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[LOW-TEMPERATURE POLYSILICON THIN FILM 
TRANSISTOR AND FABRICATION METHOD 

THEREOF] 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 93109432, ?led Apr. 6, 2004. 

BACKGROUND OF INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a transistor and 
fabrication methods thereof, and more particularly to a 
loW-temperature polysilicon thin ?lm transistor (LTPS-TFT) 
and fabrication methods thereof. 

[0004] 2. Description of the Related Art 

[0005] Generally, devices use sWitches to control the 
operation thereof. For example, active matriX displays use 
thin ?lm transistors (TFT) as driving components. Accord 
ing to the material of a channel layer of the TFT, the types 
of the TFT include amorphous silicon TFT and polysilicon 
TFT. Based on the position of the channel layer correspond 
ing to that of the gate, the types of TFT also include top-gate 
TFT and bottom-gate TFT. The bottom-gate TFT has an 
insulating/amorphous silicon layer interface Which is 
capable of preventing contamination during process. The 
fabrication method can also be integrated With the back 
channel etching technology. The bottom-gate TFT, there 
fore, is more popularly used for the sWitching devices of 
liquid crystal displays. Furthermore, compared With the 
amorphous silicon TFT, the polysilicon TFT has loW poWer 
consumption and high electron mobility. It also gets more 
attention in the industry as Well. 

[0006] The prior art method of fabricating the polysilicon 
TFT requires a high temperature process up to 1000° C. Due 
to the high temperature requirement, the choice of the 
substrate material that can be applied to the process is 
limited. By the development of laser technology, the pro 
cessing temperature can be substantially doWn to or under 
600° C. The polysilicon TFT fabricated by such process is 
called a loW-temperature polysilicon TFT (LTPS-TFT). The 
technology utiliZes the laser annealing process to melt and 
recrystaliZe the amorphous silicon layer into polysilicon 
layer. The normally used laser annealing process is the 
eXcimer laser annealing (ELA) process. 

[0007] Although the polysilicon TFT has the advantages 
of high carrier mobility and high driving current about 10-4 
MA, it also creates high leakage current about 10'9 MA. The 
polysilicon TFT is easy to induce hot carrier effect at the 
drain region, causing device degradation. With the concern, 
the light doped drain (LDD) region is applied and disposed 
betWeen the channel layer and the source/drain region of the 
transistor to reduce hot carrier effect. 

[0008] FIGS. 1A-1E are cross-sectional vieWs shoWing a 
method of fabricating a prior art LTPS-TFT. Referring to 
FIG. 1A, a gate 102, a gate dielectric layer 104 and an 
amorphous silicon layer 106 are sequentially formed on a 
substrate 100. An ELA process is performed to melt and 
recrystaliZe the amorphous silicon layer 106 into a polysili 
con layer by the eXcimer laser beams 118. Referring to FIG. 
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1B, the polysilicon layer 106a is patterned to form the active 
region of the thin ?lm transistor. 

[0009] Referring to FIG. 1C, a silicon oXide layer 108 is 
formed on the polysilicon layer 106a over the gate 102. The 
silicon oXide layer 108 serves as a mask for implantation of 
ions 130 to form the ohmic contact layer 110 of the tran 
sistor. The polysilicon layer 106a formed over the gate 102 
is the channel layer 112. 

[0010] Referring to FIG. 1D, another silicon oXide layer 
108a is form on the channel layer 112. The silicon oXide 
layer 108a serves as another mask for lightly-doping 140 to 
form the LDD region betWeen the channel layer 112 and the 
ohmic contact layer 110. Referring to FIG. 1E, a source/ 
drain region 116 is formed on the ohmic contact layer 110 
and the gate dielectric layer 104 to cover a portion of the 
silicon oXide layer 108a. Accordingly, a bottom-gate LTPS 
TFT 120 is complete. 

[0011] From the prior art process, at least ?ve masks are 
required to fabricate the prior art LTPS-TFT 120. In addi 
tion, the LDD process is so complicated that the method of 
fabricating the prior art LTPS-TFT has high manufacturing 
cost. 

SUMMARY OF INVENTION 

[0012] Accordingly, the present invention is directed to a 
loW-temperature polysilicon thin ?lm transistor (LTPS-TFT) 
to improve device performance by forming an amorphous 
silicon hot carrier restrain region. 

