17 Novenber 2006 LASER | RRADI ATI ON APPARATUS AND METHOD OF TREATI NG

SEM CONDUCTOR THI N FI LM BACKGROUND OF THE | NVENTI ON The pr esent? Noevesyer 2006
relates to a laser irradiation apparatus and a nmethod of treating a

sem conductor thin film and particularly to a |aser irradiation apparatus
used preferably for a treatnent for crystallizing a sem conductor thin
film and a nmethod of treating a sem conductor thin filmconducted by use
of the laser irradiation apparatus. Thin filmtransistors (abbreviated to
TFT) widely wused as switching devices for flat-type display systens such

as liquid crystal daspRayrRESiIamMsoNngbudertbe AXd mEsuog ¢ol ycrystalline
silicon as an active layer (polycrystalline silicon TFT) and the TFT using

anor phous silicon as apraahHiTwe lsawetofBierORovSTRI FrE@N TFT) Anong these,
t he polycrystalline silicon TFT is higher in driving current as conpared

‘with the anmorphous silicon TFT, so that it has the merit that it is
possible to mniaturize the swtching devices and enlarge the nunerical

aperture ogﬁekéﬁ&?ﬂbnogdg%gigﬁVEﬁbeNpolycrystalIine silicon TFT can be
e Sw

used not only as ching device but also as peripheral driving

circuits, 1 17 hpﬁﬁggfgegg§¥sinvention relates to a laser

irradiation apparatus and a method of'treating a
semiconductor thin film, and particularly to a laser
irradiation apparatus used preferably for a treatment for
crystallizing a semiconductor thin film, and a method of
treating a semiconductor thin film conducted by use of
the laser irradiation apparatus.

Thin film transistors (abbreviated to TFT) widely
used aspswitching devices for flat-type display systems
such as liquid crystal display systems include the TFT
using polycrystalline silicon as an active layer
(polycrystalline silicon TFT) and the TFT using amorphous
silicon as an active layer (amorphous silicon TFT). Among
these, the polycrystalline silicon TFT is higher in
driving current as qompared with the amorphous silicon
TFT, so that it has the merit that it is possible to
miniaturize the switching devices and enlarge the
numerical aperture of pixel. In addition, the
polycrystalline silicon TFT can be used not only as the

switching device but also as peripheral driving circuits,




for exanple, a shift register or a |level converter, and these peripheral
circuits can be fornmed on a display substrate in the sane stepi@ANovember 2006
formati on of the switching device. For these reasons, the polycrystalline
silicon TFT is used as a device for high-precision display systens. In
recent years, a technology for fabricating the polycrystalline silicon TFT
by a lowtenperature process at or bel ow 600C (the so-called | ow
tenperature polysilicon process) has been devel oped and put to practical
use. By applying the |ow tenperature polysilicon process to the production

of a flat-typeexshsptays systieiMrddi fagomms dnmneeaseanyetr@eyseandhi gh
heat - resi stant but™ expensi ve substrate such as quartz and

single-crystalline, sphd£on @scdihe dis ave stuhsid Al aSQisbhay it is

possi bl e to achi'eve reductions in cost and size of the high-precision

flat-type displpy.Syplelie Hele JdI6 1AW {SHPAIALIE re%yéwiicemngr ocess is

a nethod arning a polycryst Icon layer b irradiating a

silicon la er.%annr(ﬁpqﬁ¥§géifa% OE%ye%%e %§ﬁ§§?¥8?ﬁ§1§3 stiate wi th |aser

light or ef8€tTon bedam t0 rapidly Heat a “the siTicon Wt hout
subsequent TEBoTFniFBRctest 15 4R A UHSRA YRR B L2717 Noverber 2006
systems.

In recent years, a technology for fabricating the
polycrystalline silicon TFT by a low-temperature process
at or below 600C (the so-ealled low temperature
polysilicon process) has been develéped and put to
practical use. By applying the low temperature
polysilicon process to the production of a flat-type
displayﬁéystem, it becomes unnecessary to use a high
heat-resistant but expensive substrate such as gquartz and_
single-crystalline silicon as the display substrate, so
that it is possible to achieve reductions in cost and
size of the high-precision flat-type display system.

) Here, the low temperature polysilicon process 1is a
method of obtaining a polycrystalline silicon layer by
irradiating a silicon layer (amorphous silicon layer)
formed on a substrate with laser light or electron beam
to rapidly heat and melt the silicon without damaging the

substrate, and crystallizing the silicon through the

subsequent'cooling process to obtain the polycrystalline




silicon layer. In order to obtain a polycrystalline silicon layer wth a
greater grain dianeter in such a |low tenperature polysilicon proeesHEberOES
nmet hod of irradiating the silicon layer with the laser |ight or electron
beamis inportant. In the |ow tenperature polysilicon process at present,
a multi-shot irradiation nethod is wdely used. In the nulti-shot
irradiation nmethod, the | aser beamis scanningly radiated onto the silicon
| ayer, and the same portion of the silicon layer is irradiated with | aser
at least two tines., typically, 10 to 20 times. By this, it is known
that, for «Xargde,ldyerhe case of a silicon layer having a thickness of 50
nm a polycrystalline silicon layer with a grain dianmeter of 0.1 to 5 pm

typically, about 18. 3rtierltpmobsaght ai pelyctFfesllwe ¢ heidaw tsmper ature
pol ysilicon process applying the multi-shot irradiation nmethod nenti oned

above, thereH % khawr & spauentdidlndratenal saehi di ibgatbRperaethod
(hereinafter referred to as SLS nethod) as reported, for exanple, in

