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M.E:THOD OF FORMING POLYCRYSTALLINE SEMICONDUCTOR FILM 

CRQSS REFERENCE TQ RETATEJJ APPLICATIONS 

This application claims benefit of priority under 35USC 

s § 119 to Japanese Patent Application Nos. 2000-281353 and 

2001-208028 filed on September 18, 2000 and July 9, 2001, 

respectively, in Japan, tbe entire contents of which are 

ineo.rporated by refe:;ence herein. 

10 BACKGROUND OF THE ImTENTION 
The present invention relates to a method of f orminq a 

polycrystalline samicondnctor film.. J?articularly, this 

in~ention relates to a JllethOd of f onning a polycrystalline 
semiconductor filtn as an active layer for thin-film transistors 

15 used for liquid ci:ystal displays, etc. 

With advanced Jlrl.niaturization in liquid crystal displays, 
thin-film transistors (TFT) having polyc;cystalline silicon with 

high IDPhility used for active layers have recently been used 

instead of known transistors having ani.orphous silicon as active 

.20 layers. 

Described with reference to FIG .. 6 is a known JD.ethod of 

producing a transistor having polyceystalline silicon used for 

an active layer. 
As shown in FIG. 6 (a) , a thin film 42 0£ amorphous 

~5 senti.oonductor is deposited on an insulating film 41 made of glass 

for example. The thin film 42 is irradiated with energy-rich 

beams such as the excimer laser to be melted fo:r recrystallization, 

and hence chanqed into a polycrystalline thin film 43 as shown 

in FIG. 6(b) ~ The thin fihn43 is patterned, followed by impurity 

30 doping to fOilll semiconductor films 43a of low concentration as 

shown in FIG. 6(c). 
Next, as shown in FIG. 6(d), the semiconductor films 43a 

are covered with a gate insulatinr~ fil.Jn 44. A metallic film is 
fo):Dled on the fil.1n 44 and pattered, thus fonning a gate electrode 

35 45 for an n-channel transistor and a metallic film 45a that covers 

the semiconductor film 43a for a p-channel transistor. 
Subsequently, p- or n-type dopant is implanted into the 
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semiconductor fi.lms 43a at a hiqh concentration ~ia the gate 

alectrode 45 as a mask, to form an n-type source/ drain region 

46 as shown in FIG .. 6(d). 

A resist patt.ern 50 made of photoresist is formed as shown 

s in FIG. 6(e). The metallic film45a is patterned with thiS resist 

pattern to fo:cm a gate electrode 45a for the p-channel transistor. 

p .... type dopant of high concentration is implanted into the 

semiconductor film 43a for the p-channel transistor while masked 

with the resist pattem 50 and the gate electrodes 45a to form 

10 p-type source/drain regions 47. 

The resist pattern 50 is ;removed, followed by annealing 

fo:r dopant activation, and an interlayer insulating film 48 is 

formed on the entire surface as shown in FIG. 6(f). contact holes 

are for.ttted on insulating films 48 and 44 and are filled with an 

15 electrode-material fi.lm.. The film is patterned to form 

source/drain electrodes 49, thus producing the transistor. 

Not only by irradiation of energy-rich beams such as the 

excim.er laser, polycrystalline sili.oon films can be famed by, 

for example, solid phase epitaxy with annealing amorphous silicon 

20 for a long tizne at a temperature in the range from about 400°c 

to 600°C. In general,. however, polycrystalline silicon films 

fo:cmed by solid phase epitaxy have lower carrier mobility than 

those fomed by irradiation of energy-rich beams for 

rec.rystallization by melting. .Moreover, large substrates can 

2:5 easi1y be receystallized by irradiation of energy-rich line beams, 

but not by solid phase epitaxy. Polycrystalline silicon films 

formed by solid phase epitaxy thus cannot be used for high-speed 

circuitry, and hence used only for small liquid c:rystal displays. 

