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(57) ABSTRACT 

A method is obtained of manufacturing a Semiconductor 
device including a Semiconductor layer with high field-effect 
mobility. According to the Semiconductor device manufac 
turing method, a Semiconductor layer is formed on a Sub 
Strate and then the Semiconductor layer is irradiated with 
high energy beam. Then, a heat treatment is provided under 
a temperature condition capable of reducing the Surface 
roughness of the Semiconductor layer. The radiation of high 
energy beam toward the Semiconductor layer improves the 
crystalinity of the Semiconductor layer and the Subsequent 
heat treatment reduces the Surface roughness of the Semi 
conductor layer to enhance the field-effect mobility of the 
Semiconductor layer. 

LASER RADATION 

YZZZZZZYZZZZZZZZZZZZZZZZZZZZZZZZZYZZY 3 



Patent Application Publication Jun. 14, 2001 Sheet 1 of 32 US 2001/0003659 A1 

FIG. 1 

ZZZZZZZZZZZZZZZZZZZZZY 2 2 
1 

FIG.2 

FIG.3 
v As A a. s ra A. a. a...A Y. r A. A. A. w VA CA Va. Y. r Y 

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 3 

FIG.4 

ZZZYZZZZZZZZZZZZZZZZZZZZZZZYZZZZZZZZZYZZZZZZZZZ 3 



Patent Application Publication Jun. 14, 2001 Sheet 2 of 32 US 2001/0003659 A1 

FIG.5 
LASER RADATION 

V. v . . . . . . . . . . . 
YZZZZZZYZZZYZZYYYZZYZZYZZYZZZZZZYZZYYYYYZZYYa 3 

FIG.6 

ZZZZZZZZZZZZZZYZZ 

FIG.7 
HEATREATMENT 

V v 
A 4-4-4-4-42 6 YZZY ZZZZZZZZZZZZY 777 ra 

1 == 

FIG.8 

Y 11 zzyrzecz, Zs 
1 —— 



Patent Application Publication Jun. 14, 2001 Sheet 3 of 32 US 2001/0003659 A1 

FIG.S. 

FIG 10 

v v V v 

3 O 

FIG 11 
12 6 8 12 

A1424 777/ 
NNNY/777-772NNNN 

3 O 

  

  

  



Patent Application Publication Jun. 14, 2001 Sheet 4 of 32 US 2001/0003659 A1 

FIG. 12 

v V V v V V v 
12 6 8 12 

ZZZZZZZZZ2 Z/7Z) 
NNNaZZZYZZYSSNNN 

FIG. 13 

    

  





(O.) EHTI LVHVdWEL 

US 2001/0003659 A1 Patent Application Publication 

  



US 2001/0003659 A1 Sheet 7 of 32 Jun. 14, 2001 Patent Application Publication 

009 
097 | | | + | | | | + † | ! ! -4 | | | | -1 | | | |- J. | ! I I | T | | ! | + | | | | 

(zuuo/Tlu) \LISNBC] ÅÐHENE HESWT 007 09€ 00€ 092 00Z 09 || 00 | 09 

- rent - - - - - - - - - - - - - - - - - - - - - - 

- - - - - O--- ---------- 

(CHCIAO!dd LNBWLWEHLIWEH) 
SSHNH90OH BOW-}}][\S • 

(GEGINOdd IONINGWIYEHLIWEH) 
SSBNH90OH EOW-}HTS O 

((uuu) SWH) W SSENHOE)(\OH 
HOV/-}}-{[\S 

  



US 2001/0003659 A1 Sheet 8 of 32 Jun. 14, 2001 Patent Application Publication 

a as us as as a -n an a has a 

Ald (CONVENTIONAL) 

  



US 2001/0003659 A1 Sheet 9 of 32 Jun. 14, 2001 Patent Application Publication 

CURRENT 
( 

FIG. 18 

DRAIN 

A) 

GATE VOLTAGE (V 

FIG. 19 

CURRENT 
DRAN 

(A) 

5 
V) ( GATE VOLTAGE 

  



Sheet 10 of 32 US 2001/0003659 A1 Jun. 14, 2001 Patent Application Publication 

02 

G | 

0 || 

(A) EÐVITOA E LVO 90G –1 | | 1 -1 + | -1 | | | -? ! { -1 { | { 

21-01 01-01 

(\/) _LNEHHÍ\O NIV/HC] 

  



(/\) EÐVITOA E LW9 
029 | 01G0G-0 | - 

Sheet 11 of 32 US 2001/0003659 A1 

(V) _LNEHHT) O NIV/HC] 

Jun. 14, 2001 

as an are re - as a m - arr an it is 

a He in as - a no me a se - - - a y - - - - - - - pg as 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - 

an - - - - - - 

Patent Application Publication 

  



Sheet 12 of 32 US 2001/0003659 A1 Jun. 14, 2001 Patent Application Publication 

(zuuo/Tuu) ALISNEG ÅÐHENE BESVT 
009 09?7 00?7 098 009 093 00€ 09 || 

(JEG|WOHd || ON |INGWIYEHLIVEH DI 
-------------- 

-- - - - - - ----- - - - - - - -- 

- - - - - - - - 

00 || 

09 

09 00|| 00,2 092 

(S·/\/gudo) Å LIT|{HOW LOE-J-JE-CITHH-] 

  



Patent Application Publication Jun. 14, 2001 Sheet 13 of 32 US 2001/0003659 A1 

FIG.23 

a ZZZZZZZZZZZZZZZZ2 2 g 

23 

-77.77 san 29 
16 K33& 16 33-NS22.22%NN33 N YARNZZYZZYZZSNW NSNNNNN 17 

9 5 12 33 12 4, 19 

FIG.24 

    

    

      

  



Patent Application Publication Jun. 14, 2001 Sheet 14 of 32 US 2001/0003659 A1 

D1 - - - Dm 

GATE xHo 
DRIVER o 

23 

  

  

  

  



Patent Application Publication Jun. 14, 2001 Sheet 15 of 32 US 2001/0003659 A1 

FIG.26 
Dn Dn+1 

Gn 

Gn+1 

  



Patent Application Publication Jun. 14, 2001 Sheet 16 of 32 US 2001/0003659 A1 

FIG.27 

V 
12 6 8 12 

(1442 2,767-472 
NNNNYYYYYYYYYYNNNN 

T - 1 

11 3 O 

FIG.28 

V V V v 
1230 6 8 2 

CSAYS MN 

(ZZZZY NZZZZO 
NRZZZZZZZZZZZZNN 

- 1 

15 14 

Z27, ZZZZZZZZ2/2 

  

  



Patent Application Publication Jun. 14, 2001 Sheet 17 of 32 US 2001/0003659 A1 

FIG.30 

ZZ /2 ZZZZZZ2442772 
... - 1 

FIG.31 

CaAYYYYYYY 

FIG.32 

7x7 3 ZZZZZZ Z/Z-5 . 

8 

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 14, 2001 Sheet 18 of 32 US 2001/0003659 A1 

FIG.33 
LASER RADATION 

. . . . . . . . . . 

HEAT TREATMENT 

v v i y ; ; ; ; ; ; 
ZZZZ 

72.7 3 

FIG.35 

22 

Z727ZZ 

  

  

  

    

  

    

  

    

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 14, 2001 Sheet 19 of 32 US 2001/0003659 A1 

FIG.36 

2S NSNZ %22S 

FIG.37 

NYN NSN Z2XSYS 
Z 

FIG.38 
33 

22 

    

    

  

  

    

  

    

    

    

    

  

  

    

    

  



Patent Application Publication Jun. 14, 2001 Sheet 20 of 32 US 2001/0003659 A1 

FIG.39 
18 33 18 

2KSYN22 
33 >s 5xx 33 ZZZZZZ21222ZZZZZ2-6 

  

  

  



Sheet 21 of 32 US 2001/0003659 A1 Patent Application Publication Jun. 14, 2001 

6 | 8 || V |8 £8 99 | 8 || ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ   

  

  

  

  

  



Patent Application Publication Jun. 14, 2001 Sheet 22 of 32 US 2001/0003659 A1 

FIG.41 
2 24; 

FIG.42 
LASER RADATION 

- 1 

FIG.43 
HEAT TREATMENT 

- 1 

FIG.44 



Patent Application Publication Jun. 14, 2001 Sheet 23 of 32 US 2001/0003659 A1 

FIG.45 
ZZZZZZZZZZZZZZZZZZXX 7 

144/1 2.72727-1777.2777.77.1.21111 

3 

6 8 
YZZZZZZZZ 

Y Y 7 

FIG.47 

v 
ZZZZZYZZ 
Y Y Z 

3 1 O 

A12424 M7-77 
NZZZYZYZZZN 

      

  

    

  



Patent Application Publication Jun. 14, 2001 Sheet 24 of 32 US 2001/0003659 A1 

FIG.49 

V 
12 6 8 12 

41242.424 A/47474/ 
NNNZZZZYZZZNNN 

FIG.50 

FIG.51 
LASER RADATION 

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ-3 
- 1 

FIG.52 
3 

ZZZZZZZZZZZZZZZZZZ 
- 1 

  



Patent Application Publication Jun. 14, 2001 Sheet 25 of 32 US 2001/0003659 A1 

FIG.53 
7 
6 

72 4x 
YT Y. Y ZZZZZZYZZY//ZZYZZAZ Z 7 Y Y 

FIG.54 
HEATREATMENT 

V. V V V v 
22 ZZZZZZZZZZZZZZZZZZZZX2ZZZZZZZZZZZZ 7-777-1227-77-7 ret 

7 
6 

      

  



(zuuo/Tuu) Å LISNEG AÐ HENE HBSVT OGV 00° 098 000 OG3 00z 09 1 001 OG0 

  



Sheet 27 of 32 US 2001/0003659 A1 Jun. 14, 2001 Patent Application Publication 

as -- as as - a no-- - - - - 

(zuuo/?uu) Å LISNEG AÐ HENE GØ9009 
as a as a - a - - - - - - 

07 09 09 00|| 0:2 || 002 

(s/Ngujo) Å LIT|8OWN 

  



Patent Application Publication Jun. 14, 2001 Sheet 28 of 32 US 2001/0003659 A1 

FIG.57 

V 
12 6 8 12 

244242 Z77-72) 
NZZZZZZZZZZZZN 

- 1 

11 3 O 

FIG.58 

V 
1230 6 8 12 
Ya SA M.A. 