Appl i ed Physiics Letersodals, 89 RncaB0¢ 10-2800:(1996)FIG 13 shows an

outline o eatment of a sem conductor thin filmby the SLS nethod. In

the method Showt, 1L die Jidiiidhe LAl 135h3S8L DeRELEnOBELA! gLed froma

| aser Ilg genera ng neans

important. In the low temperature polysilicon process at
present, a multi-shot irradiation method is widely used.
In the multi-shot irradiation method, the laser beam is
scanningly radiated onto the silicon layer, and the same
portion of the silicon layer is irradiated with laser at
least two times, typically, 10 to 20 times. By this, it
is known that, for example, in the case of a silicon
layer héving a thickness of 50 nm, a polycrystalline
silicon layer with a grain diameter of 0.1 to 5 um,

typically, about 0.3 to 1 um is obtained.

Other than the low temperature polysilicon process
applying the multi-shot irradiation method mentioned
a?ove, there is known a sequential lateral solidification
method (hereinafter referred to as SLS method) as
reported, for example, in Applied Physics Letters, vol.
69, pp. 2864 to 2866 (1996). FIG. 13 shows an outline of
a treatment of a semiconductor thin film by the SLS

method. In the method shown in the figure, first, a laser

beam H oscillated from a laser light generating means 1




is made to be incident on a mask 6 having a periodic |ight-dark pattern, by
use of optical nmeans 2 to 5 such as |lenses and refl ectors. The7iNeyEhbdd2e0®
Htransmtted through the mask 6 is radiated onto a silicon layer on the
surface of a substrate Wnounted on a stage 9 through a focusing lens 7
and a reflector B, whereby the silicon layer is perfectly nelted in a

wi dth of several um At the tinme of cooling, crystals are grown laterally
from peripheral portions toward the inside of the nelting regions, and
stripe formlateral growh regions are obtained. Next, the mask 6 or the
stage 9 wiid ridie tsubist riatcel Ao unt ed rawér €éohaivingeeharicé¢alliiy noved by a

di stance not nore than the width of the nelting regions, typically, about
0.75. um Bghd heird gdaradrgr om fudes ofcapgddadi aiebasl ¢ to theuabove. It is
reported that by such a nethod, it is possible to obtain an el ongate

pol ycrystald inehsdd iGon Addredid#s wWhireB issepi besM BVefagsmit el ar ea and
has grain boundaries parallel to the scanning direction. Further, as an

exanpl e of.appldication Lk the SbS qimtdodnrlapanese -Bat ealekabd- open No.
2000- 150412 discloses a nethod in which the above-nentioned periodic

S0 R ASALS o S ] Sl gtenceal 5 gusclys watsater ence of
a focusing lens 7 and a reflector 8, whereby the silicon
layer is perfectly melted in a width of several wum. At
the time of cooling, crystals are grown laterally from
peripheral portions toward the inside of the melting
regions, and stripe form lateral growth regions are
obtained. Next, the mask 6 or the stage 9 with the
substrate W mounted thereon is mechanically moved by a
distance not more than the width of the melting regions,
typically, about 0.75 um, and then lateral growth is
caused similarly to the above. It is reported that by
such a method, it is possible to obtain an elongate
polycrystalline silicon thin f£ilm which is uniform over a
wide area and has grain boundaries parallel to the
gscanning direction.

Further, as an example of application of the SLS
method, Japanese Patent Laid-open No. 2000-150412
discloses a method in which the above—mentibned periodic

light-dark pattern is formed as an interference fringe by

interference of laser light. The publication also

4




di scl oses the techni que of changing the positions of the interference
fringe and, hence, the nelting positions of the silicon |ayer,17tNovambdr20o6
mrrors and a stepped transm ssive plate disposed on the optical path of
the laser light by a nechanical neans. However, in the process applying
the nulti-shot irradiation nethod, of the above-nentioned |ow tenperature
pol ysilicon processes, the crystal size of the polycrystalline silicon
obtained (grain dianeter: 0.1 to 5 gm is extrenely small as conpared with
the size of the thin filmtransistors at present (about 5 to 50 m square)
Ther ef or e qilda ey atieiiesthing gok bliechhhgihil fhet panst stie sAbrheat ed by
use of the polycrystalline siliconis, for exanple, such that the electron

mobi lity ;irsAFdaMAS tLAQeMAMS duack) €akrm8ltihgPpdéigiais oboundari es
of the polycrystalline silicon; thus, the thin filmtransistor obtained is

inferior t9hg transihstar, b Fnb%h%dmiiQr%EEQ!aﬁacé}@ﬁ@%ﬁé@e silicon. Here,

in a display systemusing a thin film transistor, if the characteristics

of the thin film.d Anghst rg:igg@s@hsehamrs £2F810h3PRTSEpnd t i

recogni zed as di'spersi on of l'ay characterfstics, resulting in | ow
0 SPLeY SHELILY 1 T, GRS T L m Lot stor