Irradiation of energy-rich beams such as the exc.imer laser 

JO for reci:ystallization of amorphous silicon by melting causes 

roughness on the silicon surface.. Shown in FIG. 5 is a 

cross-sectional view of a thin-film transistor having an active 

layer of polycrystalline silicon fomed by irradiation of the 

excimer laser. It is expected frOJn FIG. 5 that a gate insulating 

35 film 44, which is formed on a polycrystalline silicon 43a having 

roughness fomed on an insulative substrate 41 1 has thin sections 

fanned on convex portions of the polycrystalline silicon. 
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Gate insulating films having thin portions cause a decrease 
in gata dielectric strength. FIG. 4 indicates leak current 
dependency on voltage for oxide tilms. one oxide film was formed 

on a substrate of sin9le crystalline silicon whereas the other 

s film having the same thickness as the foriner was formed a 
polyc.eystalline silicon film which was fonned by irradiating the 
excimer laser. :rtie graphs teach that a leak current flowed 
through the o~ide filn\ fanned on the polycrystalline silicon film 

at an extreJD.ely lowwltage compared to the sinqle crystal silicon. 

10 tt is speculated that electric fiel.ds converged on the surface 

convex sections mi.ght have caused generation of current on the 

convex sections. 
Thin-film transistors having polyc:r;ystalline silicon as 

active layers thus require a thick gate insulating film. An on 
15 state current for thin-film transistors are inverse proportional 

to the thickness of a gate insulating film. A thick gate 

insulating fillll mitigates roughness on the surtace of a 

Polycrystalline silicon :film, hOWGV'er, it causes decrease in 
perf'orJDance of transistors. 

20 It is speculated that such roughness that causes decrease 

in perfomance of thin-film transi.Stors is fox:med on the surface 

of a polycrystalline silicon due to segregation of an oxide film 

foDl\Ed on the surface of amorphous silicon or fo.tmed with oxygen 

existing in the atmosphere irradiated with laser, during 

25 recrystallization by melting. 
Such roughness thus can be mitigated by complete removal 

of an oxide film fonned on the surface of amorphous silicon with 

lowering a. partial pressu;re of oxygen existinq in the atmosphere 

irradiated with laser.. Laser annealing under this condition, 

JO however, causes abrasion of a silicon film at energy lower than 

that of laser beam irradiation required for grain of 
polycrystalline silicon to become large enough. Or, it causes 

increase in enerqy of laser beams for crystallization. This 

results in de.creasing in operating rate 0£ an apparatus for 

35 irradiating the laser beams. 

such a problem is solved by atomospheric laser annealin9 

for enlarging grain of polycrystalline silicon, followed by 
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removal of the surface oxide film with hydrogen flouride (HF) 

and vacuum laser annealing for minimizing roughness on the surface 

of polycrystalline silicon. This is proposed in K. Suga et al., 

"The Effect of a Laser Annealing Ambient on the Morphology and 

s 'rFT Perfollt\ance of Poly-Si Fil.ms", Society for Information 

Display 00 DIGEST, p534-537, May 2000. 

This method, however, requires decoinpression from ambient 

pressure ·t.s vacuum for laser annealing or two separate systems 

· for ambient pressure only and vacuum only. Either way requires 
10 RF treatment after atomospheric laser annealing, thus decreasing 

productivity. 

SlJMMARY OP THE INVENTION 

A purpose of the present invention is to provide a method 

15 of fonnin.9 a polycrystalline semiconductor film that provides 
high perto:cmance for thin-film. transistors having this 
polycrystalline semiconductor film and high productivity. 

A first aspect of a method of fonning a polycrystalline 

semiconductor film according to the present invention includes 

2 o depositin9 an amorphous seioiconductor film on a substrate, a first 

irradiating the amorphous semiconducto:r film with an energy­
rich beam in an atmosphere of a gas containing an inert gas as 

a major component with a specific amount of oxygen, to change 

the amorphous semiconductor film into a polycrystalline 
25 semiconductor film, a.nd a second irradiating the polycxystalline 

semiconductor +ilm with an energy-rich beam in an atin.osphere of 
a gas containing an inert qa.s as a major component with oxygen 
of an amount less than the specific amount. 

Tbe amount of oxygen for the first irradiating may be 5 
30 ppm or more but less than 10% and the amount of oxygen for the 

second irradiating is preferably 200 ppm. 

The total amount of energy tor the second irradiating may 
be larqer than the total amPunt of energy for the :[irst 
irradiating. 