O242 N N2442/2 
SNS227217ZZZZZZNNN 

- 1 

15 14 

FIG.59 

v 

fra - 
11 3 O 

    

  



Patent Application Publication Jun. 14, 2001 Sheet 29 of 32 US 2001/0003659 A1 

FIG.6O 31 6 8 

NYSA NYNY N ZZZZZZZZZ 
NYYYN 

NZZZZZZZZZN 

--H 
11 3 O 

FIG.61 

V 
31 6 8 

NYNN NN 
ZYZZYZZZ 

NSZZZZZZZZN 
- 1 

15 14 

FIG.62 

44-444442 

-H 

        

  

  

  

  

    

  



Patent Application Publication Jun. 14, 2001 Sheet 30 of 32 US 2001/0003659 A1 

FIG.63 
LASER RADATION 

. . . . . . . . . . . 
2x 

22 
ZóZZZZZ K2772 Ž27 

HEAT TREATMENT 

v v i ; ; ; ; ; ; ; ; ; 
Z22 Z Z s&Z 

FIG.65 

  

    

  

    

    

    

    

  

    

  

  



Patent Application Publication Jun. 14, 2001 Sheet 31 of 32 US 2001/0003659 A1 

FIG.66 

SxY 2) N Sx7 (2N 

FIG.67 

sexy 
(2) N a NYNNNN 33 

FIG.68 
33 . 

    

    

  

    

  

  

  

  

    

  

  

  



Patent Application Publication Jun. 14, 2001 Sheet 32 of 32 US 2001/0003659 A1 

FIG.69 
18 33 18 

3%SSÉN 33 33-YYYYSSS2 

  

  

  

    

  

  



US 2001/0003659 A1 

METHOD OF MANUFACTURING A 
SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method of manu 
facturing a Semiconductor device, and in particular to a 
method of manufacturing a Semiconductor device having a 
Semiconductor layer. 
0.003 2. Description of the Background Art 
0004 Conventionally liquid crystal displays (LCDs) 
include a display pixel portion arranged in a matrix and a 
drive circuit portion which drives the display pixel portion. 
Generally, for LCDs, a transistor which configures the drive 
circuit portion is required to have higher mobility (rapidity) 
than a transistor which configures the display pixel portion. 
In recent years, high mobility has been achieved to Some 
extent by employing polycrystalline Silicon film as an active 
layer of a thin film transistor (TFT) which configures the 
drive circuit. Thus, the TFT formed of polycrystalline silicon 
film has been employed as not only a transistor configuring 
the display pixel portion but also a transistor configuring the 
drive circuit portion. AS polycrystalline Silicon film has been 
used as the active layers of a TFT configuring the display 
pixel portion and the TFT configuring the drive circuit 
portion, a So-called LCD integral with a drive circuit has 
been developed in which the display pixel portion and the 
drive circuit portion are formed on the same Substrate. 
0005 For LCDs including such a TFT that employs 
polycrystalline Silicon film as an active layer, a further rapid 
TFT configuring the drive circuit portion is required with 
higher definition and higher density of the pixels of the 
LCDS. Accordingly, researches have been conventionally 
conducted to improve the mobility of the TFT active layer 
formed of polycrystalline silicon film. Various methods have 
been proposed to achieve high mobility, for example, by 
changing a material gas used in forming a Silicon layer 
Serving as a polycrystalline Silicon film from Silane (SiH) 
gas to disilane (SiH) gas to relatively increase the grain 
Size of the polycrystalline Silicon film after its Solid phase 
crystalization (SPC). 
0006) However, it is difficult to obtain a TFT active layer 
of Sufficient high mobility even with Such a technique 
proposed as above. Thus, it is particularly difficult to achieve 
a faster drive circuit when Such a TFT is used in an LCD and 
hence to improve the display characteristics of the LCD. 

SUMMARY OF THE INVENTION 

0007 One object of the present invention is to readily 
manufacture a Semiconductor device with a Semiconductor 
layer of high mobility in a method of manufacturing the 
Semiconductor device. 

0008 Another object of the present invention is to reduce 
crystal defect of a Semiconductor layer and the roughness of 
a Surface of the Semiconductor layer in a method of manu 
facturing a Semiconductor device. 
0009. A method of manufacturing a semiconductor 
device in one aspect of the present invention includes the 
Steps of initially forming a Semiconductor layer on a 
Substrate; irradiating the Semiconductor layer with high 
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energy beam; and then performing a heat treatment under a 
temperature condition capable of reducing the roughness of 
a Surface of the Semiconductor layer. According to the 
present invention, Since a Semiconductor layer is irradiated 
with high energy beam, crystal defect of the Semiconductor 
layer can be reduced and the crystallinity of the Semicon 
ductor layer can thus be improved. Furthermore, the heat 
treatment under a temperature condition capable of reducing 
the Surface roughness of the Semiconductor layer after the 
radiation of high energy beam can effectively reduce the 
roughness of the Surface of the Semiconductor layer 
increased due to the radiation of high energy beam. Thus, the 
manufacturing method in one aspect of the present invention 
can reduce crystal defect of a Semiconductor layer and the 
roughness of a Surface of the Semiconductor layer. Thereby, 
the field-effect mobility of the semiconductor layer can be 
improved and the drain current of the Semiconductor layer 
can thus be increased. With Such a Semiconductor layer used 
in a liquid crystal display, the drive circuit portion can 
rapidly operate and the high definition and high density of 
the pixel portion can be achieved. It is preferable that the 
heat treatment be performed at a temperature of 900 C. to 
1100 C., preferably in rapid thermal annealing. The use of 
rapid thermal annealing allows a high temperature treatment 
to be finished in an extremely short period of time, and thus 
disadvantages, Such as deformation of the Substrate, can be 
avoided while crystal defect of the semiconductor layer or 
the like is reduced by the high-temperature heat treatment. 
0010. In the method of manufacturing a semiconductor 
device in the above one aspect of the present invention, Solid 
phase crystallization may be employed to render an amor 
phous Semiconductor layer polycrystalline So that a poly 
crystalline Silicon layer is formed, and the polycrystalline 
Semiconductor layer may be irradiated with high energy 
beam. The radiation of high energy beam is preferably 
provided while the polycrystalline Semiconductor layer is 
heated, preferably in 100° C. to 600 C. Since the polycrys 
talline Semiconductor layer is heated at the same time as the 
radiation of high energy beam, the roughness of a Surface of 
the polycrystalline Semiconductor layer can be reduced and 
the mobility of a transistor can thus be improved. Further 
more, the cost for maintenance of the laser device can be 
reduced Since laser energy density can be reduced as com 
pared with the case where heating is not provided during 
laser radiation. Prior to the radiation of high energy beam, a 
Surface of the polycrystalline Semiconductor layer may be 
oxidized to form oxide film which is then removed to expose 
a Surface of the polycrystalline Semiconductor layer and the 
exposed polycrystalline Semiconductor layer may be irradi 
ated with high energy beam to further improve the crystal 
linity of the polycrystalline Semiconductor layer. 
0011. In the method of manufacturing a semiconductor 
device in the above one aspect of the present invention, a 
Substrate may be provided thereon with an amorphous 
Semiconductor layer which is then irradiated with high 
energy beam to render the amorphous Semiconductor layer 
polycrystalline So that a polycrystalline Semiconductor layer 
is formed. The heat treatment may be performed immedi 
ately after the radiation of high energy beam, or after an 
insulating film and a polycrystalline Silicon film are Succes 
Sively formed on the polycrystalline Semiconductor layer 
after the radiation of high energy beam. The heat treatment 
is preferably performed through rapid thermal annealing. 
The use of rapid thermal annealing allows a high-tempera 
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ture treatment to be finished in an extremely short period of 
time, and thus disadvantages, Such as deformation of the 
Substrate, are avoided while crystal defect of the Semicon 
ductor layer or the like is reduced by a high-temperature heat 
treatment. 

0012. In the method of manufacturing a semiconductor 
device in the above one aspect of the present invention, high 
energy beam preferably includes either laser or Xenon arc 
lamp. When laser or Xenon arc lamp is used, the crystals of 
the Semiconductor layer can effectively absorb the radiated 
energy and thereby the crystallinity of the Semiconductor 
layer as an active layer can readily be improved. Further 
more, the Semiconductor layer may include a Silicon layer. 
Preferably, the Semiconductor layer includes an active layer 
of a thin film transistor. Furthermore, a gate electrode may 
be formed on the semiconductor layer after the formation of 
the Semiconductor layer with a gate insulating layer inter 
posed therebetween, or the Semiconductor layer may be 
formed on a gate electrode formed on the Substrate with a 
gate insulating layer interposed therebetween. 