However, in the process applying the multi-shot
_%rradiation method, of the above-mentioned low |
temperature polysilicon processes, the crystal size of
the polycrystalline silican obtained (grain diameter: 0.1
to 5 um) is extremely small as comﬁared with the size of
the thin film transistors at present (about 5 to 50 um
square). Therefore, the characteristic of the thin film
transisﬁbr fabricated by use of the polycrystalline
silicon is, for example, such that the electron mobility
is as low as 100 cm?/Vs due to carrier trap at grain
boundaries of the polycrystalline silicon; thus, the thin
film transistor obtained is inferior to the transistor
ﬁqbricated in single-crystalline silicon.

Here, in a display system using a thin £ilm
transistor, if the characteristics of the thin film
transistor in a display area are dispersed, it is
recognized as dispersion of display characteristics,
resulting in low display quality. The dispersion of the

thin film transistor characteristics is due primarily to




the di spersion of polycrystalline grain dianmeter, which arises from

di spersion of |aser energy in the polycrystallization process,i17 November 2006
specifically, dispersion on an irradiation shot basis and distribution of
light intensity in the irradiation plane. FIG 14 shows the variation of
mean grain dianmeter of polycrystalline silicon against |aser energy in the
case where the sane portion is irradiated with laser light 20 tines. From
the figure, it is seen that where the |aser energy nay possibly vary by
8% if the laser energy exceeds the irradiation energy of 380 mj/cn?

corr esponding digdeis i idAIB AR dadlBher ge¥en RGRetBr, thRiAQ times of
irradiation, the grain dianmeter is rapidly |owered, and fine

crystal |i zatiQn QGG 91 iRy don F WhRkL bnkSgPecassaey to perform
irradiation at 350 mJ/cn2. It is also seen tﬁat t he dependency of grain

di amet er %1 5t SNALI% d1H NGAGE %%d’ s 8&15’1‘8%&&( g}; gb??%ﬁ of energy

of only 1 to a sperS|on 0 i amet ess than about
10% However preSS| .sper.si .l aser_ener for exanple,
wi thin O. §@51r5§§) 5 aghggﬁé%gﬁ rgggn gcggsg¥?%e pul se
oscillatian i err %é n.a OEt for exanple, in the case of

exci mer Idﬁg% Wi 't ﬁ%;%ﬂ? P 260 ns); accordingly, the crystal

6 17 Novenber 2006 . .
FIG. 14 shows the variation of mean grain diameter

of polycrystalline silicon against laser energy in the
case where the game portion is irradiated with laser

light 20 times. From the figure, it is seen that where

the laser energy may possibly vary by *£8%, if the laser

-

energy exceeds the irradiation energy of 380 mJ/cm?
corresponding to the maximum grain diameter even once in
the 20 Eimes of irradiation, the grain diameter is
rapidly lowered, and fine crystallization'occurs partly,

" so-that it is necessary to perform irradiation at 350
mJ/cm®. It is also éeen that the dependency of grain
diameter on laser energy is heavy and, for example, a
dispersion of energy of only *1% leads to a dispérsioﬁ of
grain diameter of no less than about *10%. However,
suppressing the dispersion of laser energy to, for
example, within io.s% is difficult to achieve at present,
because the pulse oscillation is performed in a short
time (for example, in the case of excimer laser, the

pulse width is 20 to 200 ns); accordingly, the crystal




grain dianmeter is dispersed. On the other hand, in the SLS nethod, it is
possible to obtain |arge-grain-dianmeter crystals uniform over # Navdmberr2006
However, since the irradiation of a sem conductor thin filmwth |aser
light is conducted through the mask 6 and the lenses 5, 7 of the focusing
optical system wutilization efficiency of light energy is |owered,
resulting in increases in treatnent tinme and cost per substrate. In
addition, there is need for a mechanismfor correction of focusing errors
due to waviness of the substrate or the |like, which also |eads to

increase | f%ﬁgahqgggtggngsaagsgg§geger substrate. Further, the stage on
whi ch to nount the substrate needs a novenent accuracy on the order of 1

gm so that equi Brept . c&sﬁeé st?&mcgh. .Ige&led%S in{[eti ) d?i fifti (ilé| t to enlarge
the irradiation aréa in view of prloduction cost gﬁ ‘hé f 6Cusi ng opti cal
system and di st.or.ti on of _inag and, therefore, there is the problemthat

t he treatmﬁﬂ?s4%&ﬁegonﬁgﬁafpn§?rﬁﬁ'gﬁal '?ﬁ%%eEﬁrLﬁ¥¥?5ﬁ$E)%Qﬁgﬁﬁﬁewference
of laser |ight as_%g aE lication of the SLS nethod, . utilization

of fi ci ency T PoHEOENBFED - | SYEOET bu *1FRrde drd 3HEHE G Ay probl ens.

