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A polysilicon thin film fabrication method is provided, in 
which a heat-absorbing layer is used to provide sufficient 
heat for grain growth of an amorphous silicon thin film, and 
an insulating layer is used to isolate the heat-absorbing layer 
and the amorphous silicon thin film. A regular heat-conduct 
ing layer is used as a cooling source to control the crystal 
lization position and grain size of the amorphous silicon thin 

11/231854 film. Therefore, the amorphous silicon thin film can crys 
tallize into a uniform polysilicon thin film, and the electrical 
characteristics of the polysilicon thin film can be stably 
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POLYSILICON THIN FILMI FABRICATION 
METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a polysilicon thin 
film fabrication method and, more particularly, to a poly 
silicon thin film fabrication method capable of enhancing the 
uniformity of grain. 
0003 2. Description of Related Art 
0004) The low temperature poly Si (LTPS) thin film 
transistor (TFT) technology will be used in future active 
matrix LCDs and OLEDs. Although today’s LTPS TFTs 
have good electrical properties, they have the problem of 
nonuniform characteristics. In order to improve the nonuni 
form situation of polysilicon thin film between channels, it 
is necessary to control the size and distributed distance of 
polysilicon grains. 

0005. In 2000, Seoul University of South Korea has 
proposed a polysilicon thin film fabrication method, in 
which the high reflectivity of aluminum is used as a metallic 
cooling source for sideward growth. As shown in FIGS. 
1A-1C, an amorphous silicon thin film 11 of a thickness of 
80 nm is first coated on an oxide substrate 10. Next, n+ ions 
are implanted with a photoresist 12 as the mask (FIG. 1A). 
An aluminum layer 13 of a thickness of 2000 A (having a 
reflectivity of 95% at the wavelength of 308 nm) is coated 
on the implanted region, and the photoresist 12 is then 
removed. Because the aluminum layer 13 has a high reflec 
tivity and a good heat conductivity, the aluminum layer 13 
will become a cooling source after excimer laser annealing. 
The melt amorphous silicon thin film 11 will crystallize 
outwards from this cooling source until touching adjacent 
grains (FIGS. 1B and 1C). 
0006. The above method can effectively control the 
growth of grain in one dimension, but cannot accurately 
control the growth of grain in two or three dimensions, 
hence being not able to accomplish uniform grain size. In 
other words, the above method cannot control the grain size 
to achieve uniformity of device. 
0007. In 2002, Seoul University of South Korea made use 
of the principle that it is more difficult for air to conduct heat 
than substrate to fabricate TFTs by means of sideward 
growth of poly Si. As shown in FIG. 2, a metal sacrifice layer 
of a thickness of 50 nm is first coated on a substrate 20. Next, 
an oxide 21 of a thickness of 100 nm is deposited at 390° C. 
using the plasma enhanced chemical vapor deposition 
(PECVD). An amorphous silicon thin film 22 of a thickness 
of 80 nm is then deposited at 280° C. Subsequently, dehy 
drogenation is performed for 3 hrs to avoid hydrogen 
explosion during excimer laser annealing. A thin oxide 23 is 
then deposited to avoid crack of a floating amorphous silicon 
layer due to laser annealing. Finally, the metal sacrifice layer 
is removed by etching to expose an air gap 24, and excimer 
laser annealing is performed. Because it is more difficult for 
air to conduct heat than the substrate 20, the substrate 20 will 
most of the heat to form a cooling source. The melt Si will 
crystallize inwards along the air gap 24 from the cooling 
SOUC. 

0008. The grain grown by using the above method still 
extends in one dimension instead of two or three dimensions 
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required for the requirement of uniformity. Moreover, dif 
ferent material stresses between thin films may arise during 
excimer laser annealing due to different thermal expansion 
coefficients between thin films above the air gap. Further 
more, because the bottoms of thin films are hollow, crack of 
thin films may easily occur to affect the stability of the 
fabrication process. 
0009. In 2004, the applicant has propose a method mak 
ing use of silicon oxynitride (SiON) as a heat-absorbing 
layer to increase the crystallization size of melt Si. As shown 
in FIGS. 3A-3D, a SiON heat-absorbing layer 31 is first 
grown on a substrate 30 (FIG. 3A). Next, an oxide of a 
thickness of 10 nm is used as an insulating layer 32 to block 
the influence of the heat-absorbing layer 31 to nucleation of 
an amorphous silicon thin film thereon during recrystalliza 
tion. After laser annealing, the heat-absorbing layer 31 will 
absorb a certain amount of heat to enhance its own tem 
perature. Under the effect of high temperature of this layer, 
small grain crystallization of melt Si can be slowed down to 
enhance the growth of large grains. Subsequently, a bar 
shaped amorphous silicon layer 33 is deposited on the 
insulating layer 32 (FIG. 3B). After excimer laser annealing, 
the amorphous silicon layer will become a polysilicon layer 
34. An amorphous silicon layer 35 of a thickness of 50 nm 
is then deposited. After a excimer second laser annealing, 
the amorphous silicon layer 35 will crystallize into a poly 
silicon layer 36 with large grains through the induction of 
the bar-shaped polysilicon layer 34 and the function of the 
bottom heat-absorbing layer 31. Although the grain size can 
reach as high as 10 Jum, the uniformity of grain in another 
direction cannot be controlled. 