0013 A method of manufacturing a semiconductor 
device in another aspect of the present invention includes the 
Steps of initially forming an amorphous Semiconductor 
layer on an insulating Substrate; rendering the amorphous 
Semiconductor layer polycrystalline by Solid phase crystal 
lization to form a polycrystalline Semiconductor layer, irra 
diating the polycrystalline Semiconductor layer with high 
energy beam; and then performing a heat treatment under a 
temperature condition capable of reducing the roughness of 
a Surface of the polycrystalline Semiconductor layer. Since 
the polycrystalline Semiconductor layer is irradiated with 
high energy beam and a heat treatment is then performed 
under a temperature condition capable of reducing the 
roughness of a Surface of the polycrystalline Semiconductor 
layer, crystal defect of the polycrystalline Semiconductor 
layer can be reduced and the roughness of the Surface of the 
polycrystalline Semiconductor layer can be reduced. Accord 
ingly, when the polycrystalline Semiconductor layer is used 
as an active layer of a transistor, the field-effect mobility of 
the transistor can be improved and the drain current of the 
transistor can thus be increased. When Such a transistor is 
used in an LCD, the drive circuit portion can rapidly operate 
and the high definition and high density of the pixel portion 
can be achieved. In the method of manufacturing a Semi 
conductor device in the above another aspect of the present 
invention, it is preferable that the radiation of high energy 
beam be provided while the polycrystalline Semiconductor 
layer is heated. This allows further reduction in the rough 
neSS of a Surface of the polycrystalline Semiconductor layer 
and hence further improvement in the field-effect mobility of 
the transistor. 

0.014) A method of manufacturing a semiconductor 
device in Still another aspect of the present invention 
includes the Steps of initially forming an amorphous Semi 
conductor layer on an insulating Substrate, irradiating the 
amorphous Semiconductor layer with high energy beam to 
achieve polycrystallization of the amorphous Semiconductor 
layer So that a polycrystalline Semiconductor layer is 
formed; and then performing a heat treatment under a 
temperature condition capable of reducing the roughness of 
a Surface of polycrystalline Semiconductor layer. These Steps 
can improve the crystallinity of the polycrystalline Semicon 
ductor layer as well as reduce the roughness of a Surface of 
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the polycrystalline Semiconductor layer. Accordingly, when 
the polycrystalline Semiconductor layer is used as an active 
layer of a transistor, the field-effect mobility of the transistor 
can be improved and the drain current of the transistor can 
thus be increased. When Such a transistor is used in an LCD, 
the drive circuit portion can rapidly operate and the high 
definition and high density of the pixel portion can be 
achieved. 

0015 The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIGS. 1-12 are cross sections illustrating a process 
for manufacturing a Semiconductor device (TFT) according 
to a first embodiment of the present invention. 
0017 FIG. 13 is a schematic view illustrating the high 
throughput laser radiation employed in the present inven 
tion. 

0018 FIGS. 14-16 are diagrams representing character 
istics of a Semiconductor film of the present invention. 
0019 FIGS. 17-19 are graphs representing characteristics 
of a TFT which employs a semiconductor film of the present 
invention. 

0020 FIGS. 20-21 are graphs representing characteristics 
of a conventional TFT. 

0021 FIG. 22 is a graph representing a characteristic of 
a TFT which employs a semiconductor film of the present 
invention. 

0022 FIG. 23 is a cross section of an LCD with appli 
cation of a TFT according to the first embodiment. 
0023 FIG. 24 is a plan view of a liquid crystal display 
panel with a display pixel portion and a peripheral drive 
circuit formed on the same Substrate. 

0024 FIG. 25 is a block diagram showing a circuit 
configuration of an LCD of the present invention. 
0025 FIG. 26 is an equivalent circuit diagram of an LCD 
according to the present invention. 
0026 FIGS. 27 and 28 are cross sections illustrating a 
process for manufacturing a Semiconductor device (a TFT) 
according to a Second embodiment of the present invention. 
0027 FIGS. 29-39 are cross sections illustrating a pro 
cess for manufacturing a semiconductor device (a TFT) 
according to a third embodiment of the present invention. 
0028 FIG. 40 is a cross section of an LCD with appli 
cation of the TFT according to the third embodiment. 
0029 FIGS. 41-49 are cross sections illustrating a pro 
cess for manufacturing a semiconductor device (a TFT) 
according to a fourth embodiment of the present invention. 
0030 FIGS. 50-54 are cross sections illustrating a pro 
cess for manufacturing a semiconductor device (a TFT) 
according to a fifth embodiment of the present invention. 
0031 FIG. 55 is a diagram representing a characteristic 
of a Semiconductor film of the present invention. 
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0.032 FIG. 56 is a diagram representing a characteristic 
of a Semiconductor film of the present invention. 

0033 FIGS. 57 and 58 are cross sections illustrating a 
process for manufacturing a Semiconductor device (a TFT) 
according to a sixth embodiment of the present invention. 

0034 FIGS. 59-61 are cross sections illustrating a pro 
cess for manufacturing a semiconductor device (a TFT) 
according to a Seventh embodiment of the present invention. 

0.035 FIGS. 62-69 are cross sections illustrating a pro 
cess for manufacturing a semiconductor device (a TFT) 
according of an eighth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.036 The embodiments of the present invention will now 
be described with reference to the drawings. 

0037 First Embodiment 
0038) Referring to FIGS. 1-12, a process will now be 
described for manufacturing a semiconductor device (TFT) 
according to a first embodiment of the present invention. 

0.039 Referring to FIG. 1, in a first step, an amorphous 
Silicon film (an amorphous Semiconductor film) 2 is formed 
on a transparent insulating Substrate 1 of glass or quartz 
glass by low pressure chemical vapor deposition (LPCVD) 
with disilane (SiH) gas used as a material gas. Amorphous 
silicon film 2 is formed to have a film thickness of approxi 
mately 100 nm in a temperature of approximately 450° C. 

0040 FIG. 2 shows a second step in which solid phase 
crystallization (SPC) is employed to provide annealing for 
approximately 20 hours at a temperature of approximately 
600 C. Thus, amorphous silicon film 2 is rendered poly 
crystalline and refined to a polycrystalline Silicon film 3. 
Meanwhile, the film thickness of polycrystalline silicon film 
3 is reduced to approximately 90 nm. 

0041 FIG. 3 shows a third step in which dry oxidation 
for approximately 30 minutes is provided in an O. ambient 
of approximately 1050 C. to oxidize a surface of polycrys 
talline silicon film 3. Thus, a silicon dioxide (SiO2) film 4 
with a film thickness of approximately 20 nm is formed on 
the surface of polycrystalline silicon film 3. 

0042. Then, a hydrofluoric acid based etchant is used to 
remove SiO film 4 by wet etching in a fourth step. A surface 
of polycrystalline Silicon film 3 is thus exposed, as shown in 
FIG. 4. Since a surface of polycrystalline silicon film 3 is 
oxidized to form silicon dioxide film 4 which is then 
removed, polycrystalline Silicon film 3 can be improved in 
crystallinity. Polycrystalline silicon film 3 serves as an active 
layer of a TFT, 

0043 FIG. 5 shows a fifth step in which a surface of 
polycrystalline silicon film 3 is irradiated with Krf excimer 
laser beam with a wavelength 2 of 248 nm to provide laser 
annealing. The conditions for the laser radiation are a 
substrate temperature of the room temperature to 600 C., a 
radiation energy density of 100 m.J/cm to 500 m.J/cm and 
a Scanning rate of 1 mm/sec to 10 mm/sec. It should be noted 
that Scanning can be practically provided at a Scanning rate 
of 1 um/sec to 100 mm/sec. 
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0044) The laser beam may be XeCl excimer laser with a 
wavelength 2 of 308 nm. The conditions for the laser 
radiation are a Substrate temperature of the room tempera 
ture to 600° C., a radiation energy density of 100 m.J/cm to 
500 m.J/cm and a scanning rate of 1 mm/sec to 10 mm/sec. 
In this example also, Scanning can practically be provided at 
a Scanning rate of 1 um/sec to 100 mm/sec. 

0045 ArF excimer laser may also be used at a wave 
length) of 193 nm. The conditions for the laser radiation are 
a substrate temperature of the room temperature to 600 C., 
a radiation energy density of 100 m.J/cm° to 500 m.J/cm and 
a Scanning rate of 1 um/sec to 10 mm/sec. In this example 
also, Scanning can be provided at a Scanning rate of 1 um/Sec 
to 100 mm/sec. 

0046 Whichever laser beam mentioned above is used, 
the grain size of polycrystalline Silicon film 3 is increased in 
proportion to radiation energy density and the frequency of 
radiation. Accordingly, a desired grain size can be obtained 
by adjusting energy density and the frequency of radiation. 
0047 The present embodiment employs high throughput 
laser radiation for the excimer laser annealing described 
above. FIG. 13 shows a configuration of a device used for 
the high throughput laser radiation. The device includes a 
KrF excimer laser 101, a reflecting mirror 102 which reflects 
a laser beam from KrE excimer laser 101, and a laser beam 
control optical system 103 which processes a laser beam 
from reflecting mirror 102 into a predetermined condition 
and radiates the processed laser beam toward Substrate 1. 
0048. In the high throughput laser radiation in such a 
configuration, a laser beam processed by laser beam control 
optical system 103 into the shape of a stick or line (of 0.5 
mmx50 mm in beam size) is radiated by overlapping a 
plurality of pulses. The Overlapping of a plurality of pulses 
is obtained by overlapping Stick-like laser beams in the 
shorter axial direction by any percentage of 0% to 90%. 
Furthermore, Stage Scanning is completely Synchronized 
with the pulse laser radiation to provide laser radiation in an 
extremely highly precisely overlapping condition and hence 
high throughput. 