Nanely, in this nmethod, at the_tine of varying the optical path |engths of
split 7 17 S8R isomeucigysthin film with laser light is conducted

through the mask 6 and the lenses 5, 7 of the focusing
optical system, utilization efficiency of light energy is
lowered, resulting in increases in treatment time and
cost per substrate. In addition, there is need for a
mechanism for correction of focusing errors due to
waviness of the substrate or the like, which also leads
to increase in treatment time and cost pef substrate.
Furthe£; the stage on which to mount the substrate needs
a movement accuracy on the order of 1 um, so that
equipment cost is high. Besides, it is difficult to
enlarge the irradiation area in view of production cost
6f the focusing optical system and distortion of image,
and, therefore, there is the problem that the treétment
takes much time.

In the method of utilizing the interference of
laser light as an application of the SLS method,
utilization efficiency of light energy is good, but there
are the following problems. Namely, in this method, at

the time of varying the optical path lengths of split




| aser light so as to vary the positions of the interference fringe, the
mrrors and the stepped transm ssive plate are noved by a mech?p'gcal b
nmeans. Here, in the case of using laser light which is oscillate OYebgr 2006
pul se form it is necessary to synchronize the displacenent of the
interference fringe with the oscillation frequency. However, in the nethod
of displacing the interference fringe by noving the mrrors and the

st epped transm ssive plate by the nechanical neans as above-nentioned, it
i s inpossible to synchronize the novenent of the mrrors and the stepped

transm ssi I with the laser light oscillated in a pulse format a
hi gh frequ%%%?/? gégh%oé?ian‘?t%?i%%gya 19? PG IRA RF W& ocity and novenent

accuracy of Ehefm' rrors.and the . stepped transm ssive plate. Therefore, it
is difficutt-thiShePfor it H9F eatherdtl HhPEhARA i Ats®esci | | ated | aser

light at a_high frequency of nore than 10 kHz, such as the laser |ight
osci | | at ed*FRORTAS PHYS P TRES | F5R iV eDIh 2 ImpsdarBasdd nemnisaselede pde
excitation, and this difficul tf«/ﬁ hanpers an increase in the speed of
treatnent 1ftRe senfe onbiuet I thage | 1 ightSUVNIRY iGF oBidE LLNMVENTII@Nal t is an
obj ect of the present invention to provide 8 17 Novermber 2006 a |aser
i rradi ati dPubppafartis thpeh|reedssmw My atyrecthicghize the

displacement of the interference fringe with the

oscillation frequency. However, in the method of

displacing the interference fringe by moving the mirrors

and the stepped transmissiwve plate by the mechanical

means as above-mentioned, it is impossible to synchronize

the movement of the mirrors and the stepped transmissive

plate with the laser light oscillated in a pulse form at

a high frequency, due to limitations as to the moving

velocity and movement accuracy of the mirrors and the

stepped transmissive plate. Therefore, it is difficult to

perform a treatment by applying pulse-oscillated laser

light at a high frequency of more than 10 kHz, such as

the laser light oscillated from a pulse oscillation solid

laser based on laser diode excitation, and this

difficulty hampers an increase in the speed of treatment

of a semiconductor thin film.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide




frequency a light pattern formed by an interference action of |aser |ight
and thereby contriving an increase in the speed of treatnent with the

| aser light, and a nethod of treating a sem conductor thin fiITﬁ%ﬁWQﬂ@ﬂéWos
it is possible to performat a high speed a treatnent for obtaining

| ar ge-grai n-di ameter polycrystalline silicon wth excellent uniformty of
grain dianeter by use of the laser irradiation apparatus. In order to
obtain the above object, in accordance wth one aspect of the present
invention, there is provided a |laser irradiation apparatus, including a

| aser |ight

er.atli ans, a_splLittin ans_for splitting ,the |aser
| i ght generaf%%gf%gkﬁggggﬁgge?pPﬁﬁgkuaeﬁagagﬁﬁQOfn@%ﬁ§g$n?6 a MPality of
beans, a %i ht %@tegf rence ans for causing the beans split by the
splitting "FEHE" Yo% nt8FFePEHFTR E3ERSAt R¥r 2R ol PBPRIALPRET odi ¢ | i ght
pattern, and.a ph%Sﬁ shi f Ln% means for electro-optically shifting the
hase of &€ &€RsPLonéser | 8Rdl Fhoreby senpEivprytahyindesastitting
P . ene ;
means. In the |laser irradiation apparatus thus constituted, the |aser
| i ght genéFafté§ FPERFt RE CasBFMENFhVigenehat lager nbbalst i samblat by the
splitting neans into a plurality of beans, which are caused by the Iight
i nt er f er eR€ENREaRS YreatipgenbeemPoosdutivot ntieih ef Blmi b eacdh atther ,
thereby forming a periodic
18 possible to perform at a high speed a treatment for
obtaining large-grain-diameter polycrystalline silicon
with excellent uniformity of grain diameter by use of the
laser irradiation apparatus.

