
US 20020048869A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0048869 A1 
(19) United States 

GOSAIN et al. (43) Pub. Date: Apr. 25, 2002 

(54) METHOD OF FORMING SEMICONDUCTOR 
THIN FILM AND PLASTIC SUBSTRATE 

(76) Inventors: DHARAM PAL GOSAIN, TOKYO 
(JP); JONATHAN WESTWATER, 
KANAGAWA (JP); MIYAKO 
NAKAGOE, KANAGAWA (JP); 
SETSUO USUI, KANAGAWA (JP); 
KAZUMASA NoMoTo, 
KANAGAWA (JP) 

Correspondence Address: 
SONNENSCHEIN NATH & ROSENTHAL 
P.O. BOX 061080 
WACKER DRIVE STATION 
CHICAGO, IL 60606-1080 (US) 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/116,119 

(22) Filed: Jul. 16, 1998 

(30) Foreign Application Priority Data 

Jul. 16, 1997 (JP) ........................................... .. 9-191538 

Jan. 23, 1998 (JP) ......................................... .. 10-011496 

Publication Classi?cation 

nt. . .......................... .. ; ; 51 I C]7 H01L 21/00 C30B 1/00 
H01L 21/20; H01L 21/84; 

H01L 21/36 
(52) US. Cl. ......................... .. 438/166; 438/149; 438/487 

(57) ABSTRACT 

A method is provided for forming a semiconductor thin ?lm 
Which is free from damage to the ?lm With radiation of a 
pulse laser beam With the optimum energy value for perfect 
polycrystalliZation. For forming an amorphous silicon thin 
?lm, a surface of a plastic substrate as a base and insulating 
layers are each radiated With a pulse laser beam for remov 
ing volatile contaminants like a resist as a pretreatment. 
Damage to the ?lm caused by a gas emitted from the base 
substrate and the insulating layers resulting from volatile 
contaminants is thus prevented. A protective layer including 
a gas barrier layer and a refractory buffer layer is formed on 
the substrate. Gas penetration from the substrate to the 
amorphous silicon ?lm is thereby prevented. Conduction of 
heat produced by energy beam radiation to the substrate is 
prevented as Well. It is possible to increase energy intensity 
of energy beam radiated for polycrystalliZation of the amor 
phous silicon ?lm to the optimal value for perfect polycrys 
talliZation. 
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METHOD OF FORMING SEMICONDUCTOR THIN 
FILM AND PLASTIC SUBSTRATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of form 
ing a semiconductor thin ?lm including a process of clean 
ing a surface of semiconductor substrate or an insulating 
substrate made of glass, plastic and the like or a surface of 
thin ?lm formed on such a substrate. In particular, the 
invention relates to a method of forming a semiconductor 
thin ?lm Wherein polycrystalliZation of amorphous ?lms is 
performed through energy beam radiation as in a step of 
manufacturing thin ?lm transistors (TFT) used in liquid 
crystal displays (LCD) and so on. The invention further 
relates to a plastic substrate applied to the method. 

[0003] 2. Description of the Related Art 

[0004] A TFT is used as a device having a sWitching 
function in a TFT liquid crystal display. The TFT is formed 
on a substrate, corresponding to each pixel of the liquid 
crystal display. TFTs made of amorphous silicon (Si) and 
those made of polycrystalline silicon are available. A high 
quality polysilicon TFT is fabricated on a substrate at a loW 
temperature through crystalliZation of an amorphous silicon 
by radiating an energy beam such as an excimer laser beam, 
in particular. A pixel sWitching device and periphery cir 
cuitry of a liquid crystal display is formed on a single 
substrate, using such a poly-silicon TFT. A TFT having a 
bottom gate structure has particularly received attention 
because of its stable properties among polysilicon TFTs. 

