsuda, and S.
Nakano, IEDM 1991 Tech. Dig., p. 565, IEEE, Washing-
ton, D.C. (1991).

3. P Migliorato, S. W. B. Tam, O. K. B. Lui, T. M. Brown, M.
J. Quinn, T. Shimoda, and H. Ohshima, SD Int. Symp.
Digest Tech. Papers 28, 171 (1997).

4. T. J. Konno and R. Sinclair, Mat Sci Eng. A179/A 180, 426

(1994).

5. G. Radnoczi, A. Robertsson, H. T. G. Hentzell, S. F. Gong,
and M.-A. Hasan, J. Appl. Phys. 69, 6394 (1991).

6. A. Chiang, I. W. Wu, M. Hack, A. G. Lewis, T. Y. Huang,
and C. C. Tas, Extended Abs 1991 Conf Solid Sate
Devicesand Materials, p. 586, The Japan Society of Applied
Physics (1991).

7.S. W. Lee and S. K. Joo, |EEE Electron Device Lett. 17,
160 (1996).

8.S.W. Leeand Y. C. Jeon, and S. K. Joo, Appl. Phys. Lett.
66, 1671 (1995).

9.S.W. Leg, T.-H. Ihn, and S. K. Joo, |EEE Electron Device
Lett. 17, 407 (1996).

10.Y. G. Yoon, B. D. Kim, M. S. Kim, S. H. Choi, and S. K.
Joo, Electrochem. Solid-Sate Lett. 7, G151 (2004).

11. N.-K. Song, Y.-S. Kim, M.-S. Kim, S.-H. Kan, and S-K.
Joo, Electrical and Solid-Sate Letters. 10, H142-H144,
(2007).

12. P-C. Liu, C.-Y. Hou, and Y. C.-S. Wu, Thin Solid Films
478, 280 (2005).

Electron. Mater. Lett. \VVol. 4, No. 2 (2008)



