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(54) RECRYSTALLIZATION METHOD OF (57) ABSTRACT 
POLYSILICON FILM IN THIN FILM 

TRANSISTOR The present invention proposes a crystallization method of 
. the 01 -Si thin ?lm in a thin ?lm transistor. A substrate 

(76) Inventors: crifeng’ Hslcrlfhugvw); haviI?g in insulator layer is provided. An amorphous silicon 
Li_‘lIIilIgl-g (illenlg’ C3232; ((TW))’ layer or a micro-crystalline silicon layer having tWo thick 

’ ness is ?rst formed on the insulator layer. The region of 

Correspondence Address: thinner is de?ned as the channel region of the TFT, While the 
ROSENBERG’ KLEIN & LEE region of thicker can be de?ned as the source/drain regions 
3458 ELLICOTT CENTER DRIVE_SUITE 101 of the TFT. Next, an eXcimer laser is used for crystallization. 
ELLICOTT CITY’ MD 21043 (Us) During the eXcimer laser irradiation, the amorphous silicon 

layer of thinner is completely melted, and the amorphous 
(21) APPL NO; 09/781,431 silicon layer of thicker is partially melted. The partially 

melted amorphous silicon layer is used as crystallization 
(22) Filed; Feb 13, 2001 seeds. Through formation of the temperature gradient 

betWeen the completely melted amorphous silicon layer and 
Publication Classi?cation the partially melted amorphous silicon layer, longitudinal 

groWth of silicon grains in the completely melted region Will 
(51) Int. Cl.7 ......................... .. H01L 21/00; H01L 21/84 be performed to groW a poly-Si layer having good homo 
(52) US. Cl. ......................... .. 438/166; 438/308; 438/487 geneity and large grains. 
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RECRYSTALLIZATION METHOD OF 
POLYSILICON FILM IN THIN FILM TRANSISTOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to a fabrication 
method of thin ?lm transistor liquid crystal display (TFT 
LCD) and, more particularly, to a crystalliZation method of 
polysilicon (poly-Si) ?lm in thin ?lm transistors. 

BACKGROUND OF THE INVENTION 

[0002] General active-matrix LCDs can be divided into 
tWo types according to adopted material: one is poly-Si TFT 
type, and the other is amorphous silicon TFT type, Wherein 
the poly-Si TFT type can provide higher reliability and 
reduce the cost because it can be integrated With driving 
circuits. Nonetheless, the main reason Why the poly-Si TFT 
technology is highly commended is that the device siZe can 
be greatly reduced to achieve high resolution. In general, to 
massively product poly-Si TFT-LCDs With loW-temperature 
(about 450~550° C.) fabrication technique, there are several 
essentials: loW-temperature formation of high-quality poly 
Si thin ?lm and gate-insulator, large-area ion doping and 
activation technique, and hydrogenation technique. 

[0003] For the formation of poly-Si thin ?lm in a TFT 
LCD, loW temperature technique is adopted for thin ?lm 
groWth in consideration of price of glass substrate. There 
fore, solid phase crystalliZation (SPC) is ?rst introduced. 
HoWever, its process temperature is still too high. The 
process temperature is about 600° C. and the crystallization 
quality is not good. Hence, eXcimer lasers are applied to the 
above loW-temperature process of thin ?lm crystalliZation. 
Generally speaking, because there is no speci?c crystalliZa 
tion direction for amorphous Si, very ?at surface of amor 
phous silicon thin ?lm can be deposited. Therefore, a layer 
of amorphous silicon thin ?lm is ?rst deposited and then 
crystalliZed into a poly-Si thin ?lm using SPC or eXcimer 
lasers for fabricating poly-Si thin ?lm transistors. 

[0004] FIGS. 1 and 2 shoW a prior art fabrication ?oW 
chart of poly-Si thin ?lm using eXcimer laser crystalliZation 
in a poly-Si TFT. 

[0005] Firstly, please refer to FIG. 1, a substrate 100 
having an insulator layer 102 thereon is provided. A ?at 
amorphous silicon layer 104 is then formed on the insulator 
layer 102 by means of loW-pressure chemical vapor depo 
sition (LPCVD), plasma-enhanced chemical vapor deposi 
tion (PECVD), or sputtering. 