35 lt may be that the polyceystalline semiconductor film is 
exposed to an atmosphere between the first irradiating and the 

second irradiating, the atmosphere having an oxygen 
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concentration higher than oxygen concentrations in the 

a'boospheres in the first and the second irradiating .. 
The first and the second irradiating may be perfom.ed in 

the same processing chanlber. 
s It may be to perfom removing a natural oxide filnl formed 

on the surface of the amorphous semiconductor film before tbe 

first irradiating. 
- l:t may be to perform crystallization while splaying an area 

of the substrate, that is irradiated with the energy-rich beam, 

lo with a gas at a pressure higher than an ambient pressure in a 

processinq chamber. 
It may be to use an exc:iln.er laser beam a~ the energy-rich 

beam. 
The number of irradiation of the energy-rich beam in the 

15 first irradiating inay be smaller than the number of irradiation 

of the energy-rich beam in the second irradiating. 
Moreover, a second aspect of a Jnethod of forming a 

polyceystalline semiconductor film a~cording to the present 
invention includes follllin.g a polycrystalline semiconductor fillll 

20 on a subi:;trate, irradiating the polyccystall.ine semi.conductor 

film with an energy-rich beam in an atmosphere of a gas containing 

an inert gas as a major component with oxygen, an amount of the 

oxygen being l ppn or more but 50 ppm or less. 

F\lrthermore, a third aspect of a method of forming a 

25 polycIYatalline semiconductor fiJ.m according to the present 
invention .inc;-:ludes depositing an amorphous semiconductor fillll 

on a subStrate, removing a natural oxide film on the amorphous 

semiconductor film., first irradiating the amorphous 

semiconductor film with an energy-rich beam in an atmosphere of 

30 a gas containing an inert 9as as a major cOlllpOnent with oxygen, 

an amount of the oxygen being 5 ppm or more but less than 10%, 

to change the amorphous ~eniconductor film into a polycrystalline 

semiconductor film, and second irradiating the polycrystalline 

semiconductor f.ilm with an energy-rich beam in an atmosphere 

35 containing an in.art gas as a major component with oxygen, an amount 
of the oxygen being 1 ppm or ll\Ore but 50 ppm or less. 

It may be to perform crystallization ~bile splaying an area 
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of the substrate, that is irradiated with the energy-rich beam, 
with a qas at a pressure higher than an ambient pressure in a 
processin9 charober. 

BEIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a flow chart of a first embodiment of a method 

of foming a polycrystalline semiconductor film according to the 

present invention1 

FIG. 2 explains effects of the first embodiment; 
FIG. 3 explains effects of the first embodiment; 
FIG. 4 shows a graph ind-icating the relationship between 

a gate voltage and a leak Cllrrent for a known thin-film transistor; 
FIG. 5 is a cross-sectional iriew of the known thin-fi.lm 

transistor; 
15 FIG. 6 show cross-sectional views indicating steps of 

producing a thin-film transistor; 
FIG. 7 shows cross-sectional views indicating steps of. a 

second einbodiment of a method of forininq a polycrystalline 

semiconductor :film according to the present invention; 
20 FIG. 8 shows graphs indicating results of experiments for 

detennining optimum laser irradiation requirexnents for 
recrystallization of polycrystalline silicon; 

FIG. 9 shows cross-sectional views indicating steps of 

producing a thin-film transistor under a third embodiment of a 

25 method of foming a polycrystallina semiconductor film according 
to the present invention; and 

FlG. 10 shows a graph indicating change in mobility of 
thin-fil.m transistors in accordance with change in laser 
irradiation requirements under which the transistors were 

30 produced. 

DETAILED DESCRIE'I'ION OF EMBODIMENTS 
Elnbodiments of fo:minq a polycrystalline semiconductor 

film according to the present invEmtion will be disclosed with 
'.35 reference to the attached ~awings. 

(First Embodiment) 
Disclosed with reference to FIGS. l to 3 is a first 
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embodiment of a method of forming a polycrystalline semiconductor 

film according to the present invention.. The forming method in 

this embodiment is shown in FIG. 1. 
Firstly, an amoz:phous silicon film is fo:cmed on a substr~te, 

s as shown in step Fl in FIG. 1 .. In this embodiment, a sonm-thiok 

amor:phous silicon film. is formed by CVD (chemical Vapor 

Deposition) with Si.H.. as a source gas. 