0049. After the laser radiation through such a high 
throughput laser radiation as described above, the laser 
radiated polycrystalline Silicon film 3 is etched and patterned 
in a sixth Step. Thus, a patterned polycrystalline Silicon film 
3 as shown in FIG. 6 is formed at a TFT forming location. 
0050 FIG. 7 shows a seventh step in which a silicon 
oxide film (a high temperature oxide or HTO film) serving 
as a gate insulating film 6 is formed on the patterned 
polycrystalline silicon film 3 by the LPCVD method. Then, 
transparent insulating Substrate 1 is inserted into an electric 
furnace and a heat treatment is performed in N. ambient at 
a temperature of approximately 10-50 C. for approximately 
two hours. The heat treatment may be a rapid heat treatment 
by rapid thermal annealing (RTA). The heat treatment is 
performed at a temperature of approximately 900 C. to 
approximately 1100° C. (preferably, approximately 950° C. 
to 1100° C) in Nambient for one to ten seconds with a Xe 
arc lamp used as a heat Source. Although the heating through 
the RTA method is provided at high temperature, it can be 
finished in an extremely short period of time and thus 
disadvantages can be prevented, Such as deformation of 
transparent insulating Substrate 1 while crystal defect of 
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polycrystalline silicon film 3 and the like are reduced by the 
high-temperature heat treatment. 
0051 FIG. 8 shows an eighth step in which a polycrys 
talline silicon film 7 doped with phosphorus is formed on 
gate insulating film 6 by the LPCVD method. It should be 
noted, however, that polycrystalline silicon film 7 is not 
necessarily be doped with phosphorus. 
0.052 Then, photolithography and a dry etching tech 
nique according to the RIE method are employed in a ninth 
Step to pattern polycrystalline Silicon film 7 and the under 
lying gate insulating film 6. Thus, patterned gate electrode 8 
and gate insulating film 6 are obtained on a region positioned 
on polycrystalline silicon film 3, as shown in FIG. 9. 
0053 FIG. 10 shows a tenth step in which an impurity is 
implanted in an exposed upper Surface of polycrystalline 
Silicon film 3 and an upper Surface of gate electrode 8. 
Furthermore, a heat treatment is provided to activate the 
implanted impurity. The impurity is arsenic (AS) and phos 
phorus (P) for n type and the conditions for the implantation 
are approximately 80 keV and approximately 3x10"/cm. 
For a p-type impurity to be implanted, boron (B) is applied 
and the conditions for the implantation are approximately 30 
keV and approximately 1.5x10"/cm. The impurity injec 
tion and heat treatment described above allow formation of 
lightly doped regions 10 and 11. 
0054) In a eleventh step, an insulating film (not shown) is 
then deposited on transparent insulating Substrate 1 by the 
atmospheric pressure CVD (APCVD) method to cover poly 
crystalline silicon film (active layer) 3 and gate electrode 8 
and then the insulating film is anisotropically etched back at 
the entire surface to form a sidewall 12 of the insulating film 
on a side Surface of gate electrode 8 and gate insulating layer 
6, as shown in FIG. 11. 
0055 FIG. 12 shows a twelfth step in which sidewall 12 

is used as a mask to implant an impurity in polycrystalline 
silicon film 3 so that heavily doped regions 14 and 15 are 
formed in Self-alignment. For a n-type impurity to be 
implanted, phosphorus (P) ions are applied and the condi 
tions for the implantation are approximately 80 keV and 
approximately 3x10"/cm. In this state, an electric furnace 
is also used to provide a heat treatment to activate the 
impurity. This heat treatment is performed at approximately 
850 C. for approximately 30 minutes at a Nagas flow rate 
of approximately 5 l/min. 

0056. It should be noted that the heat treatment may be a 
rapid heat treatment by the RTA method and is performed at 
a temperature of approximately 700 C. to approximately 
950° C. in Nambient for one to three seconds with a Xe arc 
lamp used as a heat Source. Although the heating through the 
RTA method is provided at high temperature, it can be 
finished in an extremely short period of time and thus 
transparent insulating Substrate 1 can be effectively pre 
vented from being deformed while crystal defect of poly 
crystalline silicon film 3 or the like is reduced by the 
high-temperature heat treatment. Thus, Source/drain regions 
are formed of a lightly-doped drain (LDD) structure formed 
of lightly doped regions 10 and 11 and heavily doped regions 
14 and 15. 

0057 The process described above thus allows formation 
of a TFT which employs a polycrystalline silicon film as an 
active layer. 
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0058 Other than the lasers used in the first embodiment, 
F laser (wavelengths: 157 nm), ArF laser (wavelength: 193 
nm), KrCl laser (wavelength:222 nm), XeBr laser (wave 
length:282 nm), XeCl laser (wavelength: 308 nm) and XeF 
laser (wavelength:351 nm) can be used as excimer laser. 
These excimer lasers can achieve Similar effects to the lasers 
used in the fifth step of the first embodiment. 
0059) Furthermore, Arlaser (wavelength:488 or 515 
nm), ruby laser (wavelength:694 nm), YAG laser (wave 
length: 1.06 um) and CO laser (wavelength:10.6 um) can 
also be used other than the above excimer lasers. It should 
be noted, however, that the above excimer lasers are pref 
erably used to achieve efficient absorption thereof into 
polycrystalline silicon film 3. 
0060) Furthermore, ultra high pressure mercury lamp, 
low pressure mercury lamp, deuterium lamp, halogen lamp, 
Fe/Hg metal halogen lamp and the like can also be used as 
high energy beam. 
0061 These high energy beams are preferably of a wave 
length of no more than approximately 600 nm, which is 
readily absorbed in silicon film. 
0062) An effect of the heat treatment in the seventh step 
shown in FIG. 7 will now be described. In the seventh step, 
a transparent insulating Substrate 1 is inserted into an electric 
furnace for a heat treatment in N. ambient at approximately 
1050 C. for approximately two hours. This can reduce the 
roughness of a Surface of polycrystalline Silicon film 3 
serving as an active layer of a TFT. FIG. 14 is a graph 
representing a roughneSS of a Surface of polycrystalline 
silicon film with and without the heat treatment in the 
Seventh Step after the laser radiation toward the polycrys 
talline silicon film. In FIG. 14, the horizontal axis represents 
the energy density of the laser to be radiated and the vertical 
axis represents the roughness of the Surface of the polycrys 
talline Silicon film, and a white circle (o) represents a case 
without the heat treatment after the laser radiation and a 
black circle (O) represents a case with the heat treatment 
after the laser radiation. 

0063 As shown in FIG. 14, the surface roughness after 
Solid phase crystallization of an amorphous Silicon film is 
approximately 1.2 nm to approximately 1.3 nm in any 
example. AS laser radiation density is increased, it is found 
that the roughneSS is increased in the example without the 
heat treatment whereas the roughness is not So increased in 
the example with the heat treatment. 
0064 FIG. 15 is a graph representing surface roughness 
and field-effect mobility relative to the temperature at the 
heat treatment in the seventh step. In FIG. 15, o, A and 
indicate the changes in Surface roughneSS relative to the 
changes of temperature and O, A and indicate field-effect 
mobility relative to the changes of temperature. It is found 
that when the temperature is no less than 900 C., surface 
roughness is reduced and field-effect mobility is increased as 
the temperature is raised. The temperature of the heat 
treatment is preferably no more than 1100 C., otherwise the 
transparent insulating Substrate will be disadvantageously 
deflected within the treatment time. It is thus found that the 
temperature of the heat treatment is preferably approxi 
mately 900 C. to approximately 1100 C., more preferably 
approximately 950 C. to approximately 1100° C. 
0065. The heat treatment thus performed in the seventh 
Step after the laser radiation toward polycrystalline Silicon 
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film (active layer) 3 can reduce the Surface roughness of 
polycrystalline silicon film 3 and thus improve the field 
effect mobility of a TFT with such a polycrystalline silicon 
film 3 used as an active layer. Furthermore, use of Such a 
TFT in an LCD allows good display. 
0.066 FIG. 16 is a graph indicating the surface rough 
neSSes of polycrystalline Silicon film in an example in which 
heating is provided during laser radiation and in a conven 
tional example in which heating is not provided during laser 
radiation. In FIG. 16, the horizontal axis represents laser 
energy density and the Vertical axis represents the Surface 
roughness of the polycrystalline Silicon film, and a white 
circle (o) indicates an example in which a heat treatment 
(i.e., heating) is provided during laser radiation and a black 
circle (O) indicates an example in which a heat treatment is 
provided during laser radiation. 
0067. As shown in FIG. 16, the surface roughness after 
amorphous Silicon is Subjected to Solid phase crystallization 
is approximately 1.0 nm to 2.0 nm in either example. 
0068 AS radiation density is changed, the surface rough 
neSS of the example in which heating is provided during 
laser radiation can be Smaller than the initial State, whereas 
the Surface roughness of the example in which heating is not 
provided during laser radiation increases as laser energy 
density is increased. 
0069. It is thus found that the laser radiation toward 
polycrystalline silicon film 3 while it is heated can reduce 
the surface roughness of polycrystalline silicon film 3. This 
can improve the field-effect mobility of a TFT with Such a 
polycrystalline Silicon film 3 used as an active layer. Fur 
thermore, use of such a TFT in a LCD allows good display. 
While the temperature of the substrate heated during laser 
radiation is approximately 400 C. in the fifth step of the first 
embodiment, a temperature of approximately no leSS than 
100° C. can also achieve a similar effect. It should be noted, 
however, that the temperature of the Substrate heated during 
laser radiation is preferably no more than 600 C. if pre 
vention of deflection of transparent insulating Substrate 1 is 
taken into consideration. 

0070 FIG. 17 is a graph representing the Id-Vg charac 
teristic of a TFT formed by the manufacturing process 
according to the first embodiment and that of a conventional 
TFT. In FIG. 17, the horizontal axis represents a voltage Vg 
applied to the gate electrode and the vertical axis represents 
a current Id flowing to the drain. It is found that current Id 
in a curve line in the on State is larger in the TFT according 
to the first embodiment than in the conventional TFT, as 
shown in FIG. 17. In other words, it is found that the 
field-effect mobility of electrons of an active layer formed of 
the polycrystalline Silicon film according to the first embodi 
ment is improved as compared with a conventional field 
effect mobility. 