SUMMARY OF THE INVENTION 

0010. An object of the present invention is to provide a 
polysilicon thin film fabrication method, in which a regular 
heat-conducting layer is used as a cooling source to lead an 
amorphous silicon thin film to crystallize into a uniform 
polysilicon thin film, thereby solving the drawbacks in the 
prior art. 
0011) Another object of the present invention is to pro 
vide a polysilicon thin film fabrication method, whereby the 
crystallization of polysilicon thin film can be controlled to 
achieve uniform electrical properties, thereby improving the 
electrical characteristics of TFTs. 

0012 To achieve the above objects, the present invention 
proposes a polysilicon thin film fabrication method com 
prising the steps of providing a Substrate; depositing a 
heat-absorbing layer on the Substrate; depositing an insulat 
ing layer on the heat-absorbing layer to block the influence 
of the heat-absorbing layer to nucleation of Si atoms: 
depositing an amorphous silicon thin film on the insulating 
layer, depositing a regular heat-conducting layer as a cool 
ing source on the amorphous silicon thin film; and perform 
ing an annealing process to let the amorphous silicon thin 
film crystallize with the heat-conducting layer as the center 
and grow outwards to form a uniform polysilicon thin film 
with regularly arranged grains. Next, the heat-conducting 
layer can be removed without affecting the electrical prop 
erties of the polysilicon thin film. The numbers of grain and 
grain boundary in the polysilicon thin film channel of the 
TFT can thus be effectively controlled, and the electrical 
characteristics of TFTs can also be stably controlled, thereby 
improving the device uniformity of the whole drive circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The various objects and advantages of the present 
invention will be more readily understood from the follow 
ing detailed description when read in conjunction with the 
appended drawing, in which: 
0014 FIGS. 1A-1C show a polysilicon thin film fabrica 
tion process flow in the prior art; 
0.015 FIG. 2 is a structure diagram of a polysilicon thin 
film in the prior art; 
0016 FIGS. 3A-3D show another polysilicon thin film 
fabrication process flow in the prior art; 
0017 FIG. 4 is a flowchart of a polysilicon thin film 
fabrication method of the present invention; 
0018 FIGS. 5A-5H are cross-sectional views of the pro 
cess flow of the polysilicon thin film fabrication method of 
the present invention; and 
0019 FIGS. 6A-6C are top views of the process flow of 
the polysilicon thin film fabrication method of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0020. As shown in FIG. 4, the present invention provides 
a polysilicon thin film fabrication method, which comprises 
the following steps. 
0021 First, a substrate is provided (Step S100). The 
Substrate is a glass Substrate, an insulator Substrate, or a 
semiconductor Substrate. Next, a heat-absorbing layer is 
formed on the substrate (Step S200). An insulating layer is 
then formed on the heat-absorbing layer (Step S300). Sub 
sequently, an amorphous silicon thin film is formed on the 
insulating layer (Step S400). A regular heat-conducting layer 
is formed on the amorphous silicon thin film (Step S500). 
Finally, An annealing process is performed to let the amor 
phous silicon thin film crystallize with the heat-conducting 
layer as the center and grow outwards to form a uniform 
polysilicon thin film. 
0022. The present invention will be exemplified below 
with reference to FIGS. 5A-5H and FIGS. 6A-6C. The 
polysilicon thin film fabrication method of the present 
invention comprises the following steps. 
0023. As shown in FIG. 5A, a glass substrate 40 is first 
provided. 

0024. As shown in FIG. 5B, a silicon oxynitride (SiON) 
heat-absorbing layer 41 of a thickness of 500 nm is depos 
ited on the glass substrate 40 at 250° C. by means of 
PECVD. 