[0013] The present invention is also directed to a method 
of fabricating a LTPS-TFT. The method is capable of 
reducing manufacturing costs as Well as improving device 
performance by forming an amorphous silicon hot carrier 
restrain region. 

[0014] The present invention discloses a LTPS-TFT. The 
LTPS-TFT comprises a gate, a dielectric gate, a patterned 
silicon layer, a patterned insulating layer, an ohmic contact 
layer, and a source/drain layer Which are sequentially 
formed on a substrate. The patterned silicon layer is dis 
posed on the gate dielectric layer and directly over the gate. 
The patterned silicon layer comprises a polysilicon channel 
region and an amorphous silicon hot carrier restrain region 
adjacent thereto. Also, the patterned silicon layer further 
comprises an edge portion (i.e. a portion of the patterned 
silicon layer other than the polysilicon channel region and 
the hot carrier restrain region) underneath the ohmic contact 
layer. The amorphous silicon hot carrier restrain region is 
capable of reducing hot carrier effect, preventing degrada 
tion of the transistor during the operation of the transistor. 
The patterned insulating layer covers the patterned silicon 
layer. The ohmic contact layer is disposed on the edge 
portion of the patterned silicon layer and a portion of the 
insulating layer over the amorphous silicon hot carrier 
restrain region to eXpose a portion of the patterned insulating 
layer and contacting the amorphous silicon hot carrier 
restrain region. The source/drain layer is disposed on the 
ohmic contact layer, or even on a portion of the substrate. 

[0015] According to an embodiment of the present inven 
tion, the LTPS-TFT further comprises a passivation layer 
disposed on the source/drain layer to cover the insulating 
layer. 
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[0016] According to an embodiment of the present inven 
tion, the ohmic contact layer comprises a n-type ohmic 
contact layer or a p-type ohmic contact layer. In other Words, 
the LTPS-TFT of the present invention can be a n-type 
transistor or a p-type transistor. In an embodiment, the 
material of the insulating layer comprises silicon nitride or 
silicon oxide. 

[0017] The present invention discloses a method of fab 
ricating a LTPS-TFT. First, a gate is formed on a substrate. 
A gate dielectric layer is formed on the substrate and the 
gate. A ?rst amorphous silicon layer, a patterned insulating 
layer and a second amorphous layer are sequentially formed 
over the gate. The patterned insulating layer is formed on a 
portion of the ?rst amorphous silicon layer and directly over 
the gate, and the second amorphous silicon layer is formed 
on the ?rst amorphous and the patterned insulating layer. 
The ?rst amorphous silicon layer and the second amorphous 
silicon layer are patterned to form a ?rst patterned amor 
phous layer and a second patterned amorphous layer to 
eXpose a portion of the gate dielectric layer. The second 
patterned amorphous silicon layer eXposes a portion of the 
patterned insulating layer. 
[0018] After forming the second patterned amorphous 
silicon layer, a portion of the ?rst patterned amorphous 
silicon layer is melted and then recrystaliZed to form a 
polysilicon channel region over the gate. The ?rst patterned 
amorphous silicon layer under the overlap of the second 
patterned amorphous and the patterned insulating layer 
becomes an amorphous silicon hot carrier restrain region. A 
source/drain layer is formed on the second patterned amor 
phous silicon layer. 

[0019] The present invention discloses another method of 
fabricating a LTPS-TFT. First, a gate is formed on a sub 
strate. A gate dielectric layer is formed on the substrate and 
the gate. A ?rst amorphous silicon layer, a patterned insu 
lating layer and a second amorphous layer are sequentially 
formed over the gate. The patterned insulating layer is 
formed on a portion of the ?rst amorphous silicon layer and 
directly over the gate, and the second amorphous silicon 
layer is formed on the ?rst amorphous and the patterned 
insulating layer. The ?rst amorphous silicon layer and the 
second amorphous silicon layer are patterned to form a ?rst 
patterned amorphous layer and a second patterned amor 
phous layer to eXpose a portion of the gate dielectric layer. 
The second patterned amorphous silicon layer eXposes a 
portion of the patterned insulating layer. 