In order to obtain the above object, in accordance
with one aspect of the present invention, there is
provided a laser irradiation apparatus, including a laser
light generating means, a splitting means for splitting
the laser light generated from the laser light generating
means into a plurality of beams, a light interference
means for causing the beams split by the splitting means
to interfere with each other to form a periodic light
pattern, and a phase shifting means for,eléctro—optically
shifting the phase of at least one of the plurality of
beams split by the splitting means.

In the laser irradiation apparatus thus constituted,

the laser light generated from the laser light generating

means is split by the splitting means into a plurality of

beams, which are caused by the light interference means




| ight pattern. Therefore, it is possible to generate a Ilight pattern with
utilization efficiency of laser light energy maintained at a hbg@er al H&ﬁ
as conpared with the case of formng a light pattern by use of guRer 2
addition, since the phase shifting nmeans for shifting the phase of at

| east one of the beans split fromthe laser light is provided, it is
possible to optically nove the light pattern forned by interference.

Besi des, since the phase shifting neans is for electro-optically shifting
t he phase, optical novenent of the light pattern can be perforned at a

hi gh frequenc e N Ssi ontrive an .i.ncy.ease in the
speed of t@?eé%lﬁeé%fgrérh@% o?éé{:hi ?t]?g?boéslg‘%%gjtfgorc%lnrﬁ ia%/epearlord;al&ucti on in
t r eat ment &i. ilmw th [aser |ight.

1”§ti na}:Eggti ng.,a S o'rceondq:ft.or thi.g f i
Further, sificati PAr&Shdssible o 19 whi¥t TheOS5TaSe Sala ShrGh 3 FFeguency
synchroni zed with the laser |i rt enerating neans for_ pul se oscillation
at a hi ghﬁ?ﬁiu@ﬁ%?r?tw’r p‘b"sg b?%tlt%n L%‘%af’aﬁjlleo{écé’r 14 ghtseyeiéti&t i ng neans
in which the life of an excitation |ight source is long but the repeated
pul se osci PRPEEAYN™2{ ReyLRFL Y2 F 2 NP HIRCE EL U, ForcRarR®, Wik ihse
oscillation solid | aser based on | aser diode excitation. Therefore, in the
| aser irra@Pr8ei 6 &pparad ud FbIhf AT NGy bers0U6 2 pealor nithg a treat ment
by optically nmoving the Iight

addition, since the phase shifting means for shifting the

phase of at least one of the beams split from the laser

light is provided, it is possible to optically move the

light pattern formed by interference. Besides, since the

phase shifting means is for electro-optically shifting

the phase, optical movement of the light pattern can be

performed at a high frequency. As a result, it is

possiblé to contrive an increase in the speed of

treatment. Therefore, it is possible to contrive a

reduction in treatment time in treating a semiconductor

thin film with laser light. Further, since it is possible

to shift the phase at a high frequency synchronized with

t@e laser light generating means for ﬁulse oscillation at

a high frequency, it is possible to use a laser light

generating means in which the life of an excitation light

source 1s long but the repeated pulse oscillation

frequency is high, such as, for example, a pulse

oscillation solid laser based on laser diode excitation.

Therefore, in the laser irradiation apparatus for
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pattern, it is possible to build up an apparatus which can operate
continuously for a long tine and which is high in reliability.

accordance with another aspect of the present invention, there”ilgovﬁ?qg?/izg@d
a method of treating a sem conductor thin filmincluding the steps of
irradiating the sem conductor thin filmwth a periodic light pattern
generated by interference of a plurality of beans split fromlaser |ight,
thereby partially nelting the sem conductor thin film and thereafter

noving the 1light pattern in the arrangenent direction of the |ight
pattern w {hi ange, of . the i i herepf ‘N}geg% t:hg Jrovenent of
the Iight %gjt:t@%%ﬁ%ﬁé %ar??ed&out&g&{/ &%le%telrl?(ﬂﬁi cally shlllf I ng the phase

of at |east e of .the_ split. n-the treatin thod, .at, the tine of
shifting t%%gg% %Sel%fl? hécg#‘e%m%oq?d ok%o ]ilccglur%/ anrbva}pr‘fga’{%e“g iqgﬁ“t%lhpat tern
formed by interference of the spJit_beans, so as thereby . to .obtain

| o go- gt ai F0; GREFEFS pOErSSPSrIY APk 4 htP SaTth L ATHER ni formi ty of
grain dianeter, . the gh%ée of the beamis shifted electro-optically, so
that the BpERchR ABVEARhtIDf- the Iight pattern is performed at a high

frequency. Therefore, a treatnment by noving the 11 17 Novenber 2006 |[ight
pattern at a hi ghiBREPITEICEMICHeANOARG Tt REPSFEe@L the present

invention, there is provided a method of treatipg a
gsemiconductor thin film including the steps of
irradiating the semiconductor thin film with a periodic
light pattern generated by interference of a plurality of
beams split from laser light, thereby partially melting
the semiconductor thin film, and thereafter moving the
light pattern in the‘arrangement direction of the light
patterﬁnwithin the range of the period thereof, wherein
the movement of the light pattern is carried out by
electro-optically shifting the phase of at least one of
the split beams.