[0005] A bottom gate TFT has a con?guration as folloWs, 
for example. A gate electrode of molybdenum tantalum 
(MoTa) is formed on a glass substrate. An oxide ?lm (Ta2O5) 
is formed over the gate electrode. A gate insulator made of 
silicon nitride (Si3N4) ?lm and silicon dioxide ?lm (SiO2) is 
formed on the glass substrate With the oxide ?lm. A thin 
poly-silicon ?lm is further formed on the silicon dioxide 
?lm. N-type impurities, for example, are introduced to the 
poly-silicon ?lm so as to form source and drain regions. On 
the poly-crystalline ?lm, a silicon dioxide ?lm is selectively 
formed, corresponding to a channel region in the poly 
silicon ?lm. An n+ doped poly-silicon ?lm is formed on the 
poly-silicon ?lm and the silicon dioxide ?lm. A source 
electrode and a drain electrode are further formed on the n+ 
doped poly-silicon ?lm. The source and drain electrodes are 
electrically connected to the source region and the drain 
region, respectively. 
[0006] The poly-silicon ?lm of the TFT having the con 
?guration described above may be fabricated through form 
ing an amorphous silicon ?lm, radiating the ?lm With an 
energy beam so as to melt and cooling the ?lm doWn to a 
room temperature. 

SUMMARY OF THE INVENTION 

[0007] In the steps such as polycrystalliZation of the 
amorphous silicon ?lm through energy beam radiation in a 
related-art manufacturing method, hoWever, the inventors of 
the invention have found that volatile contaminants depos 
ited on the base layer of the amorphous silicon ?lm may be 
vaporiZed through energy beam radiation. The amorphous 
silicon ?lm may be thereby partially damaged. 
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[0008] Such volatile contaminants include Water absorbed 
by a substrate surface or a surface of thin ?lm formed on a 
substrate exposed to the atmosphere in a device fabrication 
process and organic substances such as residual fragments of 
resist When etching is performed With a resist mask and dirt 
deposited during handling of a substrate. If such volatile 
contaminants are vaporiZed and a gas thereby released 
builds up betWeen the thin ?lm (amorphous silicon ?lm) and 
the base, the thin ?lm may be lifted off. 

[0009] In order to prevent such damage to the amorphous 
silicon ?lm, the energy value of an energy beam for radiation 
could be reduced to a value loWer than the optimum value 
for polycrystalliZation. HoWever, the crystal thereby 
obtained is imperfect and not fully polycrystalliZed. 

[0010] Besides glass, a substrate used for such a TFT may 
be a plastic. HoWever, since a plastic substrate has loW heat 
resistance, heat generated through energy beam radiation 
affects the substrate and causes a deformation of the sub 
strate and so on. It is therefore impossible to radiate the 
optimum energy beam and to obtain a perfect crystal. 

[0011] It is a ?rst object of the invention to provide a 
method of forming a semiconductor thin ?lm Which is free 
from damage to the ?lm and a substrate deformation With 
radiation of optimum energy beam for perfect crystalliZa 
tion. 

[0012] It is a second object of the invention to provide a 
plastic substrate optimal for fabrication of such a semicon 
ductor thin ?lm. 

[0013] A method of forming a semiconductor thin ?lm of 
the invention includes the steps of: removing contaminants 
deposited on a surface of a base layer on Which the semi 
conductor thin ?lm is formed, through pulse laser beam 
radiation; forming the semiconductor thin ?lm on the sur 
face of the base layer free of the contaminants; and crystal 
liZing the semiconductor thin ?lm. 

[0014] Another method of forming a semiconductor thin 
?lm of the invention includes the steps of: removing con 
taminants deposited on a substrate through pulse laser beam 
radiation; forming a gate electrode pattern on the substrate 
free of the contaminants; removing contaminants deposited 
on a surface of the gate electrode pattern through pulse laser 
beam radiation; forming an insulating layer on the gate 
electrode pattern; removing contaminants deposited on a 
surface of the insulating layer through pulse laser beam 
radiation; forming the semiconductor thin ?lm on the insu 
lating layer free of the contaminants; forming a source 
region and a drain region by selectively introducing impu 
rities to the semiconductor thin ?lm; and crystalliZing the 
semiconductor thin ?lm through energy beam radiation. 