[0006] Please refer to FIG. 2, after the amorphous silicon 
layer 104 is deposited, an eXcimer laser 108 of suf?cient 
energy is used to crystalliZe amorphous silicon layer 104 to 
polycrystalline silicon. For acquiring large grain amorphous 
silicon layer 104 is almost completely melted. Some non 
melted amorphous silicon particles Will remain at the inter 
face betWeen the amorphous silicon layer 104 and the 
insulator layer 102. NeXt, the melted amorphous silicon 
layer 104 Will crystalliZe into a poly-Si layer 106 using the 
non-melted amorphous silicon particles as crystalliZation 
seeds. This poly-Si layer 106 is used as the source/drain 
region and channel region of the TFT. 

[0007] In prior art, during the loW-temperature crystalli 
Zation procedure of amorphous silicon layer using an eXci 
mer laser, the energy density of the eXcimer laser must be 
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carefully considered to let the amorphous silicon layer be 
almost completely melted While keeping the ?atness of its 
surface. When the amorphous silicon layer is almost com 
pletely melted, some non-melted amorphous silicon par 
ticles Will remain at the interface betWeen the amorphous 
silicon layer and the insulator layer. The melted amorphous 
silicon layer Will crystalliZe into a poly-Si layer using the 
non-melted amorphous silicon particles as discrete seeds. 
HoWever, because the eXcimer layer is a kind of pulse laser, 
there Will eXist slight difference in energy density for each 
laser pulse. Because it is difficult to control the energy 
density of the eXcimer laser, if the energy density of the 
eXcimer laser is slightly larger than the ideal value, total 
melting of the amorphous silicon layer Will easily arise, 
resulting in disappearance of discrete seeds Which the crys 
talliZation process relies on. Therefore, grain groWth Will be 
homogeneous so that the groWn grain is small and the 
homogeneity is bad, as shoWn in FIG. 13. 

[0008] Contrarily, if the energy density of the eXcimer 
laser is slightly smaller than the ideal value, part of the 
amorphous silicon layer Will not be melted, and the crys 
talliZing grain Will groW vertically using the non-melted 
amorphous silicon layer as the basis, resulting in the same 
draWbacks of small grain and bad homogeneity. 

[0009] In prior art, during the crystalliZation procedure of 
poly-Si layer, the energy density of the eXcimer laser must 
be eXactly controlled to let the amorphous silicon layer be 
almost completely melted and to keep some non-melted 
amorphous silicon particles remained as discrete seeds for 
crystalliZation. Thereby, better effect of crystalliZation can 
be obtained. HoWever, because the eXcimer layer is a kind of 
pulse laser, there Will eXist slight difference in energy 
density for each laser pulse. Because it is dif?cult to control 
the energy density of the eXcimer laser, the process WindoW 
Will become very small. 

[0010] The present invention aims to propose a method of 
using an eXcimer laser to let an amorphous silicon layer 
having different thickness crystalliZe into a poly-Si layer so 
that the above draWbacks of prior art can be overcome. 

SUMMARY OF THE INVENTION 

[0011] The present invention proposes a crystalliZation 
method of poly-Si thin ?lm in the TFT. The proposed 
method is brie?y described beloW. 

[0012] A substrate having an insulator layer is provided. A 
layer of amorphous silicon having tWo thickness is ?rst 
formed on the insulator layer. The region of thinner is 
de?ned as the channel region of the TFT, While the region of 
thicker can be de?ned as the source/drain regions of the TFT. 
Next, an eXcimer laser is used for crystalliZation. During the 
eXcimer laser irradiation, the amorphous silicon layer of 
thinner is completely melted, and the amorphous- silicon 
layer of thicker is partially melted. The partially melted 
amorphous silicon layer is used as crystalliZation seeds. 
Through formation of the temperature gradient betWeen the 
completely melted amorphous silicon layer and the partially 
melted amorphous silicon layer, longitudinal groWth of 
silicon grains in the completely melted region Will be 
performed to groW a poly-Si layer having good homogeneity 
and large grains, 

[0013] The various objects and advantages of the present 
invention Will be more readily understood from the folloW 
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ing detailed description When read in conjunction With the 
appended drawings, in Which: 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIGS. 1 and 2 show a prior art fabrication ?oW 
chart of poly-Si thin ?lm in a poly-Si TFT; 

[0015] FIGS. 3 to 7 shoW a fabrication ?oWchart of 
poly-Si thin ?lm served as channel region in a poly-Si TFT 
according to a preferred embodiment of the present inven 
tion; 
[0016] FIG. 8 is a diagram shoWing the distribution of the 
temperature gradient betWeen the non-melted amorphous 
silicon part and the completely melted part of the amorphous 
silicon region of thinner according to a preferred embodi 
ment of the present invention; 