Next, as shown in step F3 in PIG. 1 1 annealing is performed 

to decrease the amount of hydrogen in the amorphous silicon filln 

lo for restricting abrasion that will occur during energy-rich beam 

irradiation. In this embodiment, annealing is perfor.mecl at 450°C 

for 30 min. 
An etching process is perfol:lt\ed to remove an natural oxide 

film fonned on the surface of the all\Orph~us silicon filln. , as 

15 shown in step i'S in FIG. 1. In this erobodhnent, 1-wt% HF solution 

is flown over the Substrate surface for 2 min .. , followed by ultra 

pure water washing. 
Illl1l\ediately after this, the substrate is transferred into 

a processing chamber of a processinq system filled with an 

20 at:ll'losphere containing nitrogen as a major component. The 

processing systeni has a mechanism in which the substrate is 
sprayed with a qas containing nitrogen as a lD.ain component and 

also slight oxygen, at a pressure higher than the ainbient pressure 

so that an area of the substrate to be irradiated with a laser 

25 beam is enclosed by the gas. A flow rate for nitrogen and oxygen 

is thus controlled by massfl.ow, so that a ratio of nitrogen to 

oxygen is accurately controlled in the atmosphere to be irradiated 

with laser. The total flow rate tor nitrogen and oxygen is set 

at 30 liter/min., in this embodiment .. 

30 Next, as shown in step F7 in FIG. 1, the substrate is scanned 

with an exc.imer-laser pulse beam of 308 nm. in wavelength at 390 

mj/cm2 in energy density in this atmosphere so that the substrate 

surface is irradiated with the laser twice. This laser-scanninq 

recrystallaes the amorphous silicon film by melting to fotm a 

35 polycrystalline silicon film (the first laser irradiating step). 
The amount of oxygen in the first laser irradiating step in the 

this embodiment is a specific amount which is preferably from 
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1 ppm to 10%, as disclosed later .. The first laser irradiating 

step is performed to decrease hydrogen in the silicon film for 
restricting abrasion and also fom a thin oxide film on the surface 

of the polycrystalline silicon film. 

Then, as shown in step F9 in FIG. 1, an- oxygen 
concentration in the gas with which the substrate is sprayed is 
varied to be less than that for the first irradiating step. The 

substrate is then scanned with an exoimer-laser pulse beam of 

308 nm in wavelength at 440 mJ/csn.2 in energy density so that the 
1 a Sllbstrate surface is irradiated 16 times to 9row the grain to 

a desired diameter (the sacond laser irradiating step) • The 

amount of oxygen at this tiltte is a speci:fic amount which is 

preferably fr011l 1 ppm to 200 ppm, as disclosed later .. 
~e total amount of energy :for the second irradiating step 

15 is thus larger than that for the first irradiating step. The total 

amount of energy is obtained afl energy density multiplied by the 

number of times of irradiation. rn this embodiment, energy 
density for one-time irradiation is 390 JJIJ/arl· and 440 mJ/ar for 

the first and the second laser irradiating steps, respectively .. 

20 The energy density for one-time irradiation for the second 

irradiating step may, however, be smaller than that for the first 

irradiating step When the total amount of energy for the second 

irradiating step can be set as larger than that for the first 
irradiating step. 

25 ..rhe polycxystalline silicon film. is thuB formed on the 

substrate throu9h the steps Fl to F9 discloaed above. 

It is preferable that the polycrystalline silicon film is 

exposed to an atmosphere bet"1een the first laser irradiating step 

and the second laser irradiating step, to have a desired thickness 
30 for the natural oxide filln fomed on the polyc:cystalline silicon 

film in the first irradiatinq step.. such atmosphere may have an 

oxygen concentration higher than those tor atmospheres in the 

first and the second laser irradiating s-t:_eps. 

!nan experiment, substrates were left for 10 hours with 

3 s no processinq after the natural oxide film fanned on the amorphous 

silicon film had been etched away with HF, and then crystallized 
to produce samples. A spectral ellipsometer measured an about 
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1- Snm-thick natural oxide film formed on the amorphous silicon 

film that had been left for 10 hours after etching. 

The atmosphere contains nitrogen gas as a major cOJnpOnent 

in the einbodiment disclosed above, not only that, h~wever, it 
s may contain a rare gas instead of nitrogen gas.. In other words, 

an inert gas with low response such as nitrogen gas and a rare 

gas can be used for such atmosphere. 

Illustrated in FIG. 2 are an evaluation of a sample by 

atomic force microscopy on roughness and the number of occurrence 

lO of abrasion on a polycrystalline silicon film crystallized by 
the steps descrihed above at 10 ppm in oxygen concentration in 

the second laser irradiating step and 1 ppm, 5 ppm, o. ltr l. 