[0020] After forming the second patterned amorphous 
silicon layer, a source/drain layer is formed on the second 
patterned amorphous silicon layer. The material of the 
source/drain layer can be, for eXample, metal or other 
conductive material. Then a ?rst patterned amorphous sili 
con layer is melted and then recrystaliZed to form a poly 
silicon channel region over the gate. The ?rst patterned 
amorphous silicon layer under the overlap of the second 
patterned amorphous and the patterned insulating layer 
becomes an amorphous silicon hot carrier restrain region. 

[0021] According to the embodiments of the present 
invention, the method of forming the can be, for example, a 
laser annealing process. The laser annealing process can be, 
for eXample, an eXcimer laser annealing process. 

[0022] According to an embodiment of the present inven 
tion, the method further comprises doping the ?rst amor 
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phous silicon layer after forming the patterned insulating 
layer and before forming the second amorphous silicon 
layer. In another embodiment, the method further comprises 
doping another portion of the ?rst amorphous silicon layer 
and the second amorphous silicon layer in the same process 
after forming the second amorphous silicon layer and before 
forming the source/drain layer. In the other embodiment, the 
method further comprises doping another portion of the ?rst 
patterned amorphous silicon layer and the second patterned 
amorphous silicon layer outside the polysilicon channel 
region and the amorphous silicon hot carrier restrain region, 
after forming the polysilicon channel region and before 
forming the source/drain layer. After performing the doping 
process, an activation process is performed for the ?rst 
patterned amorphous silicon layer and the second patterned 
amorphous silicon layer Which are doped, repairing defects 
of crystal lattice. 

[0023] According to the embodiment of the present inven 
tion, the ?rst patterned amorphous silicon layer and the 
second patterned amorphous silicon layer outside the poly 
silicon channel region and the amorphous silicon hot carrier 
restrain region are melted and then recrystaliZed to form the 
ohmic contact layer While forming the polysilicon channel 
region. 
[0024] According to the embodiment of the present inven 
tion, the method further comprises forming a passivation 
layer over the source/drain layer to cover the insulating 
layer. 
[0025] Compared With the prior art method of fabricating 
LTPS-TFT, the fabrication method of the present invention 
saves a lightly-doped drain (LDD) process and a LDD mask. 
The manufacturing cost, therefore, is reduced. Moreover, the 
LTPS-TFT of the present invention has the advantages of 
high driving current of polysilicon thin ?lm transistors and 
loW leakage current of amorphous thin ?lm transistors. 

[0026] In order to make the aforementioned and other 
objects, features and advantages of the present invention 
understandable, a preferred embodiment accompanied With 
?gures is described in detail beloW. 

BRIEF DESCRIPTION OF DRAWINGS 

[0027] FIGS. 1A-1E are cross-sectional vieWs shoWing a 
method of fabricating a prior art LTPS-TFT. 

[0028] FIGS. 2A-2H are cross-sectional vieWs shoWing 
progression steps of the method of fabricating a LTPS-TFT 
according to the ?rst embodiment of the present invention. 

[0029] FIGS. 3A-3C are cross-sectional vieWs shoWing 
partial steps of the method of fabricating a LTPS-TFT 
according to the second embodiment of the present inven 
tion. 

[0030] FIGS. 4A-4B are cross-sectional vieWs shoWing 
partial steps of the fabricating a LTPS-TFT according to the 
third embodiment of the present invention. 

[0031] FIGS. 5A-5B are cross-sectional vieWs shoWing 
partial steps of the fabricating a LTPS-TFT according to the 
fourth embodiment of the present invention. 

DETAILED DESCRIPTION 

[0032] The present invention discloses a loW-temperature 
polysilicon thin ?lm transistor (LTPS-TFT) structure With an 
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amorphous region between the channel region and the 
source/drain layer. The amorphous region prevents hot car 
rier effect by reducing the impact of high-energy elections, 
under high electrical ?eld, on the source/drain layer. The 
LTPS-TFT of the present invention can be fabricated by a 
variety of processes. FolloWing are embodiments of the 
present invention. The embodiments illustrate the LTPS 
TFT and the fabrication method thereof. The scope of the 
invention, hoWever, is not limited thereto. One of ordinary 
skill in the art Will understand and modify the structure and 
process in accordance With the embodiments. The modi? 
cation therefrom still falls Within the scope of the present 
invention. 