0071. It is also found from FIG. 17 that the drain current 
Id flowing at a low gate Voltage Vg immediately after the 
TFT is turned on is larger in the TFT according to the first 
embodiment than in the conventional TFT. This indicates 
that the Surface roughness of the active layer of the Semi 
conductor device according to the first embodiment is 
smaller than that of the conventional TFT active layer. 
0072. It is found from the results shown in FIGS. 14 to 17 
that both the heating during laser radiation in the fifth Step 
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and the heat treatment in the Seventh Step after the laser 
radiation can reduce the Surface roughness of polycrystalline 
Silicon film 3. It is also found that use of Such a polycrys 
talline silicon film 3 as an active layer of a TFT can further 
improve the characteristics, Such as field-effect mobility. 
More specifically, the characteristics of Semiconductor 
devices can be improved, such as the field-effect mobility 
subthreshold (S) value and threshold (Vth) value of the TFT, 
0073. The characteristics of the TFT will further be 
described which is formed by the manufacturing process 
according to the first embodiment shown in FIGS. 1-12. 
FIGS. 18 and 19 represent the Id-Vg characteristic of a TFT 
according to the first embodiment, and FIGS. 20 and 21 
represent the Id-Vg characteristic of a conventional TFT. In 
FIGS. 18-21, the horizontal axis represents a voltage Vg 
applied to the gate and the Vertical axis represents a current 
Id flowing to the drain. It is found that the drain current Id 
of the TFT according to the first embodiment shown in FIG. 
19 is larger than that of the conventional TFT shown in FIG. 
21. This means that the field-effect mobility of electrons in 
an active layer formed of the polycrystalline Silicon film 
according to the first embodiment is improved as compared 
with a conventional field-effect mobility. 
0074 FIG. 22 shows a correlation between the field 
effect mobility of carrier in a polycrystalline silicon film and 
excimer laser radiation energy density after both the heating 
during laser radiation in the fifth Step and the heat treatment 
in the seventh step after the laser radiation. It is found from 
FIG. 22 that as excimer laser radiation energy density is 
increased, field-effect mobility is also increased, peaks with 
an energy density of approximately 250 m.J/cm and gradu 
ally reduces thereafter. Such a peak is resulted from a 
trade-off relationship between the improvement in crystal 
linity owing to excimer laser radiation and Surface rough 
neSS. The relationship between the improvement in crystal 
linity and Surface roughness is best maintained around the 
peak and good field-effect mobility can thus be obtained. 
0075) Referring now to FIG. 23, a process will now be 
described for manufacturing an LCD incorporating a TFT 
formed by the manufacturing process according to the first 
embodiment. 

0076) The TFT according to the first embodiment shown 
in FIG. 12 is first formed and then sputtering is applied to 
form a storage electrode 17 constituting an auxiliary capaci 
tance that is formed of indium thin oxide (ITO) on a region 
of a pixel portion of transparent insulating Substrate 1. 
Storage electrode 17 may be formed simultaneously with the 
formation of the phosphorus-doped polycrystalline Silicon 
film 3 which will serve as an active layer of the TFT. 
0077. Then, an interlayer insulating film 33 is formed on 
the entire Surface of the device. Silicon oxide film, Silicate 
glass or Silicon nitride film is used as the material of 
interlayer insulating film 33. These films are formed by the 
CVD method or the PCVD method. Then, a contact hole 19 
which reaches heavily doped regions 14 and 15 is formed in 
interlayer insulating film 33. Then, an AlSi film (not shown) 
which fills contact hole 19 and extends along an upper 
surface of interlayer insulating film 33 is formed and then 
patterned to form a source/drain electrode 18. Furthermore, 
an interlayer insulating film 18 is formed to cover interlayer 
insulating film 33 and source/drain electrode 18 and then a 
contact hole is formed in a region of interlayer insulating 
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film 18 that is positioned over one source/drain electrode 18. 
An ITO film (not shown) which fills the contact hole and 
extends along an upper Surface of interlayer insulating film 
16 is formed and then patterned to form a display electrode 
20. An orientation film 29 is formed on display electrode 20 
and interlayer insulating film 16 to complete the Substrate on 
the TFT side. 

0078. Then, transparent insulating substrate 1 with the 
TFT of polycrystalline silicon formed thereon is opposed to 
a transparent insulating Substrate 22 with a common elec 
trode 21 and an orientation film 29 formed on a Surface 
thereof. In this State, liquid crystal is Sealed in between 
transparent insulating Substrates 1 and 22 to form a liquid 
crystal layer to complete the formation of the pixel portion 
of an LCD. An LCD is thus formed which employs the TFT 
according to the first embodiment. 
007.9 FIG. 24 shows a liquid crystal display panel in 
which a display pixel portion and a peripheral drive circuit 
portion are formed on the same Substrate. In the liquid 
crystal display panel shown in FIG. 24, an active layer of the 
peripheral drive circuit portion (a gate driver 25 and a drain 
driver 26) and an active layer of the display pixel portion are 
constituted by polycrystalline silicon film 3 formed by the 
process according to the present embodiment. The display 
pixel portion has a plurality of display electrodes 20 
arranged in a matrix. Display electrodes 20 are connected by 
signal interconnection 40. Gate driver 25 and drain driver 26 
are also each connected to Signal interconnection 40. 
0080 FIG. 25 is a block configuration diagram of an 
LCD of active matrix type to which a TFT according to the 
first embodiment is applied. Referring to FIG. 25, each 
Scanning line (gate interconnection) G1 . . . Gn, Gn+1 . . . 
Gm and each data interconnection (drain interconnection 
)D1 . . . Dn, Dn+1 . . . Dm are arranged in a pixel portion 
24. Each gate interconnection and each drain interconnec 
tion interSect perpendicular to each other and pixel portion 
24 is provided at the interSection. Each gate interconnection 
is connected to gate driver 26 to receive a gate signal (a Scan 
Signal). Each drain interconnection is connected to drain 
driver (data driver) 27 to receive a data signal (a Video 
Signal). Gate driver 25 and drain driver 26 configure periph 
eral drive circuit portion 28. 
0081. An LCD in which pixel portion 24 and at least one 
of gate driver 25 and drain driver 26 are formed on the same 
Substrate is generally referred to as a driver-integrating (or 
driver-incorporating) LCD. It should be noted that gate 
driver 25 can be provided at both sides of pixel portion 24 
and that drain driver 27 can be provided at both sides of pixel 
portion 24. 
0082) In the LCD shown in FIG. 25, the TFT formed of 
the polycrystalline Silicon film according to the first embodi 
ment is applied to not only a pixel driving element of pixel 
portion 24 but also a Switching elements of peripheral drive 
circuit 28. In manufacturing it, a TFT used for pixel portion 
24 and a TFT used for peripheral drive circuit portion 28 are 
formed on a Same Substrate in parallel. It should be noted 
that TFT including the polycrystalline silicon film of periph 
eral drive circuit portion 28 adopts the normal Single drain 
Structure rather than LDD Structure, although it may adopt 
LDD Structure. 

0083. Furthermore, if the TFT of polycrystalline silicon 
film of peripheral drive circuit portion 28 is formed in 
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CMOS configuration, a TFT forming region can be reduced, 
which can in turn reduce gate driver 25 and drain driver 26 
forming regions to contemplate high integration. 
0084 FIG. 26 shows a circuit equivalent to a pixel 
portion provided at a perpendicular interSection of gate 
interconnection Gn and drain interconnection Dn. Referring 
to FIG. 26, pixel portion 24 is configured of a TFT as a pixel 
driving element, a liquid crystal cell LC, and an auxiliary 
capacitance Cs. Gate interconnection Gn is connected to the 
gate of the TFT, and drain interconnection Dn is connected 
to the drain of the TFT. The source of the TFT is connected 
to display electrode (pixel electrode) 20 of liquid crystal cell 
LC and to auxiliary capacitance electrode (storage electrode 
or load capacitance electrode) 17. 
0085 Liquid crystal cell LC and auxiliary capacitance Cs 
configure a signal Storage element. A common electrode 21 
(an electrode opposite to display electrode 20) of liquid 
crystal cell LC receives a voltage Vcom. An electrode 50 of 
auxiliary capacitance Cs that is opposed to the electrode 
connected to the Source of the TFT (i.e., an opposite elec 
trode) receives a constant voltage VR. Common electrode 21 
of liquid crystal cell LC is a common electrode with respect 
to all pixel portions 24. ElectroStatic capacitance is formed 
between display electrode 20 and common electrode 21 of 
liquid crystal cell LC. It should be noted that opposite 
electrode 50 in auxiliary capacitance CS can be connected to 
the adjacent gate interconnection Gn+1. 
0086. In operation, the TFT in pixel portion 24 config 
ured as described above is turned on when a positive voltage 
is applied to gate interconnection Gn and hence to the gate 
of the TFT. In this State, the electric charge corresponding to 
a data Signal provided to drain interconnection Dn is charged 
in the electrostatic capacitance of liquid crystal LC and in 
auxiliary capacitance Cs. The TFT is turned off when a 
negative Voltage is applied to gate interconnection Gn and 
hence to the gate of the TFT. In this state, a voltage which 
has been applied to drain interconnection Dn is held by the 
electroStatic capacitance of liquid crystal cell LC and in 
auxiliary capacitance Cs. Thus, a data Signal to be written 
into pixel portion 24 can be provided to the drain intercon 
nection and the Voltage of the gate interconnection can be 
controlled to hold any data Signal in pixel portion 24. In 
response to the data Signal held in pixel portion 24, the 
transmissitivity of liquid crystal cell LC is changed to 
display an image. 

