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semiconductor f:l.lm as an active layer for thin-film transistors

15 used for liquid crystal displays, etc.

With advanced miniaturization in liquid crystal displays,
thin-film transistors (TFT) having polycrystalline silicon with
high mobility used for active layers have recently been used
instead of known transistors having amorphous silicon as active

20 layers.

Described with reference to FIG. 6 is a known method of
producing a transistor having polycrystalline silicon used for
an active layer.

As shown in FIG. 6(a), a thin £ilm 42 of amorphous

25 semiconductor 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 bemelted for recrystallization,
and hence changed into a polycrystalline thin film 43 as shown
in FIG. 6(b). The thin £ilm43 is patterned, followed by impurity

30 doping to form 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 insulating film 44. A metallic film is-
formed on the film 44 and pattered, thus forming a gate electrode

a5 45 for an n-channel transistor and a metallic £ilm 45a that covers
the semiconductor film 43a for a p-channel transistor.
Subsequently, p- or n-type dopant is implanted into the




the sem conductor film43a for a p-channel transistor. Subsequentl|y - or
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45a is patterned with this resist pattern to forma gate el ectrode 45a for

t he p- channeemt_é ISL2r £ 11 t44RE adORaRLgRf cdriginteaniemt via itd¢ P3t€npl ant ed
into the s®&nmcon uct or film43a for thesél{l) __tanneém;ig&rysa 25 of r\&@hbﬂ masked
with the reslectynde dbnas@® BABKL HE JRER Y dE1EGeES to form 10 p-type
sour ce/ drai Rgr £gi ssrd £n Fhe. rasi)st pattern 50 is renoved, followed by

It G YL RN AR JeRYSE i918ukkd ag shiolm 48 i s
formed on the ent r%sgaﬁf \% fﬁQQel%@ 1{5&( i

formed on i RAWTAL.| 6K maemet@idmﬂﬂah@ arig pautechedeplidk Adhee  are

ol ot 1 odos B 3££6e8ht @-Lhamel tuassishoZin
el ectrodes E@gE?ﬁl{ﬁgt)pro uc?ng t*ﬁ tﬁ)m (P

e transi stor. njt%mb I ”t_%d't%{e' on of
energy-ri cthEgpe dopantsof hbl@&cﬂ?@t"epﬁgﬁmrboﬁ/c% e Silicon films
can be forn% ,%850 fﬂﬂphgaf@gﬁ@ hasenieili tﬁagsmtmlrndmi@maﬁkjﬁd

anor phous si

Erhagyda from
about 400C thJtli\O'QHSe ﬂ%@&n@?%er%h%heﬁthﬁo? cryst aF(I:Sn%QS%% con films
formed by jscgj_q-_ th@&ﬁ)ﬂ&aﬂ heyiornsowdk carrier nobility than those

fornmed by irra ogFo%l%n ¥%f%cgb hga é@éd RS 1 pedd iy aﬁhe@nd‘w

mel ting. m)reover s can easi|y. be r%cr
i rradiation fifr aogagtyaumhatlm ls@gdnan Wlﬁﬁﬁrb‘;" %fé’?g épi axy
‘Pol ycrystal Lﬁ?% %‘%{ 08 kb PE sui-féé@ﬂs@ho&ﬁ' irﬂFIIhasefyapl Camyag¢ihbelesannot be

sed for crrcurtr and hence d onI for
gryst al d| Ispﬂmlfomedavlm agéwllefdﬂl%ﬁb}%@ 438 gﬂgtﬂé‘aﬁ% fiﬁ%ﬁ%ﬂtﬁirﬂer
| aser é]t%]cetgo}ﬁrg_tﬁé &gahi opsaf. angmhehoslssi liscgattermedt itiey e es

rou hness on e Ssilicon surfacge. o] in
J source/drain electrodes g] %us o&%misngl $h2 transistor.

Not only by irradiation of energy-rich beams such as the
excimer laser, polycrystalline silicon films can be formed by,
for example, solid phase epitaxy with annealing amorphous silicon

20 for a long time at a temperature in the range from about 400°C
to 600°C. In general, however, polycrystalline silicon films
formed by solid phase epitaxy have lower carrier mobility than
those formed by irradiation of energy~rich beams for
recrystallization by melting. Moreover, large substrates can

25 easilyberecrystallizedby 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 crystal displays.

Irradiation of energy-rich beams such as the excimer laser

30 for recrystallization of amorphous silicon by melting causes
roughness on the silicon surface. Sshown in FIG. 5 is a
cross-sectional view of a thin-film transistor having an active
layer of polycrystalline silicon formed by jrradiation of the
excimer laser. It is expected from FIG. 5 that a gate insulating

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

| roughness formed on an insulative substrate 41, has thin sections
formed on convex portions of the polycrystalline silicon.



cross-sectional viewof a thin-filmtransistor having an active |ayer of
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formed on the, Sprlagh; Gndi RNk Sgtd | fblweing film. A thick gate
insulating film mitigates roughness on the surface of a
polycrystalline silicon film, however, it causes decrease in

performance of transistors.

