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Continuous-wave (CW) laser lateral crystallized silicon (Si) thin 
films were investigated. CW laser with a wavelength λ of 532 nm 
was applied to crystallization. In the CW laser lateral 
crystallization (CLC), a gradual temperature slope in Si thin films 
was formed and one-dimensionally long grains with a typical 
length of 20 µm were achieved. The most dominant grain growth 
direction was <110> direction. ∑3, 9, and 11 boundaries were 
mainly observed between adjacent grains. It was found that 
crystallization was performed to form stable grain boundaries. It 
was also clarified that CLC poly-Si thin films have large tensile 
strain corresponding to 0.6% of single crystalline Si lattice in in-
plane direction. This strain was induced by the difference in 
thermal expansion coefficients between Si thin films and the buffer 
SiO2 films.  
  

Introduction 
 

High performance polycrystalline silicon (poly-Si) thin film transistors (TFTs) with 
high carrier mobility are expected for system-on-glass application. Well crystallized 
poly-Si thin films with large grains are indispensable to achieve high carrier mobility. 
Mobility in poly-Si TFTs using conventional excimer laser annealing (ELA) is degraded 
by grain boundary scattering (1). To reduce grain boundary scattering, one-dimensionally 
long grains are needed. Various crystallization methods to form one-dimensionally long 
grains have been proposed, such as phase-modulated ELA (2), sequential lateral 
solidification (SLS) (3), and continuous-wave (CW) laser lateral crystallization (CLC) 
(4,5). It is thought that CLC is the most promising candidate to realize high performance 
TFTs with high carrier mobility because CLC can form the longest grains among them. 
For precise design of TFTs, the crystallinity should be clarified because carrier mobility 
greatly depends on surface orientation and channel direction (6). However, the 
crystallinity has not been clarified well. In addition, the strain in the CLC poly-Si films 
has not been clarified. It is well known that strain in the channel region can change 
carrier mobility because strain can modify the band structure and effective mass of Si (7). 
The strain in CLC poly-Si thin films also should been clarified. 

 
In this paper, crystallinity and internal strain of CLC poly-Si thin films were 

investigated. Mechanisms of crystal growth of one-dimensionally long Si grains and 
induction of internal strain in CLC poly-Si thin films were discussed. Especially, the 
internal strain value of the CLC poly-Si thin films were quantitatively evaluated. 
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Experiments 
 

Figure 1 shows a schematic diagram of the sample structure for the CLC experiments. 
A buffer SiO2 film with a thickness of 1 µm was deposited on a quartz substrate by 
plasma enhanced chemical vapor deposition (PECVD). An undoped amorphous Si (a-Si) 
film with a thickness of 150 nm was deposited by PECVD using SiH4 gas. After 
annealing in N2 ambient at 490°C for 20 min to reduce the hydrogen content in the a-Si 
thin films, the a-Si thin films were irradiated by diode pumped solid state (DPSS) CW 
laser with a wavelength λ of 532 nm as shown in Fig. 2. The laser spot shape was ellipse, 
and the intensity profile was Gaussian shape with dimensions of 90×20 µm2 (full width 
at half maximum, FWHM). Crystallinity and internal strain in CLC poly-Si thin films 
were investigated by electron back-scattering diffraction pattern (EBSP) measurement, 
X-ray diffraction (XRD) measurement, Raman spectroscopy, and transmission electron 
microscopy (TEM). 

 
 
 
 
 
 
 
 
 
 

Fig. 1. Schematic diagram of the sample 
structure for CLC experiments. 

 

 
 
 
 
 
 
Fig. 2. Schematic image of CW laser spot 
on Si thin film in CLC experiments. 

Results and Discussion 
 

Figure 3(a) shows dependences of the structure of CW laser annealed Si thin films on 
laser power and scanning speed. At the laser power of 10 W, lateral crystallization was  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. (a) Dependences of the structure of CW laser 
annealed Si thin films on laser power and scanning speed. 
(b)-(d) Optical microscope images of CLC poly-Si thin 
films crystallized at the scanning speed of 30, 37.5, and 
45 cm/s, respectively. Laser power was fixed at 10 W. 

