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The effects of thickness of a-Si thin films on the resulting microstructure of metal-induced laterally crystallized 共MILC兲 poly-Si
and electrical characteristics of MILC low temperature poly-Si 共LTPS兲 thin film transistors 共TFTs兲 were investigated. The TEM
images revealed a double-layer structure in the 1000-Å MILC poly-Si thin film. However, for the 400-Å MILC poly-Si thin film,
there were single-layer grains within the thin film layer. The reason has been ascribed to the geometry restriction in the crystallization procedure. The average mobility of fabricated MILC LTPS TFTs with active layer thickness of 400 Å showed a little
higher than that with 1000 Å active layer. Moreover, the MILC LTPS TFTs with active layer thickness of 400 Å exhibited better
electrical uniformity than those with 1000 Å active layer either in threshold voltage or field-effect mobility. The reason should also
be attributed to the different crystalline structures within the two thin-film layers.
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Low-temperature poly-Si 共LTPS兲 thin-film transistors 共TFTs兲
have received much attention in recent years because of their increasing use in active matrix displays, such as active matrix liquid
crystal displays 共AMLCDs兲1-5 and active matrix organic lightemitting displays 共AMOLEDs兲,6-10 and potential for threedimensional integrated circuit 共IC兲 applications.11 The ability of fabricating high-performance LTPS TFTs enables their use in a wide
range of applications. Therefore, there is great interest in improving
the performance of LTPS TFTs. Solid-phase crystallization 共SPC兲
has been a popular crystallization method for producing large-grain
poly-Si thin films at low process temperature. However, a major
drawback of conventional SPC is the long crystallization times at a
temperature of about 600°C, which is not suitable for large-area
glass substrate applications. Besides, conventional SPC also suffers
from large defect density in the grains, which makes it hard to produce high-performance TFTs. Although excimer laser crystallization
共ELC兲, a promising technique for mass production of LTPS TFTs on
large-area glass substrates, can produce large-grain poly-Si with low
intragrain defect density at low temperature, it suffers from high
initial facility cost, high process complexity, and a narrow process
window. Recently, Pd or Ni was found to induce crystallization of
a-Si outside its coverage area.12-14 This phenomenon of metalinduced ‘‘lateral’’ crystallization, or MILC for short, produces
poly-Si thin films largely free of metal contamination, with better
crystallinity than those produced by SPC. Among various metals, Ni
has been shown to be the best candidate of inducing lateral crystallization at low temperature for fabricating good-performance
poly-Si TFTs.
Although the MILC process and the electrical characteristics of
MILC LTPS TFTs have been widely studied, there are still unsolved
questions requiring identification. In this work, the effect of thinfilm thickness on the results of MILC poly-Si thin films and the
electrical characteristics of MILC LTPS TFTs is discussed. The detail mechanism of MILC with different thin-film thicknesses is also
analyzed.
Experimental
A schematic graph shown in Fig. 1 illustrates the fabrication
process of MILC LTPS TFTs. Various thicknesses of a-Si thin films
were first deposited on oxidized silicon wafers by decomposition of
pure silane (SiH4 ) with low-pressure chemical vapor deposition
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共LPCVD兲 at 550°C. 2000 Å thick screen oxides were then deposited
by plasma-enhanced chemical vapor deposition 共PECVD兲. Ni seeding windows were patterned next to the device active channel region
and etched to expose the seeding windows for Ni deposition. A 100
Å Ni layer was then deposited by thermal evaporation and lateral
crystallization was carried out subsequently at 500°C for several
hours in N2 ambient. The remaining Ni and capping oxide were
removed completely after crystallization. After defining the device
active layer, 1000 Å tetraethyl orthosilicate 共TEOS兲 gate oxides
were deposited by PECVD at 385°C. 3000 Å TaN films were then
deposited by sputtering for gate electrode. The TaN films and gate
oxides were etched by reactive ion etching 共RIE兲 to form gate electrodes. Next, a self-aligned phosphorous implantation with a dose of
5 ⫻ 1015 cm⫺2 was carried out to form the source and drain regions. 3000 Å thick passivation TEOS oxides were then deposited
by PECVD, following by 12 h thermal annealing at 550°C for activation of implanted dopants. Finally, contact hole formation and
metallization were carried out to complete the process. A 20 min
sintering process was carried out at 400°C to reduce the contact
series resistance of the source/drain electrodes.
Results and Discussion
Figure 2 shows the dependence of crystallization rate on the
thickness of a-Si thin film. The crystallization was carried out at
500°C, and the crystallization rate was measured after 20 h thermal
annealing. The MILC rate decreases gradually with decreasing
thickness from 1000 to 400 Å. Below 400 Å, a drastic reduction of
crystallization rate is observed. The MILC process is mediated by
the migration of the NiSi2 precipitates.15 For thick a-Si film, all
NiSi2 precipitates can act as nucleation sites and participate in the
lateral crystallization process although 具110典-oriented precipitates
may dominate the substantial growth of Si. Because more NiSi2
precipitates can participate in the lateral crystallization process, the
thick a-Si films reasonably exhibit a fast crystallization rate. When
the thickness of a-Si film decreases, the migration of NiSi2 precipitates is restricted by the top and bottom surface of the a-Si thin film.
The nucleus that inclines from the 具110典 direction can hardly lead to
the growth of crystallites because of the intersection of the 兵111其
plane normals with the top or bottom surface. Due to the reduction
of NiSi2 precipitates that can induce lateral crystallization, the lateral crystallization rate decreases with decreasing thickness. For a-Si
thin film ⬍400 Å, in addition to the restriction of NiSi2 precipitate
migration by the top and bottom surface of a-Si thin film, the formation of new NiSi2 precipitates during the lateral crystallization
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Figure 1. The fabrication process of Ni-MILC LTPS TFTs.