[0033] FIGS. 2A-2H are cross-sectional vieWs shoWing 
progression steps of the method of fabricating a LTPS-TFT 
according to the ?rst embodiment of the present invention. 
Referring to FIG. 2A, a gate 202, a gate dielectric layer 204, 
a ?rst amorphous silicon layer 206 and a patterned insulating 
layer 208 are sequentially formed on a substrate 200. The 
patterned insulating layer 208 is formed on the ?rst amor 
phous silicon layer 206, and over the gate 202. In this 
embodiment, the material of the patterned insulating layer 
208 includes, for example, silicon nitride, silicon oxide or 
other dielectric materials. 

[0034] Referring to FIG. 2B, the patterned insulating layer 
208 serves as a mask for an implantation process, such as ion 
implantation. The doping ions 230 is doped into a portion of 
the ?rst amorphous silicon layer 206, Which is not covered 
by the patterned insulating layer 208 to reduce the resistance 
thereof. It serves as the ohmic contact layer in the subse 
quent process. The doping ions 230 can be n-type or p-type 
doping ions. One of ordinary skill in the art understands that 
the type of the ions depends on the type of the transistor, 
such as a n-type or a p-type transistor. 

[0035] Referring to FIG. 2C, a second amorphous silicon 
layer 210 is formed on the ?rst amorphous silicon layer 206 
to cover the patterned insulating layer 208. The second 
amorphous silicon layer 210 can be, for example, a doped 
amorphous silicon layer. The doped amorphous silicon layer 
210 can be, for example, formed by doping and depositing 
the second amorphous silicon layer 210 by, for example, a 
plasma-enhanced chemical vapor deposition, simulta 
neously. The process is called in-situ doping process. 

[0036] Referring to FIG. 2D, the ?rst amorphous silicon 
layer 206 and the second amorphous silicon layer 210 are 
patterned to form a ?rst patterned amorphous silicon layer 
206a and a second patterned amorphous silicon layer 210a. 
The ?rst patterned amorphous silicon layer 206a and the 
second patterned amorphous silicon layer 210a expose a 
portion of the gate dielectric layer 204 and to de?ne the 
active region of the transistor. The second patterned amor 
phous silicon layer 210a also exposes a portion of the 
patterned insulating layer 208 over the gate 202. The method 
of patterning the ?rst amorphous silicon layer 206 and the 
second amorphous silicon layer 210 includes, for example, 
a lithographic process and an etching process. 

[0037] FIG. 2E illustrates a laser annealing process. The 
laser annealing process of the present invention can be, for 
example, an excimer laser annealing process. The structure 
of FIG. 2D is exposed to excimer laser beams 222 to melt 
and then recrystaliZe a portion of the ?rst patterned amor 
phous silicon layer 206a to form the polysilicon channel 
region 212 as shoWn in FIG. 2F. 
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[0038] The second patterned amorphous silicon layer 
210a is regarded as an energy-absorbing mask for the laser 
annealing process. Referring to FIGS. 2D-2E, the second 
patterned amorphous silicon layer 210a absorbs energy from 
the excimer laser beams 222, transforming into the ohmic 
contact layer 214 With partial or complete crystalliZation. 
The excimer laser beams 222 are absorbed by the second 
patterned amorphous silicon layer 210a and barely reach the 
?rst patterned amorphous silicon layer 206a thereunder. The 
patterned insulating layer 208 does not absorb the energy of 
the excimer laser beams 222. Accordingly, the ?rst patterned 
amorphous silicon layer 206a under the patterned insulating 
layer 208 absorbs the energy of the excimer laser beams 222, 
transforming into a polysilicon channel region 212. Because 
the ?rst patterned amorphous silicon layer 206a under the 
patterned insulating layer 208 is undoped, the ?rst patterned 
amorphous silicon layer 206a under the overlap of the 
second patterned amorphous silicon layer 210 and the pat 
terned insulating layer 208 becomes an undoped amorphous 
silicon hot carrier restrain region 216. The fabrication 
method of the present invention precisely de?nes the posi 
tion of the polysilicon region and the amorphous silicon 
region. Due to the high impedance of the amorphous silicon, 
the amorphous silicon hot carrier restrain region 216 effec 
tively reduces leakage currents of the transistor. In other 
Words, the leakage current is reduced. 