0% and 10' in oxygen concentration in the first laser irradi.a.tinq 

step. 
15 Illustrated in FIG. 3 is an evaluation of a sample by atomic 

force microscopy on roughness on a polycrystalline silicon film 

crystallized by the steps described abcwe at O. 1' in oxygen 

concentration in the first laser irradiating step and 1 ppm, 10 

.P.Pmr 100 ppm., and 200 ppm in oxygen concentration in the sec:ond. 
20 laser irradiating step. 

Al.so illustrated in FIG. 3 is another evaluation of a sample 

by atomic torce microscopy on roughness on a polyceystalline 
silieon film crystallized by the steps described above in which 

a natural oxide filln fomed on an amorphous semiconductor film 

25 was removed by BF treatment and left for 10 hours with no 
processing to form an about 1. 5nm-thick natural oxide film on 

the amorphous semiconductor film, followed by the first laser 

irradiating' step at o. 1 % in oxyqen concentration and the second 

laser irradiating step at 10 ppm in oxygen concentration. The 

3 o evaluation in this case teaches that this sample is not good in 

quality compared to the fo%111Qr sample because this sample has 

as about 13 mn-thick roughness on the polycxystalline silicon 

fi.1.m whereas the former about 8 mn-size -roughness that had been 

J.eft for 10 hours after HF-treatment. 

3 s !Che tent n roughness " means surface mean roughness 

expressed by RMS (Root-Mean-Square). 

FIG. 2 teaches that abrasion occurred at 1 ppm in oxygen 
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concentration in the first laser irradiating step, however, it 
was completely prevented at 5 ppm or more. Also taught in FIG. 

2 is that the surface mean roughness was about 14 nm at 10% or 

more in oxygen concentration in the first laser irradiating step, 

s thus no decrease in surface mean roughness, whereas the roughness 

was 10 nm or less when the oxygen concentration was less than 

10% .. 

FIG. 3 teaches that the surface mean roughness was about 

13 nm at 200 ppm or in.ore in oxygen concentration in the second 

1 o laser irradiating step, thus no decrease in surface mean roughness, 

whereas the roughness was sufficiently decreased. when the oxygen 

concentration was less than 200 pPll\· 

These figures further teach that a surface oxide film of 

1. 5 nm or more in thickness fonned before the fix'st laser 
15 irradiation in step F7 causes less decrease in surface mean 

roughness even if the oxygen concentrations in both the first 
and the second laser irradiating steps lie in an allowable range. 

It is not ciear why laser irradiation to an atmosphere 
containing oxygen of s ppm or more in the first laser irradiating 

2 O step can restrict abrasion.. It is, however, speculated that 

crystallization in an oxygen atmosphere at a speci£ic 
concentration or more might promote dehydrogenation with help 
of formed minute roughness and a surf ace oxide film fonned in 

the first laser irradiating step might serve to restrict abrasion. 

25 

30 

As discussed in the known method, it has been reported that 

surface roughness becomes small by completely removing a surface 

oxide film by BF-treatment after laser annealing in the ambient 

atmospherer followed by vacuum laser annealing to a 
po1yc.rysta.lline silicon. 

on the contrary, this einbodi:ment allows the first and the 

second laser irradiating steps to be performed in the same 
processing chamber / which can provides polyccysta1line silicon 

with small surface roughness, thus lo!'ering of the perfo:anance 
of thin-filln. transistor being prevented, with no decrease in 

35 producti~ity which may othe:r:wise occur due to requirements for 

the known method such as switching the atmosphere into vac11um 

and treatment between processing steps. 
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Moreover, this embodiment uses the excim.e.r laser as the 

energy-rich beam in the first and the second laser irradiating 

steps, however, not only that, any other types of energy-rich 

beam can be used at as long as they can change an amorphous 

s semiconductor film into a polycrystalline semiconductor film. 

(Second Embodiment) 
Disclosed with reference to FIG. 7 is a second embodiment 

of a method of fooni.ng a polycrystalline sElJlli.conductor filnt. 

according to the present invention. F!G .. 1 is a cross-sectional 

1 o view showing fo:nning steps in the forming method in this 

embodiment. 
Firstly, an under-coating layer 2 made of S:bl and Si0.1 filIDs 

is fonned by plasma CVO on an insu1ative substrate 1 containing 

nonalkali glass of 400nun x SOOnnn. in size, and a 50nm.-thick 

15 poJ.ycrysta1line s;j.licon filltl 3 is formed on the layer 2, as shown 

in FIG. 7(a). 