20 It is speculated that such roughness that causes decrease
in performance of thin-film transistors is formed on the surface
of a polycrystalline silicon due to segregation of an oxide film
formed on the surface of amorphous silicon or formed 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 formed on the surface of amorphous silicon with
lowering a partial pressure of oxygen existing in the atmosphere
irradiated with laser. Laser annealing under this condition,

39 however, causes abrasion of a silicon film at enexgy lower than
that of laser beam irradiation required for grain of
polycrystalline silicon to become large enough. Or, it causes

— increase in energy of laser beams for crystallization. This
results in decreasing in operating rate of an appaxatus for

35 irradiating the laser beams.

Such a problem is solved by atomospheric laser annealing
for enlarging grain of polycrystalline silicon, followed by
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pol ycrystal l 'r%% e, ductor filmand high productivity. A fi rst aspect of
a nmet hod of Hrm ng a polycrystalline seniconductor filmaccording to the
present invention includes 20 dep05| t| ng an anor phous sem conductor film
on a substrate, a first irgaeix VENERONS sem conductor filmwth
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anor phous; sepF cioidiin ou Ijq]jmat@lmp?@p_?g@@gq grefi at’ provides
high performance for thin-film transistors having this
polycrystalline semiconductor film and high productivity.
A first aspect of a method of Forming a polycrystalline
semiconductor film according to the present invention includes
20 depositing an amorphous semiconductor filmon a substrate, a first
irradiating the amorphous semiconductor 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 £ilm into a polycrystalline
25 semiconductor £ilm, and a second irradiating the polycrystalline
semiconductor £ilm 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 specific amount.
The 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 foxr the second irradiating may
- be larger than the total amount of energy for “the first

irradiating.

35 _ It may be that the polycrystalline semiconductor film is
exposed to an atmosphere between the first irradiating and the
second irradiating, the atmosphere having an oxygen
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The number of irradiation of the energy-rich beam in the

15 first irradiating may be smaller than the number of irradiation
of the energy-rich beam in the second irradiating.

Moreover, a second aspect of a method of forming 2
polycrystalline semiconductor film according to the present
invention includes forming a polycrystalline semiconductor film

20 on a substrate, irradiating the polycrystalline semiconductor
filmwith an energy-rich beam in an atmosphere of a gas contalning
an inert gas as a major component with oxygen, an amount of the
oxygen being 1 ppm or more but 50 ppm or less.

Furthermore, a third aspect of a method of forming a

25 polycrystalline semiconductor £ilm according to the present
invention includes depositing an amorphous semiconductor film
on a substrate, removing a natural oxide £film on the amorphous
semiconducter  £ilm, first irradiating the  amorphous
semiconductor film with an energy-rich beam in an atmosphere of

310 a gas containing an inert gas as a major component with oxygen,
an amount of the oxygen being 5 ppm or more but less than 10%,
.to change the amorphous semiconductor £ilm intoa pplycrystalline
semiconductor £ilm, and second irradiating the polycrystalline
semiconductor film with an energy-rich beam in an atmosphere

35 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.

It may be to perform crystallization while splaying an area
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DESCRI PTI ON "1 is a flow chart of a fir odi ment of a
met hod of forni ngs'm p@l mlgasilml effecteflc FAgUELTTT f@‘\lbﬁa&@%% ding to the
present invention;.fd Gq | pgrebie I tpk ﬂ@sff idnodémbad; ment; 10
FIG 3 &)?pl ains effectd © e first enbodi,nent;

Cf 4 Ssht?WS a-9éaph
i ndi cating the relBHG. ohﬁhqysbétm ipdipatd ngorhe FEIahaeH ]épaE current for

a known thing %ia&&%i@&&é ghak: 1eaﬁ|dﬁrr53nt$oa: Lxsar Seixt-ifiAal traneWs BT he
‘known t hi n-fi

transistor; 15 FIG 6. shqw, SS¢ SRt L4181 1m

i ndi cating steps dfIG-pPodtich rﬁoﬁsfﬁ?ﬁtlfoqaﬁh vrig‘gsdlsfstg’r kx|9: 7 shows
cross-secti opdnsdis®eg ;i ndi cating steps of a

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

producing a thin-film transistor;

FIC. 7 shows cross-sectional views indicating steps of a
second embodiment of a method of forming a polycrystalline
semiconductor film according to the present imvention;

20 FIG. 8 shows graphs indicating results of experiments for
determining optimum laser irradiation requirements 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 forming a polycrystalline semiconductor film according
to the present invention; and