[0039] While melting and recrystaliZing the amorphous 
silicon layer to form the polysilicon layer, the excimer laser 
annealing process repairs the defects in the crystal lattice, 
rearranging the location of atoms to reduce the lattice 
defects. In this embodiment, the fabrication method saves an 
activation process for repairing lattice. 

[0040] Referring to FIG. 2G, a source/drain layer 218 is 
formed on the ohmic contact layer 214 and the gate dielec 
tric layer 204. The material of the source/drain layer 218 can 
be, for example, metal or other conductive material. When 
the method of the present invention is applied in the process 
of fabricating displaying devices, the source/drain layer of 
the thin ?lm transistor is coupled to the data line of the 
displaying device. The steps of forming the source/drain 
layer 218 and the data line can be performed in the same 
process. The fabrication process, therefore, is simpli?ed. 

[0041] The LTPS-TFT of the present invention is almost 
done in FIG. 2G. After forming the source/drain layer 218, 
a passivation layer 220 usually is formed to cover the 
source/drain layer 218 and the patterned insulating layer 208 
to protect internal devices of the LTPS-TFT during the 
fabrication process as shoWn in FIG. 2H. 

[0042] In a second embodiment of the present invention, 
the laser annealing process is performed before forming the 
source/drain layer 218. FolloWing is the description of the 
second embodiment of the present invention. 

[0043] FIGS. 3A-3C are cross-sectional vieWs shoWing 
partial steps of the method of fabricating a LTPS-TFT 
according to the second embodiment of the present inven 
tion. Referring to FIG. 3A, after forming the ?rst patterned 
amorphous silicon layer 206a and the second patterned 
amorphous silicon layer 210a according to the processes of 
FIGS. 2A-2D, the source/drain layer 218 is formed on the 
second patterned amorphous silicon layer 210a and the gate 
dielectric layer 204. The second patterned amorphous sili 
con layer 210a serves as the ohmic contact layer of the thin 
?lm transistor. 
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[0044] Referring to FIG. 3B, the structure formed in FIG. 
3A is exposed to the eXcimer laser beams 222. During the 
annealing process, the ?rst patterned amorphous silicon 
layer 206a above the gate 202 is melted and then recrystal 
iZed, transforming into the polysilicon channel region 212 as 
shoWn in FIG. 3C. Because of the eXcellent thermal con 
ductivity of the source/drain layer 218, the second patterned 
amorphous silicon layer 210a and the ?rst patterned amor 
phous silicon layer 206a under the source/drain layer 218 do 
not absorb the energy of the eXcimer laser beams 222. Both 
ends of the ?rst patterned amorphous silicon layer 206a, 
Which are adjacent to the polysilicon channel region 212 
becomes the amorphous silicon hot carrier restrain region 
216. The process of forming the passivation layer (not 
shoWn) on the source/drain layer 218 is optional and 
depends on the requirement of protecting the transistor or 
relevant process. 

[0045] The present invention also comprises doping pro 
cesses based on the requirement of the process. FolloWing 
are embodiments illustrating the doping processes. The 
elements of the subsequent embodiments, Which are the 
same as those of the last embodiments, have the materials 
similar thereto. The detail descriptions are not repeated. 

[0046] FIGS. 4A-4B are cross-sectional vieWs shoWing 
partial steps of the method of fabricating a LTPS-TFT 
according to the third embodiment of the present invention. 
Referring to FIG. 4A, after forming the patterned insulating 
layer 208 over the substrate 200 in accordance With FIG. 
2A, a second amorphous silicon layer 310 is formed on the 
?rst amorphous silicon layer 206 to cover the patterned 
insulating layer 208. The second amorphous silicon layer 
310 can be, for example, a doped or an undoped amorphous 
silicon layer. 