Quartz substrate

Buffer SiO2: 1 µm
(PECVD)

a-Si: 150 nm
(PECVD, undoped)

a-SiCW laser annealed Si

Scanning direction

Laser spot
• Shape: Ellipse
• Profile: Gaussian
• Size (FWHM):

90×20 µm2

5

6

7

8

9

10

0 10 20 30 40 50
Scanning speed [cm/s]

La
se

r p
ow

er
 [W

]

Peeling
(Over exposure) CLC poly-Si

Small grains or
Microcrystal

(b) (d)(c)

(a)

100 µm

(b)

124 µm

(c)

100 µm100 µm

(d)

100 µm76 µm

273 µm

263 µm

246 µm

ECS Transactions, 16 (9) 145-151 (2008)

146
Downloaded 12 Nov 2010 to 131.112.248.61. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp



performed in the scanning speed range of from 25 to 50 cm/s. One-dimensionally long 
grains were formed in the center of CW laser annealed region. As increasing scanning 
speed with constant laser power, the CLC poly-Si region was decreased. Widths of CLC 
poly-Si region and total crystallized region formed by one scanning were shown in Fig. 
3(b)-(d). 
 
Crystallinity of CLC poly-Si thin films 

 
Figure 4 shows normalized peak intensity of each surface orientation in XRD in-plane 

measurements as a function of CLC area ratio. The peak intensities were normalized by 
XRD intensities of Si powder. CLC area ratio was defined by an area ratio between CLC 
poly-Si area and total crystallized area. CLC area ratio was altered by CW laser scanning 
speed as shown in Fig. 3(b)-(d). Only the (220) peak intensity increased as CLC area 
ratio increased. It was found that the most dominant crystal growth direction was <110> 
direction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Normalized peak intensity of each surface orientation in 
XRD in-plane measurements as a function of CLC area ratio. 

 
Figure 5 shows the EBSP measurement results for the CLC poly-Si thin film. Laser 

power and scanning speed were 10 W and 30 cm/s, respectively. Figure 5(a) shows 
surface orientation of each grain in the CLC poly-Si thin film. Surface orientation of each 
grain in the CLC poly-Si thin film was not uniform. The typical grain size was 20×2 
µm2. Because quartz substrates have low thermal conductivity, heat diffusion from Si 
thin films to quartz substrates was small, and a gradual temperature slope along the 
scanning direction was easily formed in the Si thin films. As a result, grains grew along 
CW laser scanning direction and one-dimensionally long grains were formed. Figure 5(b) 
shows grain boundaries in the CLC poly-Si thin film. ∑3, 9, and 11 boundaries were 
mainly observed between adjacent grains. 

 
Crystal growth of one-dimensionally long grains in Si thin films by CLC was 

summarized in Fig. 6. Figure 6(a) shows a cross-sectional schematic image of crystal 
growth parallel to the CW laser scanning direction. Grains grow along the laser scanning 
direction and the interface between Si grain and melting Si has a tendency to take grow 
along <110> direction. Figure 6(b) shows a cross-sectional schematic image of crystal 
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growth perpendicular to the CW laser scanning direction. It has been reported that ∑3, 9, 
and 11 boundaries along <110> direction axis are electrically inactive because they have 
small interfacial energy, bond-length and bond-angle distortions (8). It is thought that 
grains rotate around the <110> direction axis to make stable grain boundaries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. EBSP measurement results for the CLC poly-Si thin film. (a) and (b) show surface 
orientation of each grain and grain boundaries in the CLC poly-Si thin film, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig. 6. Cross-sectional schematic image of crystal growth of one-dimensionally long 
grains in a CLC poly-Si thin film. (a) and (b) are the images parallel and perpendicular to 
the laser scanning direction, respectively. 
 