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

30 produced. '

DETAILED DESCRIPTION OF EMBODIMENTS )
Embodiments of forming a éolycrystalline semiconductor
£ilm according to the present invention will be disclosed with
35 reference to the attached drawings.
(First Embodiment)
Disclosed with reference to FIGS. 1 to 3 is a first




second enbodi nent of a nethod of formng a polycrystalline sem con%ctgr ‘
filmaccording to the present invention; 20 FIG 8 shows graphs indi aWJnQJH
results of experinments for determning optinumlaser irradiation
requirenents for recrystallization of polycrystalline silicon; FIG 9
shows cross-sectional views indicatingsteps of producing a thin-film
transi stor under a third enbodi nent of a 25 nethod of formng a
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fJ_‘Lm formed on the surface of the amorphous silicon film , as

i5 | shown in step F5 in FIG. 1. Inthis embodiment, 1-wt$ HF solution

is flown over the substrate surface for 2 min., followed by ultra
pure water washing.

Immediately after this, the substrate is transferred into

a processing chamber of a processing system filled with an

20 atmosphere containing nitregen as a major component. The
processing system has a mechanism in which the substrate is
sprayed with a gas containing nitrogden as a main component and
also slight oxygen, at a pressure higher than the ambient 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 massflow, so that a ratio of nitrogen to
oxygen is accurately controlled inthe atmosphere to be irradiated
with laser. The total flow rate for nitrogen and oxygen is set
at 30 liter/min., in this embodiment.

30 Next, as shown in step F7 inFIG. 1, the substrate is scanned
with an excimer-laser pulse beam of 308 nm in wavelength at 390
mj/cn? in energy density in this atmosphere so that the substrate
surface is irradiated with the iaser twice. This laser-scanning
recrystallizes the amorphous silicon film by melting to form a

35 polyerystalline silicon £ilm (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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is irradiat ggrgé{lﬁ‘-q EI% %??e?hqnwélé%; @%’Os ?s]%%-:scanniln iecr%esat%nal ki zes the
anor phous sighbetpaté |im hheneseanned: witlhrah ﬁxSSmﬁET];Rﬁ%"gP& Ffn |t£:econ film
(the first laser. . i.xradi ati si€Rho mIfee? ADenbref dengden sonthake thier st

| aser i rradi%t%%%lsntg%]%l t _Ielé_t hi s %n%?g;c nt 'sg{-.%‘ec%po%'tfrﬂec ARUREL Whi ch

i s pref @ ablspbbtoate SayfEret &5 Hoadast % 3‘5‘8‘3 | 52 eF " The fPrst | aser
irradiating ; $e8Rrb8 BEiicvere(the sessmndaskydiopgadiatinchetePdi cdRSilm for
restricting abrasion and al sqQ for.na | N. OXi L ddn-08mhigt Suifdcds of the
pol ycryst al [ampang; PEcBRYFTH rﬁ% g:?‘*ﬁeﬁwasl%)ﬁ% %d#f&e%még in FIG 1, an
‘oxygen  CcongaRifeabboy fivnt heppastaniz00 phinchas Missdpsed atdFe%s sprayed is
varied to be |l ess than .that # ' LI LabdiiD i ptafiathng ssygbstrat e
i s then scanned w%aﬁ%tagxﬁgn@}t-%gggr&%iﬁgg frblgm of. 308 nm 0 wavgl ength
at 440 md/ cnis tm=harggr tearsthat Sor thatfirsk X5adid eI urt'ace 15

i rradiated ?aqlgédn@éf %%eggg\&st B Gldidnad enedgy erinsety divdmspaéied byethsacond
laser I adlr?unllbr:e%: Sé}feg:j.ines hgf irradiation. In this embodiment, energy
density for one~time irradiation is 390 mJ /e and 440 mI/cm’ 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 The polycrystalline silicon film is thus formed on the
substrate through the steps F1 to F9 disclosed above.

It is preferable that the polycrystalline silicon film is
exposed to an atmosphere between the first laser irradiating step
and the second laser irradiating step, tohavea desired thickness

30 for the natural oxide film formed on the polycrystalline silicon
£ilm in the first irradiating step. Such atmosphere may have an
oxygen concentration higher than those for atmospheres in the
first and the second laser irradiating steps.