[0047] Referring to FIG. 4B, a ?rst patterned amorphous 
silicon layer 206a and a second patterned amorphous silicon 
layer 310a are formed according to the description of FIG. 
2D. The patterned insulating layer 208 serves as a mask for 
an implantation process to implant ions 230 into the ?rst 
patterned amorphous silicon layer 206a and the second 
patterned amorphous silicon layer 310a. The subsequent 
processes are similar to those of the last embodiments. 

[0048] In the fourth embodiment, a laser annealing pro 
cess is performed prior to the doping process of the third 
embodiment. FolloWing is the description of the fourth 
embodiment. 

[0049] Referring to FIG. 5A, after forming the structure in 
FIG. 4A, an eXcimer laser annealing process With eXcimer 
laser beams 222 is performed to melt and then recrystaliZed 
a portion of the ?rst patterned amorphous silicon layer 206a 
transforming into the polysilicon channel region 212 shoWn 
in FIG. 5B. Similar to the ?rst embodiment, the second 
patterned amorphous silicon layer 310a, during the laser 
annealing process, absorbs the energy of the eXcimer laser 
beams 222, transforming into the patterned polysilicon layer 
311 shoWn in FIG. 5B. 

[0050] Referring to FIG. 5B, an implantation process is 
performed to implant ions 230 into the patterned polysilicon 
layer 311 and the ?rst amorphous silicon layer 206a uncov 
ered by the patterned insulating layer 208 for forming the 
ohmic contact layer 214 and the hot carrier restrain region 
216 adjacent to the polysilicon channel region 212, respec 
tively, as shoWn in FIG. 2F. 
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[0051] In this embodiment, because the implantation pro 
cess is performed after the laser annealing process, an 
activation process (not shoWn) is required to repair the 
lattice defects in the ohmic contact layer 204 and the ?rst 
patterned amorphous silicon layer 206a thereunder. After the 
activation process, the subsequent processes are similar to 
those of last embodiments. 

[0052] The poWer of the laser beams applied in the present 
invention is for the purpose of forming the polysilicon 
channel region. For such purpose, the laser beams applied in 
the present invention should not penetrate through the 
second patterned amorphous silicon layer. Even the poWer 
of the laser beam just melts and then recrystaliZes the surface 
silicon atoms of the second patterned amorphous silicon 
layer. Accordingly, the ohmic contact layer of the present 
invention comprises amorphous silicon and crystalliZed sili 
con. 

[0053] The present invention discloses various methods of 
fabricating the LTPS-TFT in FIG. 2H. One of ordinary skill 
in the art may choose one of them to fabricate a transistor 
similar to that of the present invention. FolloWing is the 
detail description of the structure of the LTPS-TFT 400. The 
methods of fabricating the transistor are described in the last 
embodiments. Detail descriptions are not repeated. 

[0054] Referring to FIG. 2H, the LTPS-TFT 400 of the 
present invention comprises the substrate 200 and the struc 
ture thereon. The structure comprises: the gate 202, the gate 
dielectric layer 204, the patterned insulating layer 208, the 
patterned silicon layer 206a, the ohmic contact layer 214, 
the source/drain layer 218 and the passivation layer 220. The 
gate 202 and the gate dielectric layer 204 are sequentially 
disposed on the substrate 200. The patterned silicon layer 
206a is disposed on the gate dielectric layer 204. The 
patterned silicon layer 206a comprises a polysilicon channel 
region 212 over the gate 202 and the hot carrier restrain 
region 216 adjacent thereto. Also, the patterned silicon layer 
206a further comprises an edge portion 402 (i.e. a portion of 
the patterned silicon layer 206a other than the polysilicon 
channel region 212 and the hot carrier restrain region 216) 
underneath the ohmic contact layer 214. The patterned 
insulating layer 208, Which can be, for eXample, silicon 
oXide or silicon nitride is disposed on the patterned silicon 
layer 206a. 

[0055] The ohmic contact layer 214 is disposed on the 
edge portion of the patterned silicon layer 206a and a portion 
of the patterned insulating layer 208 over the amorphous 
silicon hot carrier restrain region 216 to eXpose the patterned 
insulating layer 208 over the polysilicon channel region 212. 
The ohmic contact layer 214 comprises, for example, a 
n-type ohmic contact layer or a p-type ohmic layer. 