[0015] Still another method of forming a semiconductor 
thin ?lm of the invention includes the steps of: forming a gas 
barrier layer for preventing penetration of a gas on a surface 
of a plastic substrate; forming a refractory buffer layer for 
preventing heat conduction on the gas barrier layer; forming 
the semiconductor thin ?lm on the refractory buffer layer; 
and performing heat treatment of the semiconductor thin 
?lm through energy beam radiation. 

[0016] A plastic substrate of the invention comprises a 
protective layer on a surface thereof The protective layer 
includes a gas barrier layer having a function of preventing 
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penetration of a gas and a refractory buffer layer of 1 pm or 
above in thickness having a function of preventing heat 
conduction. 

[0017] In the method of forming a semiconductor thin ?lm 
of the invention, volatile contaminants are removed through 
radiating the base layer With a pulse laser beam Whose 
Wavelength is 100 to 350 nm, for example, as a pretreatment. 
Damage to the ?lm due to vaporiZed contaminants deposited 
on the base layer surface is thereby prevented. As a result, 
the energy beam of the value optimal for polycrystalliZation 
is applicable in the step of crystalliZing the semiconductor 
thin ?lm 

[0018] In the other method of the invention, the refractory 
buffer layer betWeen the plastic substrate and the semicon 
ductor ?lm prevents heat produced through energy beam 
radiation from affecting the plastic substrate. The gas barrier 
layer prevents penetration of a gas from the plastic substrate 
to the semiconductor ?lm. 

[0019] The plastic substrate of the invention comprises the 
protective layer including the gas barrier layer and the 
refractory buffer layer. As a result, it is possible that the 
semiconductor ?lm is radiated With an energy beam of the 
optimal energy value. 

[0020] Other and further objects, features and advantages 
of the invention Will appear more fully from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1A, FIG. 1B, FIG. 1C and FIG. ID are cross 
sections for illustrating a method of forming a thin ?lm 
transistor of an embodiment of the invention. 

[0022] FIG. 2A, FIG. 2B and FIG. 2C are cross sections 
for illustrating the steps that folloW FIG. 1D. 

[0023] FIG. 3 is a cross section that folloWs FIG. 2C. 

[0024] FIG. 4 is a plot for indicating the relationship 
betWeen radiation energy for substrate cleaning and energy 
intensity applicable for polycrystalliZation of a semiconduc 
tor ?lm. 

[0025] FIG. 5 is a cross section for illustrating a function 
of a refractory buffer layer. 

[0026] FIG. 6 is a cross section for illustrating a function 
of a refractory buffer layer. 

[0027] FIG. 7 is a cross section for illustrating a function 
of a refractory buffer layer. 

[0028] FIG. 8 is a plot for indicating the relationship 
betWeen the thickness of the refractory buffer layer and a 
surface temperature (maximum temperature) of a plastic 
substrate. 

[0029] FIG. 9 is a plot for indicating temperature distri 
butions measured after a lapse of speci?c time at depths 
from a surface of an amorphous silicon ?lm When eXcimer 
laser beam radiation is performed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0030] Apreferred embodiment of the invention Will noW 
be described in detail With reference to the accompanying 
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draWings. The invention applied to a method of manufac 
turing a thin ?lm transistor Will be described. 