process becomes difficult, because the size of NiSi2 precipitate is
generally about several tens of nanometers.16 As a result, a drastic
reduction of crystallization rate is observed for a-Si thin film ⬍400
Å. To obtain an acceptable lateral crystallization rate, thin film
thickness above 400 Å is suitable for device fabrication.
Figures 3 and 4 show cross-sectional transmission electron microscopy 共TEM兲 images of 1000 and 400 Å MILC poly-Si thin
films, respectively. The images reveal two different crystalline structures within the thin film. From the image contrast, a double-layer
structure is found in the 1000 Å MILC poly-Si thin film. That is,
within the thin film layer, there are two grains of different orientations. However, for the 400 Å MILC poly-Si thin film, there is
single layer grains within the thin-film layer. The magnified image
shown in Fig. 4 also indicates a perfect crystalline structure having
a single orientation within the 400 Å MILC poly-Si thin film.
For 1000 Å a-Si thin film, two NiSi2 precipitates with different
orientations may have the chance to induce growth of Si simulta-

Figure 2. The dependence of lateral crystallization rate on the thickness on
a-Si thin film.

Figure 3. Cross-sectional TEM image of a 1000 Å Ni-MILC poly-Si thin
film.

Figure 4. Cross-sectional TEM image of a 400 Å Ni-MILC poly-Si thin
film.
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Table I. Measured electrical characteristics of Ni-MILC LTPS
TFTs.

Ni-MILC LTPS
TFT
400 Å active layer
1000 Å active layer

On/off
current
Threshold Subthreshold
ratio at
Mobility
voltage
swing
共cm2/V s兲
共V兲
共V/decade兲 V ds ⫽ 5.1 V
86
70

7.5
7.7

2.24
2.21

4.11 ⫻ 106
3.41 ⫻ 106

layer thickness of 400 Å is a little higher than that with a 1000 Å
active layer. The reason may be attributed to the different crystalline
structures within the thin-film layer, which has been discussed
above.
Figure 6a and b shows the statistical distribution of the threshold
voltage (V T) and field-effect mobility ( FE) of MILC LTPS TFTs
for different thicknesses of active layer. Twenty TFTs were measured in each case. It is clear that the MILC LTPS TFTs with an
active layer thickness of 400 Å exhibit better electrical uniformity

Figure 5. I-V curves of Ni-MILC LTPS TFTs 共a兲 transfer characteristics and
共b兲 output characteristics.

neously within the thin-film layer. This is because the thickness of
the thin film is about twice as large as the NiSi2 precipitate. In this
case, grains with different orientations can exist simultaneously
within a thin-film layer. However, when the thickness of a-Si thin
film decreases to 400 Å, migration of NiSi2 precipitates is restricted
by the top and bottom surface of a-Si thin film, and only 具110典oriented precipitates can lead to the growth of crystallites because
the thickness of the thin film is approximately equal to the size of
the NiSi2 precipitate. As a result, only one crystalline orientation is
found within the 400 Å thin-film layer.
Typical transfer characteristics curves and output characteristics
curves of fabricated MILC LTPS TFTs with an active layer thickness of 1000 and 400 Å are shown in Fig. 5a and b, respectively.
Table I lists some important typical device electrical characteristics.
In this case, the field-effect mobility and subthreshold swing were
measured at V ds ⫽ 0.1 V, and the threshold voltage was defined as
the gate voltage required to achieve a normalized drain current of
I ds ⫽ (W/L) ⫻ 10⫺8 A at V ds ⫽ 0.1 V. The typical mobilities of
MILC LTPS TFTs with active layer thickness of 1000 and 400 Å are
70 and 86 cm2/V s although there are some variations in these devices. The average mobility of Ni-MILC LTPS TFTs with an active