0087 Second Embodiment 
0088 A manufacturing process according to a second 
embodiment will now be described with reference to FIGS. 
27 and 28. According to the manufacturing process of the 
Second embodiment, an offset structure is formed in a TFT 
formed by the manufacturing method according to the first 
embodiment shown in FIGS. 8-12. Such a formation of an 
offset Structure does not include the impurity injection at the 
tenth step of the first embodiment shown in FIG. 10 but 
impurity injection after the formation of Sidewall 12, as 
shown in FIG. 27, to form lightly doped regions 10 and 11. 
Then, a resist film 30 is formed to coversidewall 12 and gate 
electrode 8 and then resist film 30 is used as a mask to 
implant an impurity to form heavily doped regions 14 and 
15. This process allows an offset structure to be readily 
formed in a TFT with the Superior characteristics described 
in the first embodiment. 
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0089. Third Embodiment 
0090 While the first and second embodiments have each 
described a process for manufacturing a TFT oftop gate type 
in which gate electrode 8 is positioned above polycrystalline 
silicon film 3, the third embodiment will describe a process 
for manufacturing a TFT of bottom gate type in which a gate 
electrode is positioned below a polycrystalline Silicon film. 
0091. As shown in FIG. 29, a gate electrode 8 is first 
formed on transparent insulating Substrate 1. Interlayer 
insulating film 6 is formed to cover gate electrode 8. 
Amorphous Silicon film 2 is deposited on interlayer insu 
lating film 6 by the LPCVD method with disilane gas 
(SiH) used as a material gas in approximately 450 C. to 
have a film thickness of approximately 100 nm. 
0092. Then, amorphous silicon film 2 is annealed by solid 
phase crystallization in approximately 600 C. for approxi 
mately 20 hours, to be polycrystalline. Thus, polycrystalline 
Silicon film 3 is formed having a film thickness of approxi 
mately 90 nm, as shown in FIG. 30. 
0093. Then, as shown in FIG.31, dry oxidation is applied 
to a Surface of polycrystalline Silicon film 3 in an O. ambient 
of approximately 1050 C. for approximately 30 minutes to 
form silicon dioxide film 4 of approximately 30 nm in film 
thickness. In this State, polycrystalline Silicon film 3 has had 
a film thickness of approximately 50 nm to 60 nm. 
0094. Then, a hydrofluoric acid based etchant is used to 
wet-etch and remove Silicon dioxide film 4 to expose a 
surface of polycrystalline silicon film 3, as shown in FIG. 
32. The oxidation of a surface of polycrystalline silicon film 
3 to form silicon dioxide film 4 and the Subsequent removal 
of silicon dioxide film 4 can improve the crystallinity of 
polycrystalline silicon film 3, which will serve as an active 
layer of a TFT, 
0.095 Then, as shown in FIG.33, a surface of polycrys 
talline silicon film (active layer) 3 is irradiated with KrF 
excimer laser beam with a wavelength 2 of 248 nm for laser 
annealing. The conditions for the radiation are the same as 
those applied in the fifth step of the first embodiment shown 
in FIG. 5. Various types of high energy beam other than Krf 
excimer laser beam can also be used, as in the first embodi 
ment. 

0096. Then, a rapid heat treatment according to the RTA 
method is provided, as shown in FIG. 34. The heat treatment 
is provided at a temperature of approximately 900 C. to 
approximately 1100° C. in a N. ambient for one to ten 
Seconds with Xe arc lamp used as a heat Source. Although 
the heating according to the RTA method is provided at high 
temperature, it is finished in an extremely short period of 
time. Thus, disadvatanges can be prevented, Such as trans 
parent insulating Substrate 1 deformed while crystal defect 
of polycrystalline silicon film 3 is reduced by the high 
temperature heat treatment. 
0097. Then, polycrystalline silicon film 3 which has been 
Subjected to the laser radiation and the heat treatment is 
patterned by photolithography and dry etching to obtain a 
polycrystalline silicon film 3 in the shape as shown in FIG. 
35. 

0098. Then, as shown in FIG. 36, a resist film 32 is 
formed on a predetermined portion of polycrystalline Silicon 
film 3. Resist film 32 is then used as a mask to ion-implant 
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an impurity into polycrystalline Silicon film 3 to form 
heavily doped regions 14 and 15. Resist 32 is then removed. 
0099] Then, as shown in FIG. 37, interlayer insulating 
film 33 is formed to cover polycrystalline silicon film 3 and 
interlayer insulating film 6. Then, as shown in FIG. 38, a 
contact hole is formed in a region of interlayer insulating 
film 33 that is positioned on each of heavily doped regions 
14 and 15, and then an AlSi film, which will serve as 
Source/drain electrode 18, is formed to fill the contact hole 
and extend on interlayer insulating film 33. The AlSi film is 
then patterned to form source/drain electrode 18 as shown in 
FIG. 39. 

0100. It should be noted that according to the third 
embodiment, polycrystalline Silicon film 3 is Subjected to 
laser radiation followed by heat treatment so that a multi 
plier effect of the improvement in crystallinity by the laser 
radiation and the improvement in Surface roughneSS by the 
heat treatment can be obtained. Accordingly, the field-effect 
mobility of a TFT formed can be improved and the drain 
current of the TFT can thus be increased. 

0101. In the laser radiation step shown in FIG. 33, the 
laser radiation may be provided while transparent insulating 
Substrate 1 is heated. This allows the Surface roughness of 
polycrystalline silicon film 3 to be further reduced and thus 
the field-effect mobility (the drain current) of the TFT to be 
further increased. 

0102 FIG. 40 is a cross section of an LCD including a 
TFT formed by the manufacturing proceSS according to the 
third embodiment. The LCD shown in FIG. 40 differs from 
that shown in FIG. 24 only in that the LCD shown in FIG. 
40 employs a TFT of bottom gate type. The use of a TFT 
with large field-effect mobility (i.e., large drain current) in an 
LCD allows rapid operation of the drive circuit portion as 
well as the high definition and high density of the pixel 
portion. 

0103). It should be noted that while amorphous semicon 
ductor film 2 in the first to third embodiments is amorphous 
Silicon film, it may be an amorphous Semiconductor film of 
Selenium (Se), germanium (Ge), gallium arsenide (GaAs) or 
gallium nitride (GaN). 
0104. While the high energy beam in the first to third 
embodiments is excimer laser, it may be xenon (Xe) arc 
lamp. It should be noted, however, that eXcimer laser is 
preferably used when amorphous Silicon film is used as 
amorphous Semiconductor film 2, Since excimer laser is 
absorbed more. 

0105 While the technique of rendering amorphous semi 
conductor film 2 polycrystalline employed in the first to 
third embodiments is Solid phase crystallization, it may be 
melting recrystalization method. Silicon dioxide film 4 
formed on a surface of polycrystalline silicon film 3 may be 
formed by wet oxidation. 
0106 Fourth Embodiment 
0.107) A process for manufacturing a TFT according to a 
fourth embodiment will now be described with reference to 
FIGS. 41-49. The manufacturing process according to the 
fourth embodiment provides laser radiation and heat treat 
ment, as in the manufacturing processes according to the 
first to third embodiments. However, while the first to third 
embodiments employ Solid phase crystalization, the fourth 
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embodiment provides laser radiation to crystalize amor 
phous silicon film 2 into polycrystalline silicon film 3, which 
will be described below more specifically. 
0108 FIG. 41 shows a first step in which amorphous 
Silicon film 2 is formed on transparent insulating Substrate 1 
of glass or quartz glass by the LPCVD method with SiH, 
used as a material gas in 450° C. So that amorphous silicon 
film 2 has a film thickness of approximately 100 nm. Plasma 
chemical vapor deposition (P-CVD) may be employed to 
form amorphous silicon film 2 in approximately 300° C. So 
that amorphous Silicon film 2 has a film thickness of 
approximately 100 nm. 

0109 FIG. 42 shows a second step in which a surface of 
amorphous Silicon film 2 is irradiated with excimer laser to 
provide laser annealing 4 to change amorphous Silicon film 
2 to polycrystalline silicon film 3, which will serve as an 
active layer of a TFT. 
0110 FIG. 43 shows a third step in which a rapid heat 
treatment is provided according to RTA method. The heat 
treatment is provided at a temperature of approximately 
900° C. to approximately 1100° C. (preferably, approxi 
mately 950° C. to approximately 1100° C.) in a Nambient 
for one to ten Seconds with a Xe arc lamp used as a heat 
Source. Although the heating according to the RTA method 
is provided at high temperature, it can be finished in an 
extremely short period of time. Accordingly, deformation of 
transparent insulating Substrate 1 can be effectively pre 
vented while crystal defect of polycrystalline silicon film 3 
or the like is reduced by the high-temperature heat treatment. 
In place of the rapid heat treatment according to the RTA 
method, transparent insulating Substrate 1 may be inserted 
into an electric furnace and Subjected to a heat treatment in 
a Nambient at approximately 1050 C. for two hours. 
0111. After the heat treatment described above, polycrys 
talline Silicon film 3 is patterned by photolithography and 
dry etching to form a polycrystalline Silicon film 3 patterned 
as shown in FIG. 44. 

0112 FIG. 45 shows a fifth step in which the LPCVD 
method is employed to form a low-temperature oxide (LTO) 
film or Silicon oxide film as gate insulating film 6 to cover 
the patterned polycrystalline silicon film 3. The LPCVD 
method is employed at a Substrate temperature of approxi 
mately no more than 500° C. The PCVD method may be 
employed at a Substrate temperature of approximately no 
more than 500 C. to form a silicon oxide film which will 
Serve as gate insulating film 6. 
0113 Polycrystalline silicon film 7 doped with phospho 
rus is then formed on gate insulating film 6 by the LPCVD 
method, although polycrystalline Silicon film 7 is not nec 
essarily doped with phosphorus. 

0114. Then, photolithography and a dry etching tech 
nique according to the RIE method are used to pattern gate 
insulating film 6 and polycrystalline silicon film 7 to form 
gate insulating film 6 and gate electrode 8 of polycrystalline 
silicon film patterned as shown in FIG. 46. 
0115 FIG. 47 shows a seventh step in which an impurity 
is implanted in an exposed portion of polycrystalline Silicon 
film 3 and the upper surface of gate electrode 8. The 
implanted impurity is then activated by a heat treatment. The 
impurity is arsenic (AS) or phosphorus (P) for n type and the 
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conditions for the implantation are approximately 80 keV 
and approximately 3x10" cm'. For a p-type impurity to be 
implanted, boron (B) is used and the conditions for the 
implantation thereof are approximately 30 keV and approxi 
mately 1.5x10" cm. Lightly doped regions 10 and 11 are 
thus formed as shown in FIG. 47. 