[0031] FIG. 1A to FIG. 1D, FIG. 2A to FIG. 2C and 
FIG. 3 shoW a method of forming a thin ?lm transistor of an 
embodiment of the invention in order of manufacturing step. 
First, initial cleaning is performed on a surface of a substrate 
11 made of plastic having a thickness of 200 pm, for 
eXample, With a neutral detergent and pure Water (H2O). 
NeXt, as shoWn in FIG. 1A, the substrate 11 is radiated With 
a UV pulse laser beam With energy in the range of 50 to 350 
mJ/cm2 for removing volatile contaminants such as Water 
and organic substances deposited on the substrate 11. With 
radiation of UV pulse laser beam, Water absorbs energy and 
rapidly rises in temperature. Water then evaporates. Organic 
substances absorb energy and store up vibration energy. 
Regular vibrations thereby produced alloW the substances to 
be discharged. (See AndreW C. Tam, Wing P. Leung, Werner 
Zapta and Winfrid Ziemlich, J. Appl. Phys., 71 (1992) p. 
3515 

[0032] It is preferable to use a short-Wavelength eXcimer 
laser such as KrF (resonance Wavelength of 248 nm), ArF 
(resonance Wavelength of 193 nm) and XeCl (resonance 
Wavelength of 308 nm). The substrate 11 may be made of 
plastic such as polyether sulfone (PES) and polymethyl 
methacrylate (PMMA). The embodiment of the invention is 
particularly effective for a plastic substrate Whose softening 
temperature is 250° C. or beloW. The embodiment may be 
applied to a plastic substrate having higher heat resistance. 
The substrate 11 is not limited to the one made of plastic but 
may be made of any other material such as quartZ (SiOZ). 

[0033] NeXt, as shoWn in FIG. 1B, a silicon nitride (SiNX) 
?lm of 50 nm in thickness, for eXample, as a gas barrier layer 
12 is formed on the substrate 11. The gas barrier layer 12 is 
formed through sputtering in a helium (He) atmosphere With 
an introduction of oXygen (O2), for eXample. NeXt, a silicon 
dioxide (SiO2) ?lm of 1 pm in thickness, for eXample, as a 
refractory buffer layer 13 is formed on the gas barrier layer 
12 through physical vapor deposition (PVD). UV pulse laser 
beam radiation described above may be further performed 
after the formation of the refractory buffer layer 13. Alter 
natively, radiation may be performed either before or after 
the layer formation. 

[0034] NeXt, as shoWn in FIG. 1C, a gate electrode 14 of 
tantalum (Ta) of 100 nm in thickness, for eXample, is formed 
on the refractory buffer layer 13 cleaned. That is, a tantalum 
?lm is formed on the refractory buffer layer 13 through 
sputtering, for eXample. Aphotoresist ?lm is then formed on 
the tantalum ?lm. The photoresist ?lm is patterned and the 
tantalum ?lm is etched With the photoresist ?lm as a mask. 
The resist ?lm is then lifted off so as to form the pattern of 
the gate electrode 14. NeXt, the surface of the gate electrode 
14 is cleaned With acetone or pure Water. The surface is 
further radiated With a UV pulse laser beam With energy in 
the range of 50 to 350 mJ/cm2 for removing fragments 15 of 
the photoresist. 

[0035] NeXt, as shoWn in FIG. ID, a silicon dioXide ?lm 
of 100 nm in thickness as an insulator 16a and a silicon 
nitride ?lm of 50 nm in thickness as an insulator 16b are 
stacked on the cleaned surface of the gate electrode 14. The 
insulators 16a and 16b are formed through sputtering in a 
helium atmosphere. The surface of the insulator 16b is 
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radiated With a UV pulse laser beam for cleaning. The 
stacked layers of the insulators 16a and 16b function as a 
gate insulator. 

[0036] Next, as shoWn in FIG. 2A, an amorphous silicon 
?lm 17 of 30 nm in thickness is formed on the cleaned 
surface of the insulator 16b through sputtering in a helium 
atmosphere, for example. On the amorphous silicon ?lm 17, 
an insulator 18 made of silicon dioxide of 100 nm in 
thickness is formed through sputtering in a helium atmo 
sphere, for example. A photoresist ?lm 19 is then applied 
over the surface of the insulator 18. An exposure 20 With a 
g-line (Wavelength of 436 nm) is then performed on the 
photoresist ?lm 19 from the underside of the substrate 11. 
With the gate electrode 14 as a mask, the photoresist ?lm 19 
having a thickness similar to that of the gate electrode 14 is 
formed in a self-aligned manner. 