Internal Strain of CLC poly-Si thin films 
 

Figure 7 shows Raman spectra of a CLC poly-Si thin film and a single crystal Si. The 
diameter of the laser spot in the Raman measurement was 5 µm. The FWHM of the 
Raman spectra of the CLC poly-Si thin film was almost same with that of the single 
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crystalline Si. But the peak position of the CLC poly-Si thin film was shifted by 4 cm-1 
lower than that of the single crystalline Si. This means that the CLC poly-Si thin film has 
tensile strain. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 7. Raman spectra of the CLC poly-Si thin film and single crystal Si. 
 
Figure 8 shows XRD spectra of the CLC poly-Si thin film for the comparison of out-

of-plane and in-plane crystallinity. All the peaks of the in-plane spectrum were shifted to 
lower angles than that of the out-of-plane spectrum. The lattice constants of the CLC 
poly-Si thin film in out-of-plane and in-plane direction calculated from Bragg law were 
5.42 and 5.46 Å, respectively. These values were differed from that of single crystal Si. 
The difference of lattice constant in in-plane direction of the CLC poly-Si thin film was 
0.6% corresponding to single crystal Si. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. XRD spectra of the CLC poly-Si thin film for 
the comparison of out-of-plane and in-plane crystallinity. 
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This strain is estimated easily by the following equation. 
 
                                               

                                                                                                                                           [1] 
                                                     
 
ξ is the strain value and (∆L/L) is the shrinkage value ratio, which is defined by ∆L = 
L(the melting point of Si) - L(room temperature). It is simply assumed that the thermal 
expansion coefficients of Si and SiO2 are constantly 2.6×10-6 and 0.5×10-6°C-1 (T=300 
K), respectively. The calculated value of strain was 0.29%, which is on the same order as 
that obtained by XRD measurements. Indeed, thermal expansion coefficients are changed 
by temperature. As temperature increases, the difference in the thermal expansion 
coefficients between Si and SiO2 is increases (9). Taking account of the temperature 
dependence of the thermal expansion coefficients, the difference between the calculated 
strain value and experimentally determined strain value becomes smaller. It is thought 
that the large tensile strain was induced by the large difference in thermal expansion 
coefficients between the Si thin film and the buffer SiO2 film. 
 

Figure 9 shows cross-sectional TEM images of the CLC poly-Si thin film. Although it 
seems that there is an interfacial layer between the CLC poly-Si thin film and the buffer 
SiO2 film, there was not an interfacial layer as shown in Fig. 9(b). This means that large 
strain existed around the interface. This result supports the assumption that the strain was 
induced by the difference in the thermal expansion coefficients between the Si thin film 
and the buffer SiO2 film. White and black regions were observed in a single grain. This 
result shows that the strain was not uniform in a grain. It was found that the strain in CLC 
poly-Si thin films was not uniform locally, although the XRD and Raman spectra show 
that strain was uniform macroscopically. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Cross-sectional TEM images of the CLC poly-Si thin films. 
(b) is an expansion of the interface between the CLC poly-Si thin 
film and the buffer SiO2 film in (a). 
 

2SiOSi L
L

L
L

⎟
⎠
⎞

⎜
⎝
⎛ ∆−⎟

⎠
⎞

⎜
⎝
⎛ ∆=ξ

100 nm

(a)

(b)

CLC poly-Si

Buffer SiO2

ECS Transactions, 16 (9) 145-151 (2008)

150
Downloaded 12 Nov 2010 to 131.112.248.61. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp



Conclusion 
 

Crystallinity and internal strain of one-dimensionally long Si grains by CLC was 
investigated. In the CLC, Si grains with an average size of 20×2 µm2 grew along the 
laser scanning direction. It has been found that crystal growth of one-dimensionally long 
Si grains by CLC is performed to make stable grain boundaries. It has been also clarified 
that 0.6% tensile strain exists in the CLC poly-Si thin films due to the large difference in 
thermal expansion coefficients between Si thin films and the buffer SiO2 films. 
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