In an experiment, substrates were left for 10 hours with

35  no processing after the natural oxide £ ilm formed on the amorphous
silicon film had been etched away with HF, and then crystallized
to produce samples. A spectral ellipsometer measured an about




anount of oxygen at this tinme is a specific anount which is preferably
from1l ppmto 200 ppm as disclosed |later. The total amount of enef ¢i&if @i
the second irradiating step 15 is thus larger than that for the first
irradiating step. The total amount of energy is obtained as energy density
multiplied by the nunber of times of 9rradiation. in this enbodi nent,
energy density for one-tine irradiation is 390 mJ/cnR and 440 _miJ/cn® for
the first apd 4he386RMhtha@SEr otideati b |fngmsdemsth¢ cEwsphPYRISFI9R The

energy density for one- tlrre irradiati SPERGinhLradiating step
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natural oxi @@sfcamtffbﬂmﬁé Sﬁrtw D GFPePPRT 1 ine silicon filmin_ the first
irradiating step. rPughAitEIS AREFEG ey dmanaevabl@tg@m o8nd cFANMES BX hi gher

than those for atnospheres in the (l,,_aggé irﬁé’n&él atl ng
steps. | n atemdefiors ﬁtmcé‘"ﬁ’ﬁg??’%{’gsm\}@reeg%gp o 10 hours wit

processipg aff ebrhbfomainaapobydethilliné oriddgosntite %Fﬁ gm i con
film had bee‘%getghed %M% ngotg fﬁmbhlmemaammdume
e

sanples. A's I'pSonet er neasured an about - mt hi ck
natural oxi dehef seaphdrinseroArradiaiisdpAbeR 319 i'cBR™ {1 Iprﬁ“i’h f %lad een | eft

“for 10 hour so%agﬁ &1 08t b Regen BéncdrTRaRlen dncein dinst Ahsengaraddztids a maj or
conponent in the enbodi nent di scl osed above, not only that, however, it 5
may contain 2kepare gas instead of nitrogen gas. In other vvords an |nert

gas Wit hsl oW r espangaseystedsn FIGL Guinagasaindt ton af @ sappledana b ed for

such at rmspheorrece microscopy on roughness on a polycrystalline silicon film
crystalllzed by the steps described above at 0. 1% in oxygen
concentration in the first laser irradiating step and 1 ppm, 10

ppm, 100 ppm, and 200 ppm in oxyden concentration in the second

20 laser irradiating step.
also illustrated in FIG. 3 is another evaluation of a sample
by atomic force microscopy on roughness on a polycrystalline
silicon film crystallized by the steps described above in which
a natural oxide film formed on an amorphous semiconductor film
25 was removed by BF treatment and left for 10 hours with no
processing to form an about 1. 5Snm~thick natural oxide film on
the amorphous semiconductor £ilm, followed by the first laser
irradiating step at 0. 1% in oxygen concentration and the second
laser irradiating step at 10 ppm in oxygen concentration. The
30 evaluation in this case teaches that this sample is not good in
quality compared to the former sample hecause this sample has
as about 13 nm-thick roughness on the polycrystalline silicon
£ilm whereas the former about 8 nm-size roughness that had been
left foxr 10 hours after HF-treatment.
35 The texrm “roughness “ means surface mean youghness
expressed by RMS (Root-Mean-Sqguare).
FIG. 2 teaches that abrasion occurred at 1 ppm in oxygen



Il'lustrated in FIG 2 are-an evaluation of a sanple by atomc force ., .
m croscopy on roughness and the nunber of occurrence |0 of abr asT an e 4Uth
pol ycrystalline silicon filmcrystallized by the steps described above at
10 ppmin oxygen concentration in the second laser irradiating step and 1
ppm 5 ppm 0. 1% 1. 0%and 10%in ok§gen concentration in the first

| aser irradiating step. 15 Illustrated in FIG 3 is an evaluation of a
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oxi de filmfo Mg g G 128B" @il T heeakpgsd concentidhoR5waR sLasenBWRAY by HF
treatment and | eft for 10 hours with no processing to forman about 1.

5umthi ck nakal oxide filmon the anorphous sem conductor fi@*)&l}l f ol | owed
by the first |asemrig.rs agiashesgistebhasugfacommainokoR@Hegs Pt on and
t he second ser _jr iati P; At R B dene¥¥Efdh gancestseabndn. The
30 eval uati i ?hié(?ogggﬁel é%ggkgsl?hé%g{ahi s sanple i s nat atg}oo | qual ity
conpar ed.ot 0 Ydeexf Drradkiat ingEtehethili R dRFECASH I SUHRSS IERPASHY nm t hi ck

roughness on 4 e RolyC iy shildssassbht £itiently Mestreasat wham therayygembout 8
nmsize rougﬁﬂrl]ess ?‘Eat hg% been Jleft EBr?l hours after HP-treatnent. 35
n

The term "r oRRIFRSFILINNIFS SGFT L8 HE tighness expressed by R
\( Root - Mean- Sgquar e)q:heEler_ighﬁeeanﬁtu_elsllamaea‘albmt@_sggégg@ QFige ﬁz%spﬂfh./ls n
e conpl et oty pr Bcht il F SHiERheng B S R 2l fha
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concentratiop i mAde LhLstid d8er okydedficahtbagtaitdpns in both the first

and the second laser irradiating steps lie in an allowable range.