[0037] Etching is then performed With the photoresist ?lm 
19 as a mask so as to leave the insulator 18, corresponding 
to the region Where the gate electrode 14 is formed only, as 
shoWn in FIG. 2B. With the photoresist ?lm 19 as a mask, 
n-type impurities 21 such as phosphorus (P) are introduced 
to the amorphous silicon ?lm 17 through ion doping or 
plasma doping of phosphine (PH3) at a loW temperature of 
90° C., for example. Asource region 22a and a drain region 
22b are thereby formed. Next, the photoresist ?lm 19 is 
lifted off. The substrate surface is then radiated With an 
excimer laser beam. The amorphous silicon ?lm 17 melts 
With excimer laser beam radiation. The molten region is 
polycrystalliZed through cooling the substrate doWn to a 
room temperature. A poly-silicon ?lm 23 including the 
source region 22a and the drain region 22b are thereby 
formed. 

[0038] In the embodiment, volatile contaminants depos 
ited on the base (the substrate 11) are eliminated through UV 
pulse laser beam radiation in the stage preceding the step of 
laser beam radiation for polycrystalliZation of the amor 
phous silicon 17. Therefore no contaminants exist betWeen 
the substrate 11 and the amorphous silicon 17. As a result, 
damage to the ?lm caused by a gas that may be produced 
through vaporiZation of contaminants is prevented. It is thus 
possible to increase energy intensity of laser beam radiated 
for polycrystalliZation of the amorphous silicon 17 to the 
optimal value. 

[0039] Next, as shoWn in FIG. 3, dangling bonds are 
inactivated through hydrogenation of the channel region in 
the poly-silicon ?lm 23 in hydrogen plasma. Asilicon nitride 
?lm is then formed as a protective layer 25 through sput 
tering or plasma-enhanced chemical vapor deposition 
(PECVD). Through excimer laser beam radiation, defects in 
the poly-silicon produced during the plasma hydrogenation 
are removed. Through the radiation, hydrogenation of the 
poly-silicon is brought to perfection and the hydrogen 
distribution is homogeniZed While preventing emission of 
hydrogen in the poly-silicon. Finally, a source electrode 24a 
and a drain electrode 24b both of aluminum are each 
formed on the source region 22a and the drain region 22b, 
respectively, in the poly-silicon ?lm 23 through sputtering 
using an argon gas, for example. The thin ?lm transistor 
is thus completed. 
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EXAMPLE 

[0040] An example to Which the method of forming a 
semiconductor thin ?lm of the invention is applied Will noW 
be described. 

[0041] A quartZ substrate Was utiliZed in the example. The 
substrate Was radiated With ten pulses of excimer laser beam 
Whose energy (radiation energy for substrate cleaning) is 
approximately 310 mJ/cm2 for removing volatile contami 
nants deposited on surfaces of the substrate and a thin ?lm 
formed on the substrate. On the substrate free of volatile 
contaminants, a plurality of amorphous silicon ?lms having 
source and drain regions Were provided through the method 
of forming a thin ?lm transistor described in the foregoing 
embodiment. For polycrystalliZation, the amorphous silicon 
?lms Were radiated With 100 pulses of excimer laser beam 
With different energy intensity for each ?lm. 

[0042] The result Was that the silicon ?lm Was not dam 
aged With laser beam energy (radiatable energy) of 300 
mJ/cm22, as shoWn in FIG. 4. The energy value of 300 
mJ/cm is suf?cient for achieving perfect polycrystalliZation 
of the amorphous silicon ?lm. 