[0056] The source/drain layer 218 is disposed on the 
ohmic contact layer 214 and the gate dielectric layer 204. 
The passivation layer 220 is disposed on the source/drain 
layer 218 and the patterned insulating layer 208, protecting 
the internal devices of the LTPS-TFT 400 from damage 
during subsequent processes. 

[0057] Therefore, the present invention has folloWing 
advantages: 

[0058] 1. Compared With the prior art method of fab 
ricating LTPS-TFT, the fabrication method of the 
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present invention saves a lightly-doped drain (LDD) 
process and a LDD mask. The manufacturing cost, 
therefore, is reduced. 

[0059] 2. During the process of fabricating the LTPS 
TFT of the present invention, the second patterned 
amorphous silicon layer serves as an energy-absorbing 
mask for the laser annealing process. Such amorphous 
layer precisely de?nes the amorphous silicon region 
and the polysilicon region. 

[0060] 3. The amorphous silicon hot carrier restrain 
region enforces the groWth of the crystal from the ends 
of the polysilicon channel region toWards the center 
thereof. The uniformity of the grain siZe of the poly 
silicon channel region is improved. 

[0061] 4. The LTPS-TFT of the present invention has 
the advantages of high driving current ION of polysili 
con thin ?lm transistors and loW leakage current IOFF of 
amorphous thin ?lm transistors. The transistor has high 
ION/IOFF ratio and improves the electrical performance 
of the LTPS-TFT. 

[0062] 5. It is feasible to modify production lines of 
amorphous silicon transistor for fabricating LTPS-TFT. 
The manufacturing cost, therefore, is substantially 
reduced. 

[0063] Although the present invention has been described 
in terms of exemplary embodiments, it is not limited thereto. 
Rather, the appended claims should be constructed broadly 
to include other variants and embodiments of the invention 
Which may be made by those skilled in the ?eld of this art 
Without departing from the scope and range of equivalents of 
the invention. 

1. A loW-temperature polysilicon thin ?lm transistor 
(LTPS-TFT), adapted to be disposed on a substrate, the 
LTPS-TFT comprising: 

a gate disposed on the substrate; 

a gate dielectric layer disposed on the substrate and the 
gate; 

a patterned silicon layer disposed on the gate dielectric 
layer and over the gate, Wherein the patterned silicon 
layer comprises a polysilicon channel region and an 
amorphous silicon hot carrier restrain region adjacent 
thereto; 

a patterned insulating layer disposed on the patterned 
silicon layer; 

an ohmic contact layer disposed on a portion of the 
patterned silicon layer other than the polysilicon chan 
nel region and the amorphous silicon hot carrier 
restrain region and a portion of the insulating layer over 
the amorphous silicon hot carrier restrain region to 
expose a portion of the patterned insulating layer; and 

a source/drain layer disposed on the ohmic contact layer. 
2. The LTPS-TFT of claim 1, further comprising a pas 

sivation layer disposed on the source/drain layer to cover the 
patterned insulating layer. 

3. The LTPS-TFT of claim 1, Wherein the ohmic contact 
layer comprises an n-type ohmic contact layer or a p-type 
ohmic contact layer. 
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4. The LTPS-TFT of claim 1, Wherein the material of the 
insulating layer comprises silicon oxide or silicon nitride. 

5. A method of fabricating a LTPS-TFT, comprising: 

forming a gate on a substrate; 

forming a gate dielectric layer on the substrate and the 
gate; 

forming a ?rst amorphous silicon layer, a patterned insu 
lating layer and a second amorphous layer over the gate 
sequentially, Wherein the patterned insulating layer is 
formed on a portion of the ?rst amorphous silicon layer 
and over the gate, and the second amorphous silicon 
layer is formed on the ?rst amorphous and the patterned 
insulating layer; 

patterning the ?rst amorphous silicon layer and the second 
amorphous silicon layer to form a ?rst patterned amor 
phous layer and a second patterned amorphous layer to 
expose a portion of the gate dielectric layer, Wherein the 
second patterned amorphous silicon layer exposes a 
portion of the patterned insulating layer; 

melting and then recrystaliZing a portion of the ?rst 
patterned amorphous silicon layer to form a polysilicon 
channel region over the gate, Wherein the ?rst patterned 
amorphous silicon layer under an overlap of the second 
patterned amorphous and the patterned insulating layer 
becomes an amorphous silicon hot carrier restrain 
region; and 

forming a source/drain layer on the second patterned 
amorphous silicon layer. 