It js not clear why laser irradiation to an atmosphere

containing oxygen of 5 ppm or more in the first laser irradiating

20 step can restrict abrasion. It is, however, speculated that
crystallization 1in an oxygen atmosphere at a specific
concentration or more might promote dehydrogenation with help
of formed minute roughness and a surface oxide film formed in
the first laser irradiating stepmight serve to restrict abrasion.

25 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
atmosphere, followed by vacuum laser annealing to a
polycrystalline silicon.

30 on the contrary, this embodiment allows the first and the
second laser irradiating steps to be performed in the same
processing chamber, which can provides polycrystalline silicon
with small surface roughness, thus lowering of the performance
of thin-film trapsistor being prevented, with no decrease in

35 productivity which may otherwise occur due to requirements for
the known method such as switching the atmosphere into vacuum

and treatment between processing steps.




5 thus no decrease i'n surface nean roughness, whereas the roughness, _ma§nég
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in FIG. 7(a}.
The polycrystalline silicon film 3 may be formed by one
of the following three methods.
(1) An amorphous silicon £ilm is formed, followed by 1-hour
20 annealing at 500°C, to decrease hydrogen concentration in the
amorphous silicon film. Subsequently, like the first embodiment:,
the amorphous silicon film is changed into the polycrystalline
silicon £ilm 3 in an atmosphere of an inert gas containing oxygen
" at 5 ppm or more but less than 10%.
25 (2) The polycrystalline silicon film 3 is directly formed
on the substrate 1. Or,
(3) An amorphous silicon film is formed on the substrate
1, followed by annealing in an oven at a temperature at which
silicon will be melted or Ilower, thus changed into the
30 polycrystalline silicon film 3. .
The following experiments were conducted to determine
optimum laser-annealing requirements to the polycrystalline
silicon film formed as described above.
Polycrystalline silicon films 3 were formed on several
35 substrates 1 according to the methods disclosed above.

These substrates 1 were set in annealing chambers with

N,-atmosphere containing oxygen at 0. 1 ppm, 1 ppm, 10 ppm, 50



Moreover, this enbodi nent uses the exciner |aser as the energy-rig Pﬁ?mlﬁ"%r
inthe first and the second |laser irradiating steps, however, not yooeT

that, any other types of energy-rich beamcan be used at as |ong as they
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sem conductor film (Second Enbodi nentd Disclosed with reference to FIG 7
Is a second enbodi nent of a nmethod of formng -a polycrystalline
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at nosphere of an, |nert gas contai ni ng oxygen at 5 ppmor nore but |ess
than 10% 25‘3(251 e Bgl%r%tal line silicon film3 is directly fornmed on
the subgpr at e 1 Qésulﬁé oAnt baenpkoisents arersEMMinsFI& m¥d2on &( E’é
substrate S)wed by annealing in an oven at a terrperature at whi ch
silicon vmll“ﬁle ted or lower, thus changed into th taII|ne
silicon film 3. TW’&Gf.o&da))vwmgﬁ exthlm@tmﬁel%d%’E%atédﬂa

‘opti mum | aser-anneal jn gra\,bsbaljg &EorS]_:_{]j f| | m
forned as dé:f@?lﬂ'ﬁgg %%\?%%ng{ﬁ%%?a%«? #gﬁnpgiy Ju gmn
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15 is taught in FIG. 8(a) that the sample produced at oxygen

concentration of 0. 1 ppmrequires a certain degreeof laser energy
for obtaining average grain size at 0. 3um or larger, the degree
being higher and having a margin narrower than the other oxygen
concentration requirements. On the other hand, the oxygen
20 concentrations from 1 ppm to 1000 ppm reguire almost the same

laser energy.
FIG. 8(b) is a graph indicating the number of occurrence

of 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 cm® at the oxygen
concentration of 0. 1 ppm.
FIG. 8(c) is a graph indicating the size of roughness formed
on the surface of the polycrystalline silicon in each atmosphere.
Tt is indicated in FIG. 8(c) that the size of roughness was 10
30 nm or lower at the oxygén 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
sjlicon 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