[0043] As an example to be compared With the above 
example of the invention, polycrystalliZation of amorphous 
silicon ?lms Was performed Without removing volatile con 
taminants deposited on surfaces of the quartZ substrate and 
a thin ?lm formed on the substrate through UV pulse laser 
beam radiation. That is, polycrystalliZation Was performed 
through the method similar to that of the above example 
except that radiation energy for substrate cleaning Was Zero. 
As shoWn in FIG. 4, the result Was that the silicon ?lm Was 
damaged With laser beam energy of more than 150 mJ/cm2. 

[0044] The example of the invention and the comparison 
example described so far shoWed that if the surface of the 
substrate and so on Was cleaned through UV pulse laser 
beam radiation as a pretreatment, the energy intensity of 
laser beam radiated for polycrystalliZation of the amorphous 
silicon ?lms Was raised to the optimal energy intensity or 
above required for perfect polycrystalliZation. 

[0045] In the method of forming a semiconductor thin ?lm 
of the embodiment described so far, the base Was cleaned 
through UV pulse laser beam radiation as a pretreatment. 
Emission of a gas from the base is thereby prevented during 
formation of the thin ?lm. Consequently, damage to the 
semiconductor thin ?lm is prevented. In addition, it is 
possible to radiate an energy beam of the optimal energy 
intensity for polycrystalliZation. A high-performance semi 
conductor thin ?lm of improved quality is thus obtained. 

[0046] The functions of the refractory buffer layer 13 and 
the gas barrier layer 12 in the foregoing embodiment Will 
noW be described. The layers are particularly effective for 
the substrate 11 made of plastic Whose softening temperature 
is 250° C. or beloW. 

[0047] Referring to FIG. 5 to FIG. 7 and FIG. 8, the 
relationship betWeen the thickness of the refractory buffer 
layer 13 and the maximum temperature of the surface of the 
substrate 11 made of plastic Will be described. FIG. 5 shoWs 
a plastic substrate 51 made of PMMA of 0.01 mm in 
thickness on Which a refractory buffer layer 52A made of 
silicon dioxide of 0.5 pm in thickness is formed. An amor 
phous silicon ?lm 53 of 30 nm in thickness is then formed 
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on the refractory buffer layer 52A. In FIG. 6 a refractory 
buffer layer 52B of 1.0 pm in thickness is formed instead of 
the refractory buffer layer 52A shoWn in FIG. 5. In FIG. 7 
a refractory buffer layer 52C of 1.5 pm in thickness is 
formed. 

[0048] FIG. 8 shoWs the simulation result of temperatures 
(maximum temperatures) of the interfaces betWeen the sub 
strates 51 and the refractory buffer layers 52A, 52B and 52C, 
respectively, (that is, the surface of the substrates 51) 
Wherein the amorphous silicon ?lms 53 in FIG. 5 to FIG. 7 
are each polycrystalliZed through eXcimer laser beam radia 
tion (resonance Wavelength of 308 nm) With energy of 200 
mJ/cm2. As shoWn, the temperature of the surface of the 
substrate 51 increases With a reduction in thickness of the 
refractory buffer layer. 

[0049] FIG. 9 shoWs temperature distributions measured 
at depths from the surface of the amorphous silicon ?lm 53 
When the refractory buffer layer 52B of 1.0 pm in thickness 
in FIG. 6 is radiated With an eXcimer laser beam. The 
horiZontal aXis indicates depths While the vertical aXis 
indicates temperatures. The temperature distributions mea 
sured after a lapse of speci?c time are shoWn. Solid line A 
indicates the temperature distribution after a lapse of 1 us 
after laser radiation. Broken line B indicates the temperature 
distribution after a lapse of 5 us. Alternate long and short 
dash line C indicates the temperature distribution after a 
lapse of 10 us. 