0116. In an eighth step, an insulating film (not shown) is 
formed by atmospheric pressure CVD (APCVD) on trans 
parent insulating Substrate 1 to cover polycrystalline Silicon 
film 3 and gate electrode 8. The insulating film is then 
anisotropically etched back at the entire Surface to form 
Sidewall 12 of the insulating film on a Side Surface of gate 
electrode 8 and gate insulating film 6, as shown in FIG. 48. 

0117 FIG. 49 shows a ninth step in which sidewall 12 is 
used as a mask to implant an impurity in polycrystalline 
silicon film 3 to form heavily doped regions 14 and 15 in 
Self-alignment. 
0118. The impurity implanted in forming heavily doped 
regions 14 and 15 is phosphorus ions for n type. The 
conditions for the implantation are approximately 80 keV 
and approximately 3x15 cm. In this state, an electric 
furnace is also used to provide a heat treatment So that the 
impurity is activated. The heat treatment is provided at 
approximately 850 C. for approximately 30 minutes at a Na 
gas flow rate of approximately 5 l/min. 

0119) The heat treatment may be a rapid heat treatment 
according to the RTA method and is provided at a tempera 
ture of approximately 700° C. to approximately 950° C. in 
a Nambient for one to three Seconds with a Xe arc lamp 
used as a heat Source. Although the heating according to the 
RTA method is provided at high temperature, it is finished in 
an extremely short period of time. Accordingly, deformation 
of transparent insulating Substrate 1 can be prevented while 
crystal defect of polycrystalline silicon film 3 or the like is 
reduced by high-temperature heat treatment. Thus, a Source/ 
drain region is formed having a LDD structure formed of 
lightly doped regions 10 and 11 and heavily doped regions 
14 and 15. 

0120 A TFT with a polycrystalline silicon film as an 
active layer is thus formed by the above process. 

0121 The laser radiation in the second step shown in 
FIG. 42 is provided under similar conditions to the laser 
radiation in the fifth step of the first embodiment shown in 
FIG. 5, and can employ various types of high energy beam 
other than KrE excimer laser beam, as in the first embodi 
ment. Furthermore, high throughput laser radiation is used, 
as in the first embodiment. 

0122) Whichever beam is used, the grain size of poly 
crystalline Silicon film 3 is increased in proportion to radia 
tion energy density and the frequency of the radiation. 
Accordingly, energy density and the frequency of the radia 
tion are adjusted to obtain a desired grain size. 

0123 Fifth Embodiment 
0.124. A process for manufacturing a TFT according to a 
fifth embodiment will now be described with reference to 
FIGS. 50-55. The manufacturing process according to the 
fifth embodiment is basically similar to that of the fourth 
embodiment. However, the fifth embodiment differs from 
the fourth embodiment in that the heat treatment after the 
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laser radiation is provided after the formation of polycrys 
talline silicon film 7, the details of which will now be 
described below. 

0.125. In a first step, amorphous silicon film 2 is formed 
on transparent insulating Substrate 1 of glass or quartz glass 
by the LPCVD method in approximately 450° C. with 
disilane gas (SiH) used as a material gas, as shown in FIG. 
50. Amorphous silicon film 2 is formed to have a film 
thickness of approximately 100 nm. 
0.126 Amorphous silicon film 2 may be formed by 
plasma chemical vapor deposition (P-CVD) in approxi 
mately 300° C. to have a film thickness of approximately 
100 nm. 

0127. In a second step, a surface of amorphous silicon 
film 2 is irradiated with excimer laser for laser annealing to 
change amorphous Silicon film 2 into polycrystalline Silicon 
film 3 as shown in FIG. 51. Polycrystalline silicon film 3 
will serve as an active layer of a TFT. 
0128. In a third step, polycrystalline silicon film 3 is 
patterned by photolithography and dry etching to form a 
polycrystalline silicon film 3 as shown in FIG. 52 at a TFT 
forming position. 
0129. In a fourth step, a low-temperature oxide (LTO) 
film or Silicon oxide film as gate insulating film 6 is formed 
on polycrystalline silicon film 3 by the LPCVD method at a 
substrate temperature of approximately no more than 500 
C., as shown in FIG. 53. Gate insulating film 6 may be a 
silicon oxide film formed by the PCVD method (at a 
substrate temperature of approximately no more than 500 
C.). 
0130. Then, polycrystalline silicon film 7 doped with 
phosphorus is formed on gate insulating film 6 by the 
LPCVD method, although polycrystalline silicon film 7 is 
not necessarily doped with phosphorus. 
0131. In a fifth step, a rapid heat treatment according to 
the RTA method is provided, as shown in FIG. 54. The heat 
treatment is provided at a temperature of approximately 
900° C. to approximately 1100° C. (preferably, approxi 
mately 950° C. to approximately 1100° C.) in a Nambient 
for one to ten Seconds with a Xe arc lamp used as a heat 
Source. Although the heating according to the RTA method 
is provided at high temperature, it is finished in an extremely 
Short period of time. Accordingly, deformation of transpar 
ent insulating Substrate 1 can be effectively prevented while 
crystal defect of polycrystalline silicon film 3 or the like is 
reduced by high-temperature heat treatment. 
0.132. In place of the heat treatment according to the RTA 
method, an electric furnace may be used to provide a heat 
treatment in a N. ambient at approximately 1050° C. for 
approximately two hours. 
0.133 Subsequent six to ninth steps are similar to those 
shown in FIGS. 46-49 according to the fourth embodiment 
and thus a description thereof is not repeated here. 
0134. According to the above process, a TFT can be 
formed having polycrystalline Silicon film 3 as an active 
layer. 

0135 An effect of the heat treatment in the third step of 
the fourth embodiment and the heat treatment in the fifth 
step of the fifth embodiment will now be described. FIG. 55 
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is a graph representing roughnesses of a Surface of poly 
crystalline silicon film with and without a heat treatment 
applied after polycrystalline Silicon film 3 as an active layer 
is subjected to laser radiation. In FIG.55, the horizontal axis 
represents laser radiation density and the vertical axis rep 
resents the roughness of a Surface of polycrystalline Silicon 
film 3. As shown in FIG. 55, the roughness of the surface is 
approximately 1.0 nm after amorphous Silicon is Subjected 
to laser radiation to be polycrystalline. With radiation den 
sity changed, the Surface roughness in the example with a 
heat treatment peaks at approximately 2.5 nm, whereas the 
Surface roughness in the example without a heat treatment is 
increased to approximately 6.7 nm. 
0.136 Thus, the provision of a heat treatment after the 
laser radiation for polycrystalization of amorphous Silicon 
layerS 2 Serving as an active layer can reduce the Surface 
roughness of polycrystalline Silicon film 3. Since the laser 
radiation improves crystallinity and the heat treatment after 
the laser radiation reduces the Surface roughness of poly 
crystalline silicon film 3, the field-effect mobility of a TFT 
formed and hence the drain current of the TFT can be 
increased. Use of such a TFT in an LCD allows rapid 
operation of the drive circuit portion and the high definition 
and high density of the pixel portion. 
0137 FIG. 56 represents a correlation between the field 
effect mobility of carrier in a polycrystalline silicon film and 
excimer laser radiation energy density after provision of the 
heat treatment following the laser radiation. In FIG. 56, as 
excimer laser radiation energy density is increased, field 
effect mobility is also increased, peaks with an energy 
density of approximately 300 to 325 m.J/cm and thereafter 
is gradually decreased. Such a peak is resulted from a 
traded-off relationship between the improvement in crysta 
linity by excimer laser radiation and Surface roughness. The 
relationship between the improvement in crystallinity and 
Surface roughness is best maintained around the peak and 
good field-effect mobility can thus be obtained. 
0.138. It should be noted that the energy density at the 
peak shown in FIG. 56 (approximately 300 to 325 m.J/cm') 
is different from the energy density at the peak shown in 
FIG.22 (approximately 250 m.J/cm), since both the heating 
during the laser radiation and the heating after the laser 
radiation are provided in FIG. 22, whereas only the heating 
after the laser radiation is provided in FIG. 56. 
0139 Sixth Embodiment 
0140. A process for manufacturing a TFT according to a 
sixth embodiment will now be described with reference to 
FIGS. 57 and 58. The sixth embodiment describes that an 
offset structure is formed in the seventh to ninth steps 
(shown in FIGS. 47-49) of the fourth and fifth embodiments. 
More specifically, as shown in FIG. 57, the impurity ion 
implantation for forming lightly doped regions 10 and 11 is 
provided after the formation of sidewall 12. Then, as shown 
in FIG. 58, resist film 30 is formed to cover sidewall 12 and 
gate electrode 8. Resist film 30 is then used as a mask to 
ion-implant an impurity into polycrystalline Silicon film 3 to 
form heavily doped regions 14 and 15. A TFT of an offset 
Structure can be readily formed by Such a process. In the 
Sixth embodiment also, laser radiation is provided in form 
ing polycrystalline Silicon film 3 and a heat treatment is then 
provided so that a TFT of high field-effect mobility can be 
formed, as in the fourth and fifth embodiments. 
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0141) Seventh Embodiment 
0142. A process for manufacturing a TFT according to a 
Seventh embodiment will now be described with reference to 
FIGS. 59-61. The Seventh embodiment describes that Side 
wall 12 is not provided in the manufacturing process accord 
ing to the fourth embodiment shown in FIGS. 46-49. 
0143 According to the seventh embodiment, the struc 
ture shown in FIG. 46 is first formed by a manufacturing 
proceSS Similar to that according to the fourth embodiment 
shown in FIGS. 41-46. Then, as shown in FIG. 59, an 
impurity is implanted in an exposed portion of polycrystal 
line Silicon film 3 and the upper Surface of gate electrode 8. 
Then, a heat treatment is provided to activate the impurity. 
The impurity is arsenic (AS) or phosphorus (P) for n-type 
impurity. The conditions for the implantation are approxi 
mately 80 keV and approximately 3x10" cm. Boron (B) is 
used for a p-type impurity. The conditions for the implan 
tation thereof are approximately 30 keV and approximately 
1.5x10" cm°. Thus, lightly doped regions 10 and 11 are 
formed. 