In the treating method, at the time of shifting the
phase of the beam for optically méving the light pattern
formed by interference of the split beams, so as thereby
to obtain large-grain-diameter polycrystalline silicon
with excellent uniformity of grain diameter, the phase of
the beam is shifted electro-optically, so that the
optical movement of the light pattern is performed at a

high frequency. Therefore, a treatment by moving the

11




of treatnent is enhanced. Therefore, the treatnent tine in treating the
sem conductor thin filmfor obtaining |arge-grain-dianmeter pol st al |
silicon with excellent uniformty of grain dianeter can be Shoﬁﬁ\%/gragerzb&e
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a diagram show ng the
constitution of a |laser irradiation apparatus according to First

Enbodi nent; FIGS. 2A to 2F are diagrans illustrating a nethod of treating
a sem conductor thin filmaccording to First Enbodinent; FIG 3 is a plan
view illustrating the nmethod of treating a sem conductor thin film

according to First _Enbodi nent.; .FI G .S a diaqr iLlus t] he
lateral growir BSEESHY &n TSP & gopsdugtggagﬁg% éh%wgﬁge he

constitution of a |laser irradiatjon_apparatus according to second

Enbodi nentef Frgat@sis a}sdieéﬁ’raé’rﬁe&omfﬁgg? %r%onglf‘?t ’f‘f’%ﬁm?ﬁt aMhser

irradi ati on apparatus according to Third ,Enbordli ment ; §2 17 . Novenber 2006
FIG 7 is i dxeftdmd IMnstSeRiamiRcrernsdiss tedBatthg 28R B8nduct or thin

filmaccording to Third i o .
large-grain-diameter polycrystalline silicon with

excellent uniformity of grain diameter can be shortened.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the constitution of a
laser irradiation apparatus according to First
Embodiment;

FIGS. 2A to 2F are diagrams illustrating a method
of treating a semiconductor thin film according to First
Embodimént;

FIG. 3 is a plan view illustrating the method ¢f
treating a semiconductor thin film according to First
Embodiment;

FIG. 4 is a diagram illustrating the lateral growth
of silicon crystals;

FIG. 5 is a diagram showing the constitution of a
laser irradiation apparatus according to Second
Embodiment;

FIG. 6 is a diagram showing the constitution of a
laser irfadiation apparatus according to Third

Embodiment;
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Enbodi nent; FIGS. 8A and 8B are sectional step diagrans (No. 1)
illustrating a first exanple of a nethod of fabricating a thingfy

transi stor by application of the nmethod of treating a genicondu%igéﬁ%ﬁ?ﬁmm
filmaccording to the present invention; FIGS. 9A and 9B are sectional
step diagranms (No. 2) illustrating the first exanple of the nethod of
fabricating a thin filmtransistor by application of the nethod of
treating a sem conductor thin filmaccording to the present invention;

FI GS. 10A and 10B are sectional step diagrans (No. 1) illustrating a

second exanpl e ofsthe; et hodaolo, LabE§ 6ALLDG 2oL Ny ehaALsaNSi Stor by

appliﬁation of t od o eating a sem conduct or in filmaccording
to the present..inventian; FILG QS sectional. st Lagram (No. 2

i 11 ustrat i g 1 HE'S 6t ST SRS O5f Jf:t%hlél rrfg“tlﬁnoﬁcgf)r% 5%r iggaglh’%lgda t§1i n fi I) m
transi stor Q@!ication of the method of treating a sem conductor thin
film accordh e ihe present invention; FIG 12 is a sectional view of a
maj or part of a _13 17 Novenber 2006 dispIaX systemconstit %ed by use of
a thin transistof 166t aPRednByBppFrcaBFrbnBRlt A eﬂe?h%%r%Tstr %ti%% a

illustrating a first example of a method of fabricating a
thin film transistor by application of the method of
treating a semiconductor thin film according to the
present invention;

FIGS. 9A and 9B are.sectional step diagrams (No. 2)
illustrating the first example of tﬁe method of
fabricating a thin film transistor by application of the
method of treating a semiconductor thin film according to
the preéént invention;

FIGS. 10A and 10B are sectional step diagrams (No.
1) illustrating a second example of the method of
fabricating a thin film transistor by application of the
.ﬁethod of treating a semiconductor thin film according to
the present invention;

FIG. 11 is a sectional step diagram (No. 2)
illustrating the second example of the method of
fabricating a thin film transistor by application of the
method of treating a semiconductor thin film according to
the present invention;

FIG. 12 is a sectional view of a major part of a

13




sem conductor thin filmaccording to the present invention; FIG 13 is a
constitutional diagramshowi ng an outline of the treatnent of & b

sem conductor thin filmby a conventional SLS nethod; and FIG 1'\Allovleg' g 2006
graph showing the relationship between |[|aser energy and nmean grain

di aneter of polycrystalline silicon. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Herei nafter, enbodi nents of a |aser irradiation apparatus and
a method of treating a semi conductor thin filmaccording to the present
invention will be described in detail below referring to the draw ngs.