[0050] TWo points are evident from the results shoWn in 
FIG. 8 and FIG. 9. First, the temperature of the interface 
betWeen the substrate 51 and the refractory buffer layer 52B 
rises higher than 100° C., that is, the softening temperature 
of the plastic (PMMA), if the thickness of the refractory 
buffer layer (SiO2) is less than 1.0 pm. Secondly, since the 
temperature distribution abruptly changes in the substrate 
51, the temperature affects the thin plastic substrate. There 
fore, it is preferable that the thickness of the refractory buffer 
layer is 1.0 to 2.0 pm. 

[0051] HoWever, it is dif?cult to achieve ?atness of the 
refractory buffer layer and the amorphous silicon ?lm if the 
refractory buffer layer is formed directly on the plastic 
substrate. In addition, a gas and impurities are often pro 
duced from the plastic substrate itself It is thus required to 
prevent such a gas from penetrating into the amorphous 
silicon ?lm. It is therefore preferable to form a gas barrier 
layer made of dense material such as silicon nitride (SiN) on 
the plastic substrate so as to provide a tWo-layer structure 
With the refractory buffer layer as in the foregoing embodi 
ment. 

[0052] The total thickness of the refractory buffer layer 
and the gas barrier layer is preferably thicker at least than the 
thickness of the amorphous silicon ?lm to be polycrystal 
liZed. In the TFT With a bottom gate structure as shoWn in 
FIG. 3, for example, the thickness including all of the gas 
barrier layer 12, the refractory buffer layer 13 and the 
insulators (gate insulators) 16a and 16b is preferably thicker 
than the amorphous silicon ?lm. In a TFT With a top gate 
structure, the thickness including the gas barrier layer 12 and 
the refractory buffer layer 13 is preferably thicker than the 
amorphous silicon ?lm. 

[0053] According to the embodiment of the invention, in 
addition to the effects previously described, the gas barrier 
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layer 12 placed betWeen the plastic substrate 11 and the 
amorphous silicon ?lm 17 prevents a gas produced out of the 
substrate 11 from penetrating into the amorphous silicon 
?lm 17. Furthermore, since the refractory buffer layer 13 is 
placed betWeen the substrate 11 and the amorphous silicon 
?lm 17, heat resulting from energy beam radiation does not 
affect the plastic substrate 11 and cause softening and so on. 
As a result, the energy beam of the optimal value is 
applicable for crystalliZation. A high quality poly-silicon 
?lm is thereby achieved. 

[0054] The present invention is not limited to the forego 
ing embodiment and the eXample but may be practiced in 
still other Ways. For eXample, although UV pulse laser beam 
radiation for cleaning is performed in each step (FIG. 1A to 
FIG. 1D), radiation may be omitted in some of the steps. 
Although the silicon ?lm is described as an amorphous 
semiconductor thin ?lm in the foregoing embodiment, the 
invention is applicable to any other ?lm crystalliZed through 
energy beam radiation. Although the invention is applied to 
the method of forming a thin ?lm transistor in the foregoing 
embodiment, the invention may be applied to a manufac 
turing process of any other semiconductor device. 

[0055] In the method of forming a semiconductor thin ?lm 
of the invention described so far, contaminants deposited on 
the substrate is removed through radiating the substrate With 
a pulse laser beam as a pretreatment When the amorphous 
semiconductor thin ?lm is radiated With an energy beam for 
polycrystalliZation. Emission of a gas resulting from volatile 
contaminants is thereby prevented. It is thus possible to 
polycrystalliZe the thin ?lm through radiating an energy 
beam of the optimal energy value. Consequently, damage to 
the thin ?lm is prevented. Quality of the ?lm is thereby 
improved. A process margin is increased as Well. 

[0056] In the other method of the invention, the stacked 
layers including the gas barrier layer for preventing gas 
penetration and the refractory buffer layer for preventing 
heat conduction are provided on the plastic substrate surface. 
The refractory buffer layer betWeen the plastic substrate and 
the amorphous semiconductor ?lm prevents heat produced 
through energy beam radiation from affecting the plastic 
substrate. The gas barrier layer prevents penetration of a gas 
from the plastic substrate to the semiconductor ?lm. It is 
therefore possible to radiate an energy beam of the optimal 
energy value for polycrystalliZation. Quality of the ?lm is 
thereby improved. A process margin is increased as Well. 