[0017] FIG. 9 is a diagram shoWing the transfer charac 
teristics of poly-Si TFTs fabricated by the prior art and the 
present invention under different voltages; 

[0018] FIG. 10 is a diagram shoWing that different leakage 
currents of recrystallized ?lm using the eXcimer laser of 
different energy densities for recrystalliZation Will be 
obtained according to a preferred embodiment of the present 
invention; 
[0019] FIG. 11 is a scanning electron microscopy (SEM) 
diagram shoWing the groWth direction of grain crystalliZa 
tion can be controlled by the present invention; 

[0020] FIG. 12 is an SEM diagram showing high homo 
geneity of groWth of grain crystalliZation can be obtained by 
the present invention; and 

[0021] FIG. 13 is an SEM diagram shoWing bad homo 
geneity of groWth of grain crystalliZaton is obtained by the 
conventional method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] Please refer to FIGS. 3 to 7, Which shoW a fabri 
cation ?oWchart of poly-Si thin ?lm served as channel 
region in a poly-Si TFT according to a preferred embodi 
ment of the present invention. 

[0023] Poly-Si TFTs can generally be divided into tWo 
types according to relative positions of their gate and 
source/drain regions: bottom gate poly-Si TFTs and top gate 
poly-Si TFTs. Generally speaking, the top gate poly-Si TFTs 
are more common structure. The present invention Will be 
illustrated by means of this top gate structure. 

[0024] Please refer to FIG. 3. Firstly, a substrate 200 such 
as a silicon Wafer, a glass substrate, or a plastic substrate is 
provided. An insulator layer 202 is formed on the substrate 
200. The insulator layer 202 can be formed by depositing a 
silicon oXide layer on the substrate 200 by means of 
LPCVD, PECVD, or sputtering. An amorphous silicon layer 
204 is then formed on the insulator layer 202 by means of 
LPCVD, PECVD, or sputtering. The formed thickness is 
Within the range of 20 nm to 2000 nm. 

[0025] Please then refer to FIGS. 4 and 5. After the 
amorphous silicon layer 204 is deposited, part region thereof 
is removed to form a region 205 of thinner and a region 206 
of thicker. There are tWo Ways of forming regions of 
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different thickness. One Way is shoWn in FIG. 4. Part region 
of the amorphous silicon layer 204 is removed to eXpose the 
insulator layer 202 by means of etching so as to form an 
opening 207. A second amorphous silicon layer 208 is then 
formed to cover over the opening 207 and the amorphous 
silicon layer 204. Thereby, the amorphous silicon layer 204 
and the second amorphous silicon layer 208 Will form a 
region 205 of thinner and a region 206 of thicker. The other 
Way is shoWn in FIG. 5. Part region of the amorphous 
silicon layer 204 is removed by means of etching While not 
eXposing the insulator layer 202 thereunder so as to form an 
opening 207‘ in the amorphous silicon layer 204. Thereby, 
the amorphous silicon layer 204 Will form a region 205 of 
thinner and a region 206 of thicker. 

[0026] The amorphous silicon region 205 of thinner and 
the amorphous silicon region 206 of thicker formed in 
FIGS. 4 and 5 are subsequently crystalliZed into poly-Si so 
that they can be respectively used as the channel region 205‘ 
and the source/drain regions 206‘ of a TFT, as shoWn in FIG. 
7. 

[0027] Please neXt refer to FIGS. 6 and 11. An eXcimer 
laser 108 is irradiated on the amorphous silicon layer so that 
the amorphous silicon region 205 of thinner is completely 
melted, and the amorphous silicon region 206 of thicker is 
partially melted. The non-melted amorphous silicon can be 
used as crystalliZation seeds in the crystalliZation procedure. 
Thereby, the completely melted amorphous silicon region 
205 of thinner Will crystalliZe longitudinally into a poly-Si 
layer 210 (shoWn in FIG. 7). As can be seen from the SEM 
diagram in FIG. 11, the groWth direction of silicon grains is 
longitudinal. 
[0028] Please refer to FIG. 7. The formed poly-Si layer 
210 after crystalliZation similarly has a region of thinner and 
a region of thicker. The region of thinner is used as the 
channel region 205‘, and the region of thicker is used as the 
source/drain regions 206‘. Subsequently, an insulator layer 
212 is formed on the channel region 205‘, and a gate 
conductive layer 214 is then formed on the insulator layer 
212. NeXt, a dielectric layer 216 is formed to cover over the 
Whole device. Finally, a source/drain (S/D) contact is 
formed, thereby completing the fabrication of a TFT. 