0025) Next, as shown in FIG. 5C, a silicon oxide (SiOx) 
of a thickness of 10 nm as an insulating layer 42 is deposited 
at 250° C. by means of PECVD to block the influence of the 
SiON heat-absorbing layer 41 to nucleation of melt Si. 
0026. As shown in FIG. 5D, an amorphous silicon thin 
film 43 of a thickness of 50 nm is deposited on the insulating 
layer 42 at 250° C. by means of PECVD. 
0027. As shown in FIGS. 5E and 6A, a regular aluminum 
heat-conducting layer 44 of a thickness of 300 nm is 
evaporated onto the amorphous silicon thin film 43. 
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0028 Subsequently, as shown in FIGS. 5F and 6B, an 
excimer laser is used to illuminate the amorphous silicon 
thin film 43 to form a polysilicon thin film 45. Meanwhile, 
the amorphous silicon thin film 43 will crystallize radially 
and outwards with the heat-conducting layer 44 as a cooling 
center. The distances between grains will be uniform due to 
regular arrangement to form the uniform polysilicon thin 
film 45, as shown in FIG. 6C. Although this embodiment 
adopts the excimer laser annealing (ELA) for annealing of 
amorphous silicon, it is also feasible to adopt a furnace 
annealing process. 
0029 Finally, as shown in FIG.5G, the heat-conducting 
layer 44 can be removed to apply to TFT. 
0030 Besides, as shown in FIG. 5H, after the heat 
conducting layer 44 is removed, several times of annealing 
can be performed to improve the influence of hillock of grain 
boundary of the polysilicon thin film 45 so as to lead the 
amorphous silicon thin film 43 covered by the heat-conduct 
ing layer 44 to crystallize inwards. Of course, the annealing 
can be the excimer laser annealing or the furnace annealing. 
0031. In practice, the heat-absorbing layer 41 in this 
embodiment can be made of other materials having a 
heat-absorbing function. Similarly, the insulating layer 42 
can be made of other materials having an insulating func 
tion. The heat-conducting layer 44 can be made of metals or 
other materials having a good heat conductivity and a good 
reflectivity. Moreover, the arrangement of the materials 
having a good heat conductivity and a good reflectivity can 
be regular or irregular. 
0032. In this embodiment, an aluminum layer with a 
regular arrangement as photonic crystals is formed on the 
amorphous silicon thin film to control the crystallization 
position and grain size of melt Si. With also the use of the 
bottom heat-absorbing layer, grains will get Sufficient heat 
during growth to slow down the formation of Small grains 
and enhance the crystallization of large grains, thereby 
forming controllable polysilicon TFTs with uniform electri 
cal characteristics. Besides, the metal can finally be removed 
without affecting the characteristics of TFT circuits fabri 
cated thereon. Grain sizes and the number of grainboundary 
in polysilicon TFT channels can thus be controlled to 
stabilize the electrical characteristics of TFTs and improve 
the device uniformity of the whole drive circuit. 
0033. The polysilicon thin film fabrication method of the 
present invention makes use of regular photonic crystal 
arrays of the heat-conducting layer to lead the amorphous 
silicon to crystallize into the polysilicon thin film with 
uniform grain sizes. The fabricated polysilicon thin films can 
apply to TFT-LCDs or active matrix OLEDs. 
0034. The present invention can further effectively con 
trol the grain size and the number of grain boundary in 
channels of TFTs to improve uniformity of electrical char 
acteristics between polysilicon transistors, thereby expand 
ing the application range of LTPS. For example, when 
applied to active matrix drive devices, the phenomena of 
unstable current and uncontrollable current won’t occur 
through the above way of grain control. 
0035) Moreover, the grain size of the fabricated polysili 
conthin film in the present invention can be as large as 2 um. 
Therefore, the device uniformity of polysilicon drive circuits 
used in LCDs and OLEDs can be greatly enhanced. 
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0036) Although the present invention has been described 
with reference to the preferred embodiment thereof, it will 
be understood that the invention is not limited to the details 
thereof. Various substitutions and modifications have been 
Suggested in the foregoing description, and other will occur 
to those of ordinary skill in the art. Therefore, all such 
substitutions and modifications are intended to be embraced 
within the scope of the invention as defined in the appended 
claims. 

I claim: 
1. A polysilicon thin film fabrication method comprising 

the steps of: 
providing a Substrate; 
forming a heat-absorbing layer on said Substrate; 
forming an insulating layer on said heat-absorbing layer; 
forming an amorphous silicon thin film on said insulating 

layer; 
forming a regular heat-conducting layer on said amor 

phous silicon thin film; and 
performing an annealing process to let said amorphous 

silicon thin film crystallize with said heat-conducting 
layer as the center and grow outwards to form a 
uniform polysilicon thin film. 

2. The polysilicon thin film fabrication method as claimed 
in claim 1, wherein said Substrate is a glass Substrate, an 
insulating substrate, or a semiconductor substrate. 
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3. The polysilicon thin film fabrication method as claimed 
in claim 1, wherein said heat-absorbing layer is a SiON 
layer. 

4. The polysilicon thin film fabrication method as claimed 
in claim 1, wherein said insulating layer is a SiOX layer. 

5. The polysilicon thin film fabrication method as claimed 
in claim 1, wherein said heat-conducting layer is a metal 
layer. 

6. The polysilicon thin film fabrication method as claimed 
in claim 1, wherein said annealing process is an excimer 
layer annealing or a furnace annealing. 

7. The polysilicon thin film fabrication method as claimed 
in claim 1 further comprising a step of removing said 
heat-conducting layer after said step of forming said poly 
silicon thin film. 

8. The polysilicon thin film fabrication method as claimed 
in claim 7 further comprising an annealing step to improve 
hillock of grain of said polysilicon thin film So as to lead said 
amorphous silicon thin film covered by said heat-conducting 
layer to crystallize into said polysilicon thin film after said 
step of removing said heat-conducting layer. 

9. The polysilicon thin film fabrication method as claimed 
in claim 8, wherein said annealing process is an excimer 
laser annealing or a furnace annealing. 