Figure 6. Statistical distribution of 共a兲 threshold voltage and 共b兲 field-effect
mobility for Ni-MILC LTPS TFTs.
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compared to those with a 1000 Å active layer either in threshold
voltage or field-effect mobility. The reason should also be attributed
to the different crystalline structures within the two thin-film layers.
The electrical characteristics of poly-Si TFT are profoundly affected
by the properties of poly-Si thin film, including crystallinity, grain
size, grain structure, grain orientation, and type of grain boundary.
Because the properties of MILC poly-Si are more uniform in the
400 Å thin film, the electrical characteristics of MILC LTPS TFTs
with an active layer thickness of 400 Å deservedly show little variation. Clearly, a tighter parameter distribution is advantageous, allowing more predictable device performance and easier circuit design.
As a result, a thinner active layer is more suitable for device applications.
Conclusions
The thickness of a-Si thin film has a profound influence on the
resulting microstructure of MILC poly-Si thin film and the electrical
characteristics of fabricated MILC LTPS TFTs. The MILC rate decreased gradually with decreasing thickness from 1000 to 400 Å and
a drastic reduction of crystallization rate was found as thin-film
thickness was reduced below 400 Å due to the restriction of NiSi2
precipitate migration by the top and bottom surface of a-Si thin film.
The 400 Å MILC poly-Si thin film shows better crystalline uniformity within the thin-film layer compared to the thicker one 共1000
Å兲, and MILC LTPS TFTs fabricated using 400 Å MILC poly-Si
thin film exhibited better performance and uniformity.
Acknowledgments
The authors thank the Semiconductor Research Center of National Chiao Tung University and National Nano Device Laboratories for providing the process equipment.

G497

National Chiao Tung University assisted in meeting the publication costs
of this article.

References
1. J. Hanari, J. Soc. Inf. Disp., 10, 53 共2002兲.
2. Y. Oana, J. Soc. Inf. Disp., 9, 169 共2001兲.
3. K. Yoneda, H. Ogata, S. Yuda, K. Suzuki, T. Yamaji, S. Nakanishi, T. Yamada, and
Y. Morimoto, J. Soc. Inf. Disp., 9, 173 共2001兲.
4. Y. Aoki, T. Lizuka, S. Sagi, M. Karube, T. Tsunashima, S. Ishizawa, K. Ando, H.
Sakurai, T. Ejiri, T. Nakazono, M. Kobayashi, H. Sato, N. Ibaraki, M. Sasaki, and
N. Harada, Society for Information Displays Technical Digest, p. 176 共2001兲.
5. J. G. Blake, J. D. Stevens III, and R. Young, Solid State Technol., 41, 56
共1998兲.
6. M. Kimura, I. Yudasaka, S. Kanbe, H. Kobayashi, H. Kiguchi, S. Seki, S. Miyashita, T. Shimoda, T. Ozawa, K. Kitawada, T. Nakazawa, W. Miyazawa, and H.
Ohshima, IEEE Trans. Electron Devices, 46, 2282 共1999兲.
7. M. Stewart, R. S. Howell, L. Pires, M. K. Hatalis, W. Howard, and O. Prache, Tech.
Dig. - Int. Electron Devices Meet., 1998, 871.
8. M. Stewart, R. S. Howell, L. Pires, and M. K. Hatalis, IEEE Trans. Electron
Devices, 48, 845 共2001兲.
9. T. Sasaoka, M. Sekiya, A. Yumoto, J. Yamada, T. Hirano, Y. Iwase, T. Yamada, T.
Ishibashi, T. Mori, M. Asano, S. Tamura, and T. Urabe, Society for Information
Displays Technical Digest, p. 384 共2001兲.
10. Z. G. Meng, H. Y. Chen, C. F. Qiu, H. S. Kwok, and M. Wong, Society for
Information Displays Technical Digest, p. 380 共2001兲.
11. K. Banerjee, S. J. Souri, P. Kapur, and K. C. Saraswat, Proc. IEEE, 89, 602
共2001兲.
12. S. W. Lee, Y. C. Jeon, and S. K. Joo, Appl. Phys. Lett., 66, 1671 共1995兲.
13. Z. G. Jin, G. A. Bhat, M. Yeung, H. S. Kwok, and M. Wong, J. Appl. Phys., 84, 194
共1998兲.
14. Z. G. Jin, K. Moulding, H. S. Kwok, and M. Wong, IEEE Trans. Electron Devices,
46, 78 共1999兲.
15. C. Hayzelden and J. L. Batstone, J. Appl. Phys., 73, 8279 共1992兲.
16. R. C. Cammarata, C. V. Thompson, C. Hayzelden, and K. N. Tu, J. Mater. Res., 5,
2133 共1990兲.

Downloaded on 2014-04-27 to IP 140.113.38.11 address. Redistribution subject to ECS terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).

