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1. Introduction 

Super lateral growth (SLG) method of Si films is very 
attractive due to its high mobility, because it can make 
large grain poly-Si films [1], [2]. 

In this paper, we introduce the newly developed carbon 
dioxide laser (CDL) assisted SLG crystallization to obtain 
higher mobility based on larger grain than the conventional 
SLG. 
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2. Concept of CDL assisted SLG crystallization 
The scheme of CDL assisted SLG crystallization is 

shown in Figure 1. A CDL (a wavelength of 10.6um) mod-
ule is added on to the XeCl excimer laser anneal system for 
SLG.  

The excimer laser is absorbed by an a-Si film; mean-
while, the CDL penetrates the a-Si film and is absorbed by 
a base coat layer. The base coat layer is heated with the 
CDL irradiation. On this heated condition, SLG crystalliza-
tion, that is the excimer laser irradiation through a mask slit, 
is occurred. Then the heat flow by the excimer laser irra-
diation to the substrate is prevented; thereby, the SLG 
crystal length is expanded compared with the conventional 
SLG crystallization. 
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Fig. 1  CDL assisted SLG crystallization. 
 
3. CDL assisted SLG crystallization (Single shot) 

The effect of the crystal length expansion by CDL as-
sistance was investigated. Sample structure was an a-Si 
film of 50nm thickness / a base coat layer of 100nm thick-
ness/ a glass substrate. 

CDL assisted SLG crystallization by single shot irradia-
tion of both excimer laser and CDL was demonstrated. 
Figure 2 shows the relationship between CDL energy and 
a lateral growth length (LGL). LGL becomes longer with 
increasing CDL energy and a crystal grain of about 6µm 

length was observed. 
Figure 3 shows a SEM image of a 6µm length grain af-

ter Secco-etching. Crystals have grown laterally from the 
both ends of a 12µm width slit, and they collide at the cen-
ter of the slit and form a “ridge”.  
 
 
 
 
 
 
 
 
 
 
 

Fig. 2  Relationship between CDL energy and LGL. 
 
 
 
 
 
 
 
 
 
 

Fig. 3  SEM image of CDL assisted SLG crystallized sample. 
 

4. Application to Sequential Lateral Solidification (SLS) 
The grain by CDL assisted SLG can be expanded by the 

Sequential Lateral Solidification (SLS) technique as a multi 
shot crystallization [3]. 

Figure 4 schematically illustrates the process of sequen-
tial growth by the SLS technique. The SLG grain by the 
first shot is succeeded in the second shot shifted from the 
first shot, and the crystal length is expanded by repeating 
this operation sequentially [4]. The ridge formed at the pre-
vious shot is eliminated at the following shot, as a result, 
only the last shot ridge remains and the region between two 
ridges is one unit of SLS crystal. The SLS length (L) 
(=ridge distance) is expressed in  
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Sample CSample A Sample B 

where, SP is a scan pitch (shift distance in each shot), N is 
the number of SLS shots, SW is a slit width and OL is a 
overlap with neighboring crystals. SW and SP is set as 
SW<2LGL and SP<LGL for LGL. Based on these view-
points, we can set up a larger SW and a longer SP in CDL 
assistance because of the longer LGL as described previ-
ously. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4  Schematical drawings of the SLS method. 
 

By using SLS technique, three types of SLS crystal 
samples were fabricated as shown in Table I. In sample C 
without the CDL assistance, a SLS length is 4.5µm. In sam-
ple A and B with the CDL assistance, a SLS length is 
8.3µm and 6.4µm respectively with enlargement of SW and 
SP. In sample B, OL is enlarged compared with sample A. 

 
Table I  Fabricating conditions of SLS samples 

Sample 
# 

CDL Slit 
width 

Scan 
pitch 

Overlap SLS 
length 

A ○ 4.0µm 0.9µm 1.1µm 8.3µm 
B ○ 4.0µm 0.9µm 3.0µm 6.4µm 
C x 2.0µm 0.5µm 0.5µm 4.5µm 

 
Figure 5 shows SEM images of those SLS samples. In 

sample A, the SLS length is the longest among sample A to 
C and its crystal grain width has spread along with the crys-
tal growth direction corresponding to long growth. In sam-
ple B with enlargement of OL, the small grain near the ini-
tial growth point can be eliminated, thus, the high homo-
geneous crystal is obtained. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  SEM images of SLS samples. 
 
5. Fabrication of TFT and characteristics 

The thin-film transistors (TFTs) were fabricated with 

the above SLS samples A to C. 
80 pieces of n-channel transistors and those of 

p-channel transistors were formed on a substrate measuring 
730mm x 920mm, separately for sample A to C. The chan-
nel length was 3.5µm, and the channel direction was set as 
parallel to the direction of crystal growth.  

Figure 6 shows the relation between the SLS length and 
the mobility. Figure 6(a) is the result from the n-channel 
transistors and (b) is the result from the p-channel transis-
tors. The uniformity of the mobility indicates as a coeffi-
cient variation (CV) at each sample. The average mobility 
and its uniformity improve with increasing SLS length by 
CDL assistance for both n-channel and p-channel transis-
tors. The average mobility of n-channel transistors in sam-
ple A is the highest in this experiment and it was about 
300cm2/Vs. It is considered that the frequency of channels 
crossing the ridge decrease with a large SLS length as 
shown in Figure 5. The mobility and uniformity of sample 
A with a long SLS length are higher than those of sample B 
with a homogeneous grain width. It is considered that the 
contribution of the SLS length is more significant than the 
homogeneity of grain widths for mobility. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6  TFT characteristics of SLS samples. 

 
6. Conclusions 

The following knowledge was acquired as a result of 
investigating the CDL assisted SLG method. 

(1) About a 6µm LGL was obtained even with a single 
shot crystallization. 

(2) The crystal grain by CDL assisted SLG could be ex-
panded by the SLS technique. The SLS length with 
CDL assistance was longer than without CDL assis-
tance. As a result, the mobility and the uniformity of 
TFTs were improved; the mobility of about 
300cm2/Vs was obtained in n-channel transistors. 
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