0144) Then, resist 31 is formed as shown in FIG. 60 to 
cover gate electrode and a portion of lightly doped regions 
10 and 11. 

0145 Then, as shown in FIG. 61, resist 31 is used as a 
mask to ion-implant an impurity into polycrystalline Silicon 
film 3 to form heavily doped regions 14 and 15. Resist 31 is 
then removed. An impurity for forming heavily doped 
regions 14 and 15 is phosphorus ions for a n-type impurity 
and the conditions for the implantation are approximately 80 
keV and approximately 3x10" cm. In this state, electric 
furnace is also used to provide a heat treatment to activate 
the impurity. The heat treatment is provided at approxi 
mately 850 C. for 30 minutes at a N gas flow rate of 
approximately 5 l/min. Thus, a Source/drain region is formed 
having a LDD structure formed of lightly doped regions 10 
and 11 and heavily doped regions 14 and 15. 
0146 Eighth Embodiment 
0147 A process for manufacturing a TFT according to an 
eighth embodiment will now be described with reference to 
FIGS. 62-69. While the fourth to Seventh embodiments have 
described processes for manufacturing TFTs of top gate type 
in which gate electrode 8 is positioned above polycrystalline 
silicon film 3, the eighth embodiment will describe a process 
for manufacturing a TFT of bottom gate type in which gate 
electrode 8 is positioned below polycrystalline silicon film 
3. The basic manufacturing proceSS with respect to laser 
radiation and heat treatment is almost Similar to that of the 
fourth embodiment. The process will now be more specifi 
cally described below. 
0148 First, as shown in FIG. 62, gate electrode 8 is 
formed on transparent insulating Substrate 1 of glass or 
quartz glass and gate insulating film 6 is then formed to 
cover gate electrode 8. Amorphous Silicon film 2 is formed 
on gate insulating film 6 by the LPCVD method or the 
P-CVD method so that amorphous silicon film 2 has a film 
thickness of approximately 100 nm. 
014.9 Then, a surface of amorphous silicon film 2 is 
irradiated with excimer laser for laser annealing to change 
amorphous Silicon film 2 into polycrystalline Silicon film 3 
as shown in FIG. 63, which will serve as an active layer of 
a TFT. 
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0150. In a third step, a rapid heat treatment is provided 
according to the RTA method, as shown in FIG. 64. The heat 
treatment is provided at a temperature of approximately 
900 C. to approximately 1110 C., preferably, approxi 
mately 950° C. to 1100° C., in a Nambient for one to ten 
Seconds with Xe arc lamp used as a heat Source. Although 
the heating according to the RTA method is provided at high 
temperature, it is finished in an extremely short period of 
time. Accordingly, deformation of transparent insulating 
substrate 1 is prevented while crystal defect of polycrystal 
line silicon film 3 or the like is reduced by high-temperature 
heat treatment. In place of the heat treatment according to 
the RTA method, transparent insulating Substrate 1 may be 
inserted into an electric furnace to provide a heat treatment 
in a N. ambient at approximately 1050 C. for approxi 
mately two hours. 
0151. Then, polycrystalline silicon film 3 is patterned by 
photolithography and dry etching to form a polycrystalline 
silicon film 3 as shown in FIG. 65 at a TFT forming 
location. 

0152 Then, as shown in FIG. 66, resist 32 is formed on 
polycrystalline Silicon film 3 at a predetermined region and 
is then used as a mask to ion-implant an impurity into 
polycrystalline Silicon film 3 to form heavily doped regions 
14 and 15. 

0153. Then, as shown in FIG. 67, interlayer insulating 
film 33 is formed to cover polycrystalline silicon film 3 and 
gate insulating film 6. Then, a contact hole is opened, as 
shown in FIG. 68, at a region of interlayer insulating film 3 
that is positioned on each of heavily doped regions 14 and 
15. An AlSi film, which will serve as Source/drain electrode 
18, is formed to fill the contact hole and extend on interlayer 
insulating film 33. The AlSi film is then patterned to form 
Source/drain electrode 18 as shown in FIG. 69. A TFT of 
bottom gate type can thus be formed. In the TFT of bottom 
gate type according to the eighth embodiment also, laser 
radiation improves the crystallinity of polycrystalline Silicon 
film 3 and the heat treatment after the laser radiation reduces 
the Surface roughness of the polycrystalline Silicon film. 
Accordingly, the field-effect mobility of the TFT and hence 
the drain current of the TFT can be increased. It should be 
noted that application of Such a TFT of bottom gate type to 
an LCD results in a structure similar to that shown in FIG. 
40. Furthermore, such an application of the TFT according 
to the eighth embodiment to an LCD allows a faster drive 
circuit portion of the LCD and the high definition and high 
density of the pixel portion. 
0154 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A method of manufacturing a Semiconductor device, 

comprising the Steps of: 

forming a Semiconductor layer on a Substrate, 
radiating high energy beam toward Said Semiconductor 

layer; and 
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providing a heat treatment under a temperature condition 
capable of reducing a roughness of a Surface of Said 
Semiconductor layer. 

2. The method of manufacturing a Semiconductor device 
according to claim 1, wherein Said heat treatment is provided 
at a temperature of 900° C. to 1100° C. 

3. The method of manufacturing a Semiconductor device 
according to claim 1, wherein Said heat treatment is provided 
by rapid thermal annealing. 

4. The method of manufacturing a Semiconductor device 
according to claim 1, wherein: 

Said Step of forming Said Semiconductor layer includes 
forming a polycrystalline Semiconductor layer by poly 
crystallization of an amorphous Semiconductor layer by 
Solid phase crystalization; and 

Said Step of radiating Said high energy beam includes 
radiating Said high energy beam toward Said polycrys 
talline Semiconductor layer. 

5. The method of manufacturing a Semiconductor device 
according to claim 4, wherein Said high energy beam is 
radiated while Said polycrystalline Semiconductor layer is 
heated. 

6. The method of manufacturing a Semiconductor device 
according to claim 5, wherein Said polycrystalline Semicon 
ductor layer is heated in a temperature of no less than 100 
C. 

7. The method of manufacturing a Semiconductor device 
according to claim 4, wherein a Surface of Said polycrystal 
line Semiconductor layer is oxidized to form an oxide film 
and said oxide film is removed to expose a Surface of Said 
polycrystalline Semiconductor layer prior to the radiation of 
Said high energy beam, and then Said exposed polycrystal 
line Semiconductor layer is irradiated with Said high energy 
beam. 

8. The method of manufacturing a Semiconductor device 
according to claim 1, wherein: 

Said Step of forming Said Semiconductor layer includes 
forming an amorphous Semiconductor layer on Said 
Substrate; and 

Said Step of radiating Said high energy beam includes 
forming a polycrystalline Semiconductor layer by poly 
crystalization of Said amorphous Semiconductor layer 
through radiation of Said high energy beam. 

9. The method of manufacturing a semiconductor device 
according to claim 8, wherein Said heat treatment is provided 
immediately after the radiation of Said high energy beam. 

10. The method of manufacturing a semiconductor device 
according to claim 8, wherein Said heat treatment is provided 
after Successive formation of an insulating film and a 
polycrystalline Silicon film on Said polycrystalline Semicon 
ductor layer following the radiation of Said high energy 
beam. 
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11. The method of manufacturing a Semiconductor device 
according to claim 8, wherein Said heat treatment includes 
rapid thermal annealing. 

12. The method of manufacturing a Semiconductor device 
according to claim 1, wherein Said high energy beam 
includes one of laser and Xenon arc lamp. 

13. The method of manufacturing a Semiconductor device 
according to claim 1, wherein Said Semiconductor layer 
includes a Silicon layer. 

14. The method of manufacturing a Semiconductor device 
according to claim 1, wherein Said Semiconductor layer 
includes an active layer of a thin film transistor. 

15. The method of manufacturing a semiconductor device 
according to claim 1, wherein a gate electrode is formed on 
Said Semiconductor layer with a gate insulating film inter 
posed therebetween after the formation of Said Semiconduc 
tor layer. 

16. The method of manufacturing a Semiconductor device 
according to claim 1, wherein Said Semiconductor layer is 
formed on a gate electrode formed on Said Substrate with a 
gate insulating film interposed therebetween. 

17. A method of manufacturing a Semiconductor device, 
comprising the Steps of: 

forming an amorphous Semiconductor layer on an insu 
lating Substrate; 

forming a polycrystalline Semiconductor layer by poly 
crystalization of Said amorphous Semiconductor layer 
by Solid phase crystallization; 

radiating high energy beam toward Said polycrystalline 
Semiconductor layer; and 

then providing a heat treatment under a temperature 
condition capable of reducing a Surface roughness of 
Said polycrystalline Semiconductor layer. 

18. The method of manufacturing a semiconductor device 
according to claim 17, wherein Said high energy beam is 
radiated while Said polycrystalline Semiconductor layer is 
heated. 

19. A method of manufacturing a Semiconductor device, 
comprising the Steps of: 

forming an amorphous Semiconductor layer on an insu 
lating Substrate; 

forming a polycrystalline Semiconductor layer by poly 
crystalization of Said amorphous Semiconductor layer 
through radiation of high energy beam; and 

then providing a heat treatment under a temperature 
condition capable of reducing a Surface roughness of 
Said polycrystalline Semiconductor layer. 