These substrates 1 were set in annealing chanbers with N. -atnosphere
contai ning oxygen at 0. 1 ppm 1 ppm 10 ppm 50 12 ppm 100 ppm an¢ H@QO0;M
ppm respectively. The polycrystalline silicon filns were anneal ed by

| aser beam anneal ing using the excinmer_laser at 308 nm(XeC) in

wavel ength whil e scanni ng each substrdfe 1 so that it was irradiated with
20 pul ses per section 5 on the substrate, to recrystallize each

pol ycryst al lirmwadsatirepyedplirefeitst-hus forning a pol ycrystalline silicon
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requires a certain_degree of.l r Y, t ab&i FiGhtAYREAgEOWNEAI N Si ze
2t 0. 5 U SR gRE o S q2gPaE o SRS perts €8 ALRE -
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hand, the oxygen, 20 & £t irBAsed @M g PR 1210002 piun beneltingl nost
the same |aSer energy. FIG 8Fb) I's_a graph indicati.n tjgleog_ug%?g Of
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nore whereas It occurred for 1. tines. per C at .t that
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30 nmor lo at oxygen concentration of '50 ppm or .l ess_whe eas It
suddenl y1shecDheishithherfunthenesesapdated okt FADPBrLAHRATAGH p?)fmnuc’irﬁ“ése
experinents fegaehicthated e SRY§EIROhasRErdtIcadli At aM@tmosphere becomes
too low, problems occur such as larger energy for crsytallization,
.naz:row margin of particle-diameter enlargement to energy, and
degrédation of particle-diameter distribution. On thecontrary,

20 oxXyden absorbed into the silicon film forms bonding of Si~O-H
etc., to restrict dehydrogenation from the £film, thus preventing
abrasion. as discussed above, the atmosphere to be irradiated
with laser requires oxygen concentration at a specific degree
or more.

25 Accordingly, in this embodiment, laser irradiation is
performed in an atmosphere containing nitrogen as a major
component with oxygen of 1 ppm or more but 50 ppm or less in
concentration, to recrystallize the polycrystallinesilicon film
3, thus forming the polycrystalline silicon film 3a. This

30 process serves to restrict roughness on the gurface of the film
3a formed by recrystallization, so that performance of thin-
film transistors is prevented from lowering.

(Third Pmbodiment)
Disclosed with reference to Fi1G. 9 is a thixd embodiment

35 of a method of forming a polycrystalline semiconductor film
according to the present invention. FIG. 9 shows cross-sectional
views indicating steps of producing a thin-film transistor



requi rements for recrystallization of the polycrystalline silicon film3 |
shown in FIG 7(b) include the atmosphere 35 containing nitrogen~aé MAR 2005
maj or component with oxygen of 1 ppm or nore but 50 ppmor less in
concentration. The foll ow ng are specul ated reasons for the optinmum | aser
MAR2I M6 13 irradiating requirenments. Cdhvex portions on a polycrystalline

silicon surface have higher oxygen ratio than th @t hgrt portions, which is
specul at ed gddeatlingnvexthEofornhg MeLhog: ABJTBS Lq}gnlo A% pansi on of oxi des
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On the contrary,. 20 0ox r I MiRat 66 or §omrde Adrafiar negisesdi ng of
Si-OH et CFI?Pg’E)t ﬁswgg%&a%qﬁégr%glgrﬁzﬂﬁit on fromthe film thus preventing
.abrasi on. Ag,dascalesed iabB¥@; (€9 -at nosphere to be irradiated wth |aser

\requi res oxygen Cﬁgﬁﬁé}i hakL PP Ale an Skeeribgeridgsadatong foim 7 pgde of
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pol ycrystal lpiaﬁ':%e%ilé(ii GON LLM & polyerystalline silicon TFT, as shown in

FIG. 9(d).
FIG. 10 is a graph indicating the relationship between
field-effect mobility and the requirements of oxygen
20 concentration in atmosphere for polycrystalline silicon
thin-film transistors (TFT) produced under several laser
irradiating requirements, like deseribed in the second
embodiment. The laser irradiating energy is set at a degree S0
that grain size becomes 0. Sum in FIG. 10. o
25 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 0. 1 ppm in oxygen

concentration. - ‘
As disclosed above, like the second embodiment, this

10 embodiment prevents lowering of the performance of thin-film
rransistors with no decrease in productivity.

Also in the second and the third embodiments,
crystallization can be performed while 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. .
As disclosed, the performance of thin-film transistors can




3, thus formng the polycrystalline silicon film3a. This 30 prOCES?‘§ﬁ{%ﬁﬁ5
to restrict roughness on the surface of the film 3a forned by FIAR 20
recrystallization, so that performance of thin- filmtransistors is
prevented fromlowering. (Third Enbodi pment) Disclosed with reference to
FIG 9 is a third enbodinment 35 of a nmethod of forming a polycrystalline
sem conductgr £id B RACOEG fbnieR bl PI@P %R dbovenid dn pROGICIEEIYWS
Cross-section Vi ews 1 ndicatin sfe s of producing a thin-filmtransistor
- 2 MAR 2QGEcderdigwpitei Kietpresedt dRRF Mg et hod in this embodi nent.
According to the ﬂ&gmﬁad hkeyd/aar5g69nenemiodi fboat iemsporiidr yeradilne
silicon filma3a is Tormea on_an jnsul ative SUQ%%&%tQE%ﬁﬁhg APion in

under - coat i agenByter thosesidd etk Ae Lt < hBwm = 5% ?a). The film 3a
iS s Oga; t Ieﬁr negt%ig%a-gﬁgi akpaskand Ci\h/@'er!.im;igﬁﬂetda rhel apeatfid Metalbad@dof an

i ilmis fornme y. pl asma D, as own in -FI Forsmdin .
subsequent | FEPESLHAEVE o FPEEINE T d LI %dgh%r?g_%?%%dpgl?nt netal such
as M and Tacesrdonpd,, +&rpalsmoditishiines walyionadari thotheeHRE e ¥ ect r ode