[First Enbodinent] Laser lrradiation Apparatus FIG .1 s a .diagram show ng
Lhe const | RUTPBAY oPVBRER EXAaPt BLeTa ho RaRerE % r ol e OH Apiarat us
according to_ _the.present_invention., The |aser _irradi ation apparatus shown
in the figaPEaiRcdskY, 2Pl 1eXahpt oF fighe ATt Mt t Xt st al I zi ng a
sem conductor ' thin film The |aser irradiation apparatus shown in the
figure 1453 REUEHBEPT 206N fhil eeCEIIBE O | FidhitPERIRat i on neans 101
consisting of a |aser diode excitation type YAG |aser. The laser |ight

gener at i on1REAR81IB1 generates laser light H at a

FIG. 13 is a constitutional diagram showing an
outline of the treatment of a semiconductor thin film by
a conventional SLS method; and

FIG. 14 is a graph showing the relationship between
laser energy and mean grain diameter of polycrystalline

silicon.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

ﬁereinafter, embodiments of a 1aser irradiation
apparatus and a methodvof treating a semiéonductor thin
film accoxding to théipresént_invention will be-degcribed
in detail below referring to the drawings.
'[First Embodiment]

Laser Irradiation Apparatus

FIG. 1 is a diagram showing the constitution of one
example of the laser irradiation apparatus according to
the present invention. The laser irradiation apparatus
shown in the figure is used, for example, for a treatment
for crystallizing a semiconductor thin film.

The laser irradiation apparatus shown in the figure
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repeated pul se oscillation frequency of about 1 to 100 kHz. As the |aser
| i ght generation neans 101, one provided with an injection se
preferably used, for enhancing interference properties. In ad??ﬁ%gﬁﬁmﬂgooe
preferable to use a YAG | aser having a top hat type beam profile so that a
uniformlight intensity profile can be obtained in the irradiation region.
As such a laser light generation neans 101, for exanple, a system obtai ned
by fitting an injection seeder to 210-UV series, a product by Lightwave
El ectroni cs, can be used. A higher harnonics generator 102 is disposed in

the emi ssjon disect i s fgﬁ WSl O, Hagnenahied b (g o4 gger |1t

generation neans’ﬁdﬁ arnDn|cs gener at or isC nprlsed of
Li B3(o (LBC» or Ba (BBC» onverts_the funda | wave
(wavel ength: asﬁ)%éfﬁr% ® FEHE tilasrbr q'H Srdrat 8- fro%efhgegkélger |'i ght
generation neans 101 to the third harnDnlc (wavel ength: 355 nm). By this,
the | aser J$HPE2H At W WlrSt St ?ﬁéﬁl §%a§ ful se width of
about 30 ns, and energy per. pulse of 0 6 M} (at the time of 10

kHz
osci | | at | oF§PeaBRd PWNeire R bl on rf’—fﬁﬂéleé’fﬁyéﬁfor?%%ét i%h 180 the | aser

light Htransmtted through the higher harnonics generator 102, a
transnitt afge- vasi sbee leisght lighéngeneratdgnanganshélm one

provided with an injection seeder is preferably used, for
enhancing interference properties. In addition, it is
preferable to use a YAG laser having a top hat type beam
profile so that a uniform.light intensity profile can be
obtained in the irradiation region.. As such a laser light
generation means 101, for example, a system obtained by
fitting an injection seeder to 210-UV series, a product.
by Lighéwave Electronics, can be used.

A higher harmonics generator 102 is disposed in the
emission direction of the laser light H generated by the
laser light generation means lbl. The higher harmonicé
Qenerator 102 is comprised of LiB3O§u(LBO) or BaB;0, (BBO)
crystal, and convefts the fundamental wave (wavelength:
1064 nm) of the laser light H generated from the laser
light generatibn means 101 to the third harmonic
(wavelength: 355 nm). By this, the laser light H after
the wavelength conversion has a pulse width of about 30
ns, and energy per pulse of 0.6 mJ (at the time of 10 kHz

oscillatibn).
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splitter 104 as a splitting neans for splitting the laser light are
sequentially arranged. The beam splitter 104 splits the |aser {7 gdvembbri266e®
two beans at an intensity ratio of about 1:1, reflects a first beam hi
thus split, and transmits a second beam h2 thus split. A phase shifting
means 105 is disposed in the transm ssion direction of the beamsplitter
104. The phase shifting nmeans 105 is such that the phase of the |ight
transmtted therethrough is freely variable by wutilizing an