The polycx:ystalline silicon f illl\ 3 may be formed by one 

of the following three methods. 

(1) An amorphous silicon film is formed, followed by 1-hour 

20 annealing at 5009 C,, to decrease hydrogen concentration in the 

mnorphous silicon film.. Subsequently, like tb.e first embodiment, 

the al\lOrpbous silicon film is changed into the polycrystalline 

silicon film. 3 in an atmosphere of an inert gas containinq oxygen 

at 5 ppm or more but less than 1oi. 

25 (2) The polycrystalline silicon film 3 is directly fo.t.med 

on the substrate 1. or, 

( 3) An amorphous silicon film is fonned on the substrate 

1, followed by annealing in an oven at a temperature at which 

silicon will be :melted or lower, thus changed into the 

30 polycrystalline silicon filll\ 3 .. 

The following experiments were conducted to determine 

optimum laser-annealing requirements to the polyCJ:ystalline 

silicon film fonned as described above. 

Polycxystalline silicon f.il.tns 3 were formed on several 

35 substrates 1 according to the methods disclosed above. 

These substl'.'ates 1 were set in annealing chambers with 

N2-atmosphere containing oxygen at O. 1 ppm, l ppm, 1 O ppm, 50 
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ppm, 100 ppm and 1000 ppm, respectively.. The polycrystalline 

silicon fil.Ins were annealed by laser beam annealing using the 

excimer laser a.t 308 nm (XeCl) in wavelength while scanninq each 

substrate 1 so that it was irradiated with 20 pulses per section 

s on the sll.bstrate, to recrystallize each polycrystalline silicon 

film 3, thus fo:cming a polycrystalline silicon film 3a, as shown 

in FIG. 7(b). The laser beam used for cxystallization may be Ktl' 

or J.rF, etc. Irradiating energy density were varied from. 300 

mJ/cto.2 to 450 mJ /c:m.2 • 

10 Results of the experiments are shown in :tIGS. 8{a), S(b) 

and 8(c). 

FIG. S(a) is a qraph indicating laser irradiating energy 

required for obtaining average grain size at O. 3µm or larger 

under each exoimer-laser annealing atmosphere requirements .. It 

15 is taught in FIG. 8(a) that the sample produced at oxygen 

concent:ration of 0. 1 ppm requires a certain degree of laser energy 

for obtaining average grain size at O. 3 µ m or larger, the degree 

being higher and ha~in9 a margin narrower than the other oxygen 

concentration requirements. On the other hand, the oxygen 

20 concentrations from l ppm to 1000 ppm require almost the sall\e 

laser energy. 
FIG. S(b) is a graph indicating "the number of occurrence 

0£ abrasion in each atmosphere. It is indicated in FIG. 8(b) that 

abrasion did not occur at the oxygen concentration of 1 ppm or 

25 more whereas it occurred for 1. 2 times per 1 CIJl.a at the oxygen 

concentration of 0. 1 ppro.. 

FIG. 8 ( c) is a graph indicating the size of roughness formed 

on the surface of the polyc:eystalline silicon in each atmosphere. 

It is indicated in FIG. 8(c) that the size of roughness was 10 

3 o nm or lower at the oxygen concentration of 50 ppm or less whereas 

it suddenly become higher at the oxygen concentration of 100 ppm. 

These experiments teach that the optimum laser irradiating 

requirements for recrystallization of the polycrystalline 

silicon film 3 shown in FIG. 7{b) include the atmosphere 

35 containing nitrogen as a major component with oxygen of 1 ppm 

or more but 50 ppm or less in concentration .. 

The following are speculated reasons for the optimum laser 
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irradiating requirements. 
Convex portions on a polycrystalline silicon surface have 

higher oxygen ratio than the other portions, which is speculated 

that convex portions are formed by cubical expansion of oxides 

5 that are fonned l:>y seqregation of oxygen contained in a silicon 

film during recrystallization. The adjustment to oxygen 

concentration at 50 ppn or less serves to restrict the amount 

of CJCYgen to be-absorbed into the silicon film, thus restricting 

the$urfaceroughnessfonnedduringrecrystallizationbymelting. 