5 is patterned, dopant..is_ inpla ' LR $Och Qs tSaBIREELRI N
regions 6, fggmg:gg\,ﬁyqlﬁ?ﬁff@%ﬁ‘%igﬁg%ﬁ%gg} gg?ief;egé;can ‘-fﬂnt erl ayer---

i nsul ati ng byl @hé appknded cBabns and $beiter@ i BSft act hol es. Further,
Al-source/drain 15 electrodes 8 are fornmed by sputtering. The el ectrodes 8
are patterned to obtain_a polycrystalline silicon TFT, as showmn in FIG
9(d). FIG 10 is a graph indicating the relationship between field-effect
nmobility and the requirenents of oxygen 20 concentration in atnosphere for
polycrystalline silicon thin-filmtransistors (TFT) produced under several
‘laser irradiating requirenents, |like described in the second enbodinent.
The laser irradiating energy is set at a degree so that grain size becones
0. 5Mnin FIG 10.



25 FIG 10 teaches that the average field-effect nobility is not dependant
on atnosphere to be irradiated, however, there is a big variationginabhes
characteristics at 0. 1 ppmin oxygen concentration. As disclosed above,
i ke the second enbodinent, this 30 ejgodi nent prevents |owering of the
performance of thin-film transistors wth no decrease in productivity.

Also in the - se ?Edcﬁﬁﬁdﬂ"iléd enbodi nents, crystallization can be
|

performed while a Secfion of thé substrate to be irradiated with an

energy-rich beamis sprayed with a gas 35 at a pressure higher than the

atmosphere § n t heyRER6ESSH %miﬂ%@%fol¥&%§t§mm@mﬁhm®mﬁm fakwe of
thin-filmtransistors can 2 MAR 20 06 15 be prevented fromlowering, with
no decreasef9MPIIESREEt i vity, according to the present invention.

Addi ti onal advantmi@mﬁ? aRdinforphbue Bembibhdudstadi £iim on eusukisd-ratiese
skilled in the art. Therefore,. the invention_ipn s it a%grm PRCtsS is
not limted to t CEFR '%ét“gi &em@ Pgssé%ctcin\@cgégo |rrq?ft§'sﬁshovm
and descri had ehetgiArichibeat dnngl yinosplenssofradyds cantaiminhynjacFhde
wi t hout departing_ fromthe sprit or ope r | | ¥g concept
as defined 9% ﬁé‘ %B@ﬁaceoﬁlpgﬁﬂﬁsma%%% %gﬁgigiq%ieﬂl/%%@%t gkb %d VAR 29" n” 16
WHAT | S CLAthATd Shelamokpnetikoskmpicohdnatoy £ilgolyte i PalyeResddi®8nduct or
' | %ﬁam)rphous sem conductor filmon a

film Conml,%nd%es | Eng :

substrat e, Irra [a{'l Hg the anorphous senjconducfor filmuwith an
energy-ri ch beam $ecend dxraskigtapa the nelyscyebat Liaf RgLePh rvgdé'? as a

Maj or conpoRery, W ldheRgRerdy iveadn®AMn itme¥ylefe ¢ a ghangentdimiagor phous
sem conductor filmintdo a polycrystalline i $EM conduc%or fi I{H1 6}_@3@
L an inert gas as a major component with oxygen ol an amo t 5

than the specific amount.

2. The method of forming 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 forming a polycrystalline semiconductor f£ilm
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 forming 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 oxygen
concentration higher than oxygen concentrations in the
atmospheres in the first and the second irradiating.

5. The method of forming a polycrystalline semiconductor film
according to claim 1, wherein the first and the second irradiating

are performed in the same processing chamber.