[0029] Please refer to FIGS. 8 and 12. Because only part 
of the amorphous silicon region 206 of thicker is melted, the 
non-melted amorphous silicon part has a loWer temperature 
With respect to the melted amorphous silicon region 205 of 
thinner. Because there is a temperature difference betWeen 
them, there eXists a distribution of temperature gradient, as 
shoWn in FIG. 8. Through the help of this distribution of 
temperature gradient and the above longitudinal crystalliZa 
tion procedure, silicon grains having higher homogeneity 
and larger grains can be formed. Therefore, the character 
istics of the TFT can be enhanced. 

[0030] Please refer to FIGS. 9 and 10. There eXist dif 
ferences betWeen the characteristics of poly-Si ?lms fabri 
cated by the prior art and the present invention. For instance, 
the present invention can increase the mobility of carriers 
and reduce the leakage currents. The four curves in FIG. 9 
represent the transfer characteristics of poly-Si TFTs under 
different voltages fabricated by the prior art and the present 
invention, respectively. As can be obviously seen from FIG. 
9, the present invention has better transfer characteristics. 
The lines shoWn in FIG. 10 represent different leakage 



US 2002/0110964 A1 

currents of poly-Si TFTs using the eXcimer laser 108 of 
different energy densities for crystallization, respectively. As 
can be known from the trend of the lines, the larger the 
energy density of the eXcimer laser 108 is used, the smaller 
the leakage current Will appear. However, the prerequisite of 
energy density of the eXcimer laser is that the region 206 of 
thicker cannot be completely melted, and the ablation cannot 
happen at the region 205 of thinner. If the energy density of 
the eXcimer laser is too high, the ?lm Will ablate accordingly. 
If the non-melted thickness of the region 206 of thicker is 
larger, the temperature gradient Will be larger. HoWever, it is 
undesirable to have a too thick region 206 of thicker in 
consideration of other process factors. 

[0031] Therefore, the present invention is characteriZed in 
that an amorphous silicon layer of different thickness is 
provided. This amorphous silicon layer is then melted using 
an eXcimer laser, and the groWth direction of poly-Si grains 
is controlled through this structure of different thickness. 

[0032] The present invention is also characteriZed in that 
the temperature gradient resulted from the temperature dif 
ference betWeen the melted amorphous silicon layer and the 
non-melted amorphous silicon layer is exploited to increase 
the siZe of the groWn grains. 

[0033] The present invention uses an amorphous silicon 
layer of tWo thickness to increase the process WindoW and 
homogeneity of the crystalliZation process using an eXcimer 
laser. 

[0034] In the above embodiments of the present invention, 
crystalliZation of the amorphous silicon layer into a poly-Si 
layer is described for illustration. HoWever, the ?lm material 
of the present invention is not limited to silicon. The present 
invention can also be applied to the crystalliZation process of 
other materials. 

[0035] Although the above embodiments of the present 
invention are applied to the fabrication of TFTs, the present 
invention can also be applied to TFT-LCD, active-matrix 
organic light-emitting diodes (OLEDs), static random access 
memories (SRAM), three-dimensional integrated circuits 
(3-D ICs), sensors, printers, and light valves. 

[0036] Although the present invention has been described 
With reference to the preferred embodiments thereof, it Will 
be understood that the invention is not limited to the details 
thereof. Various substitutions and modi?cations have been 
suggested in the foregoing description, and other Will occur 
to those of ordinary skill in the art. Therefore, all such 
substitutions and modi?cations are intended to be embraced 
Within the scope of the invention as de?ned in the appended 
claims. 

I claim: 

1. A crystalliZation method of the poly-Si thin ?lm in a 
thin ?lm transistor, comprising at least the steps of: 

providing a substrate; 

forming an insulator layer on said substrate; 

forming an amorphous silicon layer having a ?rst thick 
ness and a second thickness, said second thickness 
being larger than said ?rst thickness; 
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using an eXcimer laser to completely melt said amorphous 
silicon layer having said ?rst thickness and to partially 
melt said amorphous silicon layer having said second 
thickness; and 

performing the crystalliZation procedure to form a poly-Si 
thin ?lm using said partially melted amorphous silicon 
layer as crystalliZation seeds. 