10 SUch adjustment, however, obstructs growth of grain or causes 

abrasion of the silicon film when the oxygen concentration in 

an atmosphere becomes less than 1 ppm. It is speculated that 

oxyqen absorbed into the silicon film during reccystallization 

by melting become crystal nucleus to promote crsytallization .. 

15 It is thus further speculated. that, since formation of nucleus 

is restricted as oxygen concentration in an atmosphere becomes 

too low, problems occur such as larger energy for crsytallization, 

nax:~ inargin of particle-diameter enl.argement to energy, and 

degradation of particle-diameter distribution. On the contrary, 

2 o oxygen absorbed into the silieon film fo:ons bonding of Si-O-H 

etc. , to re$trict dehydrogenation from the filll\, thus preventing 

abrasion .. AS discussed above, the atmosphere to be irradiated 

with laser requires oxygen concentration at a specific degree 

or JI10re. 
25 Accordingl.y, in this embodiment, laser irradiation is 

perfonned in an atmosphere containing nitrogen as a major 

component with oxygen of 1 ppm or more but 50 ppm or l.ess in 

concentration, to rec.i:ystal1i.ze the polyccystalline silicon film 

3, thus foming the polycrystalline silicon fillll 3a.. This 

30 process serves to restrict rou9lmess on the surface of the film 

3a formed by recrystallization, so that performance of thin­

f ihu transistors is prevented from lowering. 

(Third Embodiment) 

Disclosed with reference to FIG. 9 is a third embodiment 

35 of a ~ethod of forminq a polycrystalline semiconductor film 

according to the present invention. FIG. 9 shows cross-sectional. 

views indicating- steps of producing a thin-film transistor 
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according to the formi.n9 method in this embodiment. 
-

According to the method like the second embodiment, a 

polycrystalline silicon film 3a is fanned on an insulative 

substrate 1 via an under-coating layer 2 fonned thereon, as shown 

s in FIG. 9(a). '!'he film 3a is ~tterned like an island and then 

a gate insulating f illll 4 made of an Si02 film is fonned by plasma 

CVD, as shown in FIG. 9(b). 

Fo:oned subsequently is a gate electrode 5 made of_ ~ 

high-melting point metal such as Mo and Ta or doped 

1 o polycrystalline silicon. Atter the gate electrode 5 is patterned, 

dopant is implanted by ion doping to fom. souroe/dra:in ;regions 

6, as shown in FIG. 9(c). 
Fo.r:med lastly are an interlayer insll.latinq film 7 made of 

Si02 anci source/drain-contact holes. Further, Al-source/drain 

15 electrodes 8 are fo.rmed by sputterin.q. The electrodes 8 are 

patterned to obtain a polyceystalline silicon T.FT, as shown in 

FIG. 9(d). 

FIG. 10 is a graph indicating the relationahip between 

field-effect :mob:ility and the requirements of oxygen 

20 concentration in atmosphere for polycrystalline silicon 

thin-film transistors (~FT) produced under several laser 

irradiating requirements, like described in the second 

enibod.im.ent. The laser irradiatinq energy is set at a degree so 

25 
that grain size becomes o. 5µm in FIG. lo. 

FIG. 10 teaches that the average field-effect mobility is 

not dependant on atmosphere to be irradiated, however, there is 

a big variation in the characteristics at O.. 1 ppm in oxygen 

concentration. 

As disclosed above, like the second embodiment, this 

30 embodiment prevents lowering of the perfo:z:mance of thin ... filln 

transistors with no decrease in productivity .. 

Also in :the second and the third embodiments, 

c:cystallization can be performed w~ile a section of the substrate 

to be irradiated with an energy-rich beam is sprayed with a gas 

35 at a pressure higher than the atmosphere in the processing 

chamber. 

A:; disclosed, the performance of thin-film transistors can 
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be prev-ented. from lowering, with no decrease in productivity, 

according to the present invention. 

Additional advantages and modifications will readily 

occur to those skilled in the art. Therefore, the invention in 

s its broader aspects is not limited to the specific details and 

representative embodiments shown and described herein. 