6. The method of forming a polycrystalline semiconductor film




second irradiating the polycrystalline sem conductor film with an
energy-rich beamin an atnobsphere of a gas containing an inert ~gdsMAB 305
maj or component with oxygen of an anount |ess than the specific anount. 2.
The nethod of forming a polycrystalline sem conductor film according to
claim1, wherein an anount of oxygen i6r the first irradiating is 5 ppmor
nore but | ess than 10% and an anount of oxygen for the second irradiating
is |ess theordifipenm 3.fuithe ceiphiethgatmbongiangtaalpedige fiyns fahledrog the
sem conductar fi.lm according.to_claim1, wh?r ein éhe_ total amount of
energy f ofUitdes of Mieamaplqus seicondstordiipgusidelars the fimmradigingampunt  of
energy for the first irradiating. 4. The nethod of formng a
pol ycrystalline sem conductor film according to claim1, wherein the
pol ycryst &l | i néhs endtbohadidboningfd polycyselpessthiteondantoatfitos plverdinges ween t he
first j’.rraﬁi ahi ng and the S€co irradiﬂ:?titﬂg, t he .a,%ﬁmsﬁgl)here havi ng an
oxygen’ c8hcRnt FaTTHFIHTGRET BHaRTGXPJER Lont EMTERTFBAY M n t he at npspher es
inthe first and the second irradiating. 5. The nmethod of formng a
pol ycrystalline sem conductor film according to claim1, wherein the first
~and the s8condThe magthed iof dormaing 3 pelveryrallinensantieonsianter fic aswidige dhanber .
6. The ne f ra a | ycrystalline.sem conductor film,.- MAR 2005
17 accordft’lrt%gthg ¢ éa%le% ?’%fﬂr eerrOfE:% (ﬁzftéolnn%f nﬁ%r%nﬁh ﬁjﬁf’xﬁ}rg’l ﬂ%?x?lﬂgé film
formed onirtdigatinguis fsamdleothah hBe aUBLBNOL Eragigifion GTAHE bRsrgl-ricMbewst inbgé or e t he
first irradiating., 7. The nmethod of form ng a polycrystalline sem conductor
film & coPYPRYIFHlatnge| aj m 1, wherein an excinmer | aser beamis used as the
energy-rich beam 8. The nethod of form ng a polycrystalline sem conduct or
filmaccording to claim1, wherein the nunber of irradiation of the
ener gy-ri 8h bedhe imethdie of i fomhingi & palicakialithel sensio@duetor tfian atdoeding ber of

irradiation. of the energy-rich heamin the 10 second irradiating. 9. The
met hod of “EBR ea%&r%ﬂg@flaw Rerfadadowhide atssptian phibscnbsimiade be  clai m

1, wherei jrftidsd ahthl ' i L ect j trate to
be irradiated w tlh tfl ﬁtghée}%%lrr%];-%? ?@%Eb a#\?g}l @pafg%eﬁ Wﬁ%ﬁ Igd%gel; Qg
pressiy e Hiegimpsphiaserin the processing chamber.

10. A method of forming a polycrystalline semiconductor film comprising:




15 the atnosphere in the processing chanber. 10. A nethod of form ng a .
pol ycrystal | i ne senmi conductor filmconprising: - 2 MAR 20135 18 depb$iAfi adgls
an anor phous sem conductor filmon a substrate; first irradiating the

anor phous sem conductor filmw th an energy-rich beam in an atnosphere of
a gas containing an inert gas as a mal®r conponent with oxygen, an anount
of the oxygen being 5 ppmor nore but |less than 10% to change the 5

anor phous sem dgrditiogan afriokphoun t@ni@ofxicye filsitcal d substrgem conductor film and
second i rradi aé)iéﬁgg %{Pehpol ycrystal line sem conductor filmwth gn
energy-rich bSEhr3iatngh S SHMCNATGIEY B PRGN SsESyaECy Del or
conponent ; W : hej r e but 50
ppm or Ielsdé\é.ﬁ %(ﬁ%%éllﬁgé%%% ﬁod %ng%%rﬂrln%8%%??@??5%%%6?{;2%23& ghductor

fi |l m accoaaiangubioof theadxyged Heingt hexpnc ommedreibng leseribari hgfoa tonabangel thoxi de

filmfornmed on the anorphou sem conductor filmjust before the first

i rradiati WBWP%E‘}S SFHBC?P@E‘H%H%B’P “:ftBFrﬁoﬁ’éryé‘%aglgf%wnaﬁt%@%@ﬁﬁcondupt or film
according to J&ofid ¥rabidihg MO YORAsGINR! Rt FRALEBH fild e hoenBgyWohl e a
section of the substrate to be irradiated with the energy-rich beamis
sprayed whedm in ynatmespherp eerdgiomg dniigére gas dssmajioh eomponsspéth@xiygen, he

processi ng, ChaRee oxygen being 1 ppm or more but 50 ppm or less.

10 11.  The method of forming a polycrystalline semiconductor film according to
claim 10 further comprising removing a natural oxide film formed on the amorphous

semiconductor film just before the first irradiating.

12 The method of forming a polycrystalline semiconductor film according to
15 claim 10, wherein crystallization is performed while a section of the substrate to be
wrradiated with the energy-rich beam is sprayed with a gas at a pressure higher than

the atmosphere in the processing chamber.