2. The crystalliZation method of the poly-Si thin ?lm in a 
thin ?lm transistor as claimed in claim 1, Wherein said step 
of forming said amorphous silicon layer having said ?rst 
thickness and said second thickness comprises at least the 
steps of: 

forming a ?rst amorphous silicon layer having a third 
thickness; 

removing said ?rst amorphous silicon layer to eXpose said 
insulator layer so as to form an opening; and 

forming a second amorphous silicon layer having said 
?rst thickness on said opening and said amorphous 
silicon layer. 

3. The crystalliZation method of the poly-Si thin ?lm in a 
thin ?lm transistor as claimed in claim 1, Wherein said step 
of forming said amorphous silicon layer having said ?rst 
thickness and said second thickness comprises at least the 
steps of: 

forming an amorphous silicon layer having said second 
thickness; and 

de?ning the position of an opening on said amorphous 
silicon layer and removing a depth of said amorphous 
silicon layer commensurately to said third thickness so 
as to form and opening. 

4. The crystalliZation method of the poly-Si thin ?lm in a 
thin ?lm transistor as claimed in claim 2, Wherein said 
second thickness equals to said ?rst thickness plus said third 
thickness. 

5. The crystalliZation method of the poly-Si thin ?lm in a 
thin ?lm transistor as claimed in claim 1, Wherein said 
amorphous silicon layer having said ?rst thickness is the 
channel region of the thin ?lm transistor. 

6. The crystalliZation method of the poly-Si thin ?lm in a 
thin ?lm transistor as claimed in claim 1, Wherein said 
amorphous silicon layer having said second thickness is the 
source/drain regions of the thin ?lm transistor. 

7. The crystalliZation method of the poly-Si thin ?lm in a 
thin ?lm transistor as claimed in claim 1, Wherein a tem 
perature gradient eXists betWeen said amorphous silicon 
layer having said ?rst thickness and said amorphous silicon 
layer having said third thickness. 

8. A fabrication method of poly-Si thin ?lm, comprising 
at least the steps of: 

providing a substrate; 

forming an insulator layer on said substrate; 

forming an amorphous silicon layer having a ?rst thick 
ness and a second thickness, said second thickness 
being larger than said ?rst thickness; 

using an eXcimer laser to completely melt said amorphous 
silicon layer having said ?rst thickness and to partially 
melt said amorphous silicon layer having said second 
thickness; and 
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performing the crystallization procedure to form a poly-Si 
thin ?lrn using said partially rnelted amorphous silicon 
layer as crystallization seeds. 

9. The fabrication method of poly-Si thin ?lm as claimed 
in claim 8, Wherein said step of forming said amorphous 
silicon layer having said ?rst thickness and said second 
thickness comprises at least the steps of: 

forming a ?rst amorphous silicon layer having a third 
thickness; 

rernoving said ?rst amorphous silicon layer to eXpose said 
insulator layer so as to form an opening; and 

forming a second amorphous silicon layer having said 
?rst thickness on said opening and said amorphous 
silicon layer. 

10. The fabrication method of poly-Si thin ?lrn as claimed 
in claim 8, Wherein said step of forming said amorphous 
silicon layer having said ?rst thickness and said second 
thickness comprises at least the steps of: 

forming an amorphous silicon layer having said second 
thickness; and 
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de?ning the position of an opening on said amorphous 
silicon layer and removing a depth of said amorphous 
silicon layer cornrnensurately to said third thickness so 
as to form and opening. 

11. The fabrication method of poly-Si thin ?lrn as claimed 
in claim 9, Wherein said second thickness equals to said ?rst 
thickness plus said third thickness. 

12. The fabrication method of poly-Si thin ?lrn as claimed 
in claim 8, Wherein said amorphous silicon layer having said 
?rst thickness is the channel region of the thin ?lrn transistor. 

13. The fabrication method of poly-Si thin ?lrn as claimed 
in claim 8, Wherein said amorphous silicon layer having said 
second thickness is the source/drain regions of the thin ?lrn 
transistor. 

14. The fabrication method of poly-Si thin ?lrn as claimed 
in claim 8, Wherein a temperature gradient exists betWeen 
said amorphous silicon layer having said ?rst thickness and 
said amorphous silicon layer having said third thickness. 