[0057] The plastic substrate of the invention comprises the 
protective layer including the gas barrier layer and the 
refractory buffer layer. As a result, it is possible that the 
amorphous semiconductor ?lm is radiated With an energy 
beam of the optimal energy value. 

[0058] Obviously many modi?cations and variations of 
the present invention are possible in the light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims the invention may be practiced 
otherWise than as speci?cally described. 

What is claimed is: 
1. Amethod of forming a semiconductor thin ?lm includ 

ing the steps of: 

removing contaminants deposited on a surface of a base 
layer on Which the semiconductor thin ?lm is formed, 
through pulse laser beam radiation; 
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forming the semiconductor thin ?lm on the surface of the 
base layer free of the contaminants; and 

crystalliZing the semiconductor thin ?lm. 
2. A method according to claim 1 Wherein the base layer 

is a substrate. 
3. A method according to claim 1 Wherein the base layer 

is formed on a substrate. 
4. A method according to claim 1 Wherein the semicon 

ductor thin ?lm is made of silicon. 
5. A method according to claim 1 Wherein a Wavelength 

of the pulse laser beam falls in the range of 100 to 350 nm 
inclusive. 

6. A method according to claim 5 Wherein the pulse laser 
beam is an eXcimer laser beam. 

7. A method according to claim 1 Wherein the semicon 
ductor thin ?lm is an amorphous semiconductor thin ?lm. 

8. A method according to claim 1 Wherein the base layer 
is made of plastic. 

9. A method according to claim 1 Wherein the base layer 
is made of either silicon dioXide or silicon nitride. 

10. A method of forming a semiconductor thin ?lm 
including the steps of: 

removing contaminants deposited on a substrate through 
pulse laser beam radiation; 

forming a gate electrode pattern on the substrate free of 
the contaminants; 

removing contaminants deposited on a surface of the gate 
electrode pattern through pulse laser beam radiation; 

forming an insulating layer on the gate electrode pattern; 

removing contaminants deposited on a surface of the 
insulating layer through pulse laser beam radiation; 

forming the semiconductor thin ?lm on the insulating 
layer free of the contaminants; 

forming a source region and a drain region by selectively 
introducing impurities to the semiconductor thin ?lm; 
and 
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crystalliZing the semiconductor thin ?lm through energy 
beam radiation. 

11. A method of forming a semiconductor thin ?lm 
including the steps of: 

forming a gas barrier layer for preventing penetration of 
a gas on a surface of a plastic substrate; 

forming a refractory buffer layer for preventing heat 
conduction on the gas barrier layer; 

forming the semiconductor thin ?lm on the refractory 
buffer layer; and 

performing heat treatment of the semiconductor thin ?lm 
through energy beam radiation. 

12. A method according to claim 11 Wherein the semi 
conductor thin ?lm is formed through sputtering in an 
atmosphere including helium. 

13. Amethod according to claim 11 further including the 
step of removing contaminants through radiating the surface 
of the plastic substrate With energy beam before the step of 
forming the gas barrier layer. 

14. Amethod according to claim 11 further including the 
step of removing contaminants through radiating a surface 
of the refractory buffer layer With energy beam after the step 
of forming the refractory buffer layer and before the step of 
forming the semiconductor thin ?lm. 

15. A method according to claim 11 Wherein a thickness 
of the refractory buffer layer is 1 pm or above. 

16. A plastic substrate comprising a protective layer on a 
surface thereof, the protective layer including a gas barrier 
layer having a function of preventing penetration of a gas 
and a refractory buffer layer of 1 pm or above in thickness 
having a function of preventing heat conduction. 