6. The method of fabricating a LTPS-TFT of claim 5, 
Wherein the step of forming the polysilicon channel region 
further comprises performing a laser annealing process. 

7. The method of fabricating a LTPS-TFT of claim 6, 
Wherein the laser annealing process comprises an excimer 
laser annealing process. 

8. The method of fabricating a LTPS-TFT of claim 5, 
Wherein further comprising doping a portion of the ?rst 
amorphous silicon layer after forming the patterned insulat 
ing layer and before forming the second amorphous silicon 
layer. 

9. The method of fabricating a LTPS-TFT of claim 5, 
Wherein further comprising doping another portion of the 
?rst amorphous silicon layer and the second amorphous 
silicon layer after forming the second amorphous silicon 
layer and before forming the source/drain layer. 

10. The method of fabricating a LTPS-TFT of claim 9, 
Wherein further comprising doping the another portion of the 
?rst patterned amorphous silicon layer and the second 
patterned amorphous silicon layer after forming the poly 
silicon channel region and before forming the source/drain 
layer. 

11. The method of fabricating a LTPS-TFT of claim 10, 
Wherein further comprising performing an annealing acti 
vation process for the another portion of the ?rst amorphous 
silicon layer and the second patterned amorphous silicon 
layer after doing the another portion of the ?rst amorphous 
silicon layer and the second patterned amorphous silicon 
layer and before forming the source/drain layer. 

12. The method of fabricating a LTPS-TFT of claim 5, 
further comprising forming a passivation layer over the 
source/drain layer to cover the insulating layer. 
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13. The method of fabricating a LTPS-TFT of claim 5, 
further comprising melting and then recrystaliZing the sec 
ond patterned amorphous silicon layer While forming the 
polysilicon channel region. 

14. AThe method of fabricating a LTPS-TFT, comprising: 

forming a gate on substrate; 

forming a gate dielectric layer on the substrate and the 
gate; 

forming a ?rst amorphous silicon layer, a patterned insu 
lating layer and a second amorphous layer over the gate 
sequentially, Wherein the patterned insulating layer is 
formed on a portion of the ?rst amorphous silicon layer 
and over the gate, and the second amorphous silicon 
layer is formed on the ?rst amorphous and the patterned 
insulating layer; 

patterning the ?rst amorphous silicon layer and the second 
amorphous silicon layer to form a ?rst patterned amor 
phous layer and a second patterned amorphous layer to 
eXpose a portion of the gate dielectric layer, Wherein the 
second patterned amorphous silicon layer exposes a 
portion of the patterned insulating layer; 

forming a source/drain layer on the second patterned 
amorphous silicon layer; and 

melting and then recrystaliZing a portion of the ?rst 
patterned amorphous silicon layer to form a polysilicon 
channel region over the gate, Wherein the ?rst patterned 
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amorphous silicon layer under an overlap of the second 
patterned amorphous and the patterned insulating layer 
becomes an amorphous silicon hot carrier restrain 
region. 

15. The method of fabricating a LTPS-TFT of claim 14, 
Wherein the step of forming the polysilicon channel region 
further comprises performing a laser annealing process. 

16. The method of fabricating a LTPS-TFT of claim 15, 
Wherein the laser annealing process comprises an eXcimer 
laser annealing process. 

17. The method of fabricating a LTPS-TFT of claim 14, 
Wherein further comprising doping another portion of the 
?rst amorphous silicon layer after forming the patterned 
insulating layer and before forming the second amorphous 
silicon layer. 

18. The method of fabricating a LTPS-TFT of claim 14, 
Wherein further comprising doping another portion of the 
?rst amorphous silicon layer and the second amorphous 
silicon layer after forming the second amorphous silicon 
layer and before forming the source/drain layer. 

19. The method of fabricating a LTPS-TFT of claim 18, 
further comprising performing an annealing activation pro 
cess for the another portion of the ?rst amorphous silicon 
layer and the second patterned amorphous silicon layer after 
doing the another portion of the ?rst amorphous silicon layer 
and the second patterned amorphous silicon. 