Accordinqly, various modifications may be ma.de without departing 

from the sprit or scope of the general inventive concept as defined 

by the appended cl.aims and their equivalents. 
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WSAT IS CLAIMED IS: 

1. A method of fonning a polycrystalline semiconductor film 

comprising: 

depositing an aniorphous semiconductor film on a substrate1 

first irradiating the amorphous semiconductor film with 

an energy-rich beam in an atmosphere of a gas containing an inert 

gas a_s a major component with a specific amount of o~gen, to 

change the amorphous semiconductor film into a polycrystalline 

semiconductor filnl; and 
second irradiating the polyceystalline semiconductor film 

with an energy-rich beam in an atmosphere of a gas containing 

an inert gas as a major component with oxygen of an amount less 

than the S}?e<:ific amount. 

2. The method of fooning a polycrystalline semiconductor film 

according to claim 1, wherein. an amount of oxygen for the first 

irradiating is 5 ppm or more but less than 10% and an amount of 

oxygen for the second irradiating is less than 200 ppm. 

3. The method of folJltin9 a polycrystalline semiconductor film 

according to claim 1, wherein the total amount of energy for the 

second irradiating is larger than the total amount of energy for 

the first irradiating. 

4. The method of fo:cning a polycrystalline semiconductor film 

according to claim 1, wherein the polycrystalline semiconductor 

film is exposed to an atmosphere between the first irradiating 

and the second irradiating, the atmosphere having an oxyqen 

concentration higher than oxygen concentrations in the 

atmospheres in the first and the second irradiating. 

5. The method of foming a polycrystalline semiconductor film 
according to claim 1, wherein tbe first and th~ second irradiatin9 

are performed in the same processing chamber. 

6. 'rile method of fonnin9 a polycrystalline semiconductor film 

11111111111111 1111111111 1111 
* C L M s ~ 
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according to claim 1 further comprising removing a natural oxide 

film fo:cned on the surface of the amorphous semiconductor film 

just before the first irradiating. 

7. The method of :forming a polycrystalline semiconductor film 

according to claim 11 wherein an excimer laser beam is used as 

the energy-rich beam. 

8. The method of fominq a polycrystalline semiconductor f il.JD. 

aocordinq to claim 1, wherein the number of irradiation of the 

energy-rich beam. in the tirst irradiatin9 is smaller than the 

number of irradiation of the energy-rich beam in the second 

irradiating. 

9. rhe method of forming a polyc.rystalline semiconductor film 

according to claim 1, wherein crystallization is perf ox.med while 

a section of the substrate to be irradiated with the energy­

rich beam is sprayed with a gas at a pressure higher than the 

atlllOsphere in the processin9 chamber .. 

10. A method of foxm.ing a polycrystalline semiconduator film 

comprising: 
fomi.nq a polycrystalline semiconductor film on a 

substrate; 

irradiating the polycrystalline semiconductor film.with 

an energy-rich J:>eam in an atmosphere of a gas containing an inert 

gas as a major component with oxygen, an amount of the oxygen 

being 1 pptu. or more but 50 ppl11 or less. 

ll. The method of foi:ming a polycrystalline semiconductor film 

according to claim l 0, wherein crystallization is perfonned while 

a section of the substrate to be irradiated with the energy­

rich beam is sprayed with a 9as at a pressure higher than the 
atmosphere in the processing chamber. 

12. A method of fonninq a polycrystalline semiconductor film 

comprisin9: 

.f rHJlll ~lll lllff f lfil· If JUI 
* C L H S * 
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depositing an amo:tphous semiconductor film on a substrate; 

first irradiating the amorphous semiconductor film with 

an energy-rich heam in an atmosphere of a gas containing an inert 

gas as a major component with oxygen, an ~unt of the oxygen 

being 5 ppm or inore but less than 10%, to change the amo:r:phous 

seia\icon.ductor film into a polycrystalline semiconductor film; 

and 
second irradiating the polyc:cystalline semiconductor film 

with an energy-rich beam in an atmosphere containing an inert 

gas as a major component with oxygen, an amount of the oxygen 

being 1 ppm or more but 50 ppm or less. 

13. The method of forming a polycrystalline semiconductor film 

according to claim 12 further comprising removing a natural oxide 

film formed on the amorphous semiconductor fil.In. just before the 

first irradiating. 

14. The method of foming a polycrystalline semiconductor film 

according to claim 12, wherein c:cystallization is performed While 

a section of the substrate to be irradiated with the energy­

ri.ch. beam is sprayed with a gas at a pressure higher than the 

atmosphere in the processinq chamber. 

I If lllf l ~If' If 111111 /I llll 
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