el ectro-optical effect. As such a phase shifting nmeans 105, there are
those using the g yistialemwfss bR R4 oot @s shfimicd Mydreag drigghrss phat e: KDP)
NHAH2PO4  (anmoni um di hydr ogenphosphate: ADP), Li TaG3, Li NoG3, Ba2NaNb5015

or the likegasiwekh knowAghThasenegustaharaanicprgseeatde 1@sera beam
transmtted through the crystal wth a phase retardation according to the

vol t age kqg%g&g%gaBESEGQQiaB@Eelibﬂ;oégeénhatafey@mta@ddis&&ﬁbance from
being generated in the light intensity profile of the |aser 1ight

radiated fromthe Lager icradiation appanat s dugl it Oihderns rengement of
t he phases i %Fﬁghﬁéaég %Oggithe 13 17 hbven%er§2606 %rystal used for the

phase o100 e aeks st SPRsCRashal okl st vt fuah sgeunacy whi ch
splits the laser light H into two beams at an intensity
ratio of about 1:1, reflects a first beam hl thus split,
and transmits a second beam h2 thus split.

A phase shifting means 105 is disposed in the
transmission direction of the beam splitter 104. The
éhase shifting means 105 is such that the phase of the
light transmitted therethrough is freely variable by
utiliziﬁg an electro-optical effect. As such a phase
shifting means 105, there are those using the crystal of
KH,PO, (potassium dihydrogenphosphate: KDP), NH4H,PO,4
(ammonium dihydrogenphosphate: ADP){ LiTa0,;, LiNbO;,
BaQNaNbghj or the like, as well known. These crystals can
provide the_laéer,beam transmitted through the crystal
with a phase retardation according to the voltage
impressed thereon.

Here, in order to prevent a disturbance from being
generated in the light intensity profile of the laser

light radiated from the laser irradiation apparatus due

to the arrangement of the phase shifting means 105, the -
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V so that the wave front distortion at the tine of transm ssion of the
second beam h2 will be not nore than 1/10 (35 nn). In additi orl7 Nevember 2006
reflector 106 is disposed on the optical path of the second beam h2
transmtted through the phase shifting nmeans 105. The reflector 106 is
arranged as a light interference nmeans; nanely, the reflector 106 reflects
the second beam h2 transmtted through the beamsplitter 104 so that the
second beam h2 intersects with the first beamhi reflected by the beam
splitter 104 at a predeterm ned angle, whereby the first beamhl and the
second beanmyk2adr essdpépposbe ahdsei shdfréne weehsedlh 8herkKPB--generate a
periodic light pattern. (here, an interference fringe). Here, the

pr edet er nichgd tangpelasakdt e thi e gbf acicntrergewhioh ptovhdefiast beam hl and
the second beamh2 is set as follows. Nanely, the period P of the

i nterferepggskr iaga ganrgoat ed weeh txo dasaiphanisd Wdltaye wivalsength 1.
are incident on a substrate surface at an included angle 6 (radian) is

given by thed enasl @nePuwavhk Ei2sitn@i®/td)kioh7 at7 thevenher 02006 From the
formula, it is seen that when an interference fringe with a period of 4.0

gmis to Re, 9eNeLaled o8N thie SWhRC @ elin hRewsuhsbeahecWibRet BRagfase
A/10 (35 om).

In addition, a reflector 106 is disposed on the
optical ?ath of the second beam h2 transmitted through
the phase shifting means 105. The reflector 106 is
arranged as a light interference means; namely, the
reflector 106 reflects the second beam h2 transmitted
through the beam splitter 104 so that the second beam h2
interse;ts with the first beam hl reflected by the beam
splitter 104 at a predetermined angle, wheréby the first
beam hl and the second-beam h2 are superposed and
interfere with each other to°generate a periodic light
battern,(here? an interference fringe).

Heré, the predetermined angle 0 at the time of
‘intersection of the first beam hl and the second beam h2
is set as follows. Namely, the period P of the
interference fringe generated when two laser beams with a
wavelength 1 are incident on a substrate surface at an
included angle 6 (radian) is given by the formula:

p = A/{2sin( 6/2)}.
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where 1= 355 nm the included angle is 0 = 5.09 Accordingly, the reflector
106 is so set as to reflect the second beam h2 so that the se

intersects with the first beamhi reflected by the bean1sp|itﬁgﬁﬂy %ﬁ&g@gb
an included angle 0 = 5.09" In addition, a stage 100 on which to nount the
substrate Wto be treated is arranged in the reflection direction of the
reflector 106 and the reflection direction of the beamsplitter 104. Here,
such a setting is made that the periodic |ight pattern (here, the
interference fringe) Hp generated by superposition and interference of the

first beam hi anﬁl thetggc%ggm £am J;%Oi';:sl%géa}gi&;a%d v8(841,}0 atrpe surface of the

substrate Wnounted" on the s age e stage 1 s, for exanple, an xy
novabl e stage of the stepgﬁng nogor drive tgge. Transmi ttance-vari abl e
|ight att&RGEEEPESDE? £FenSG ¥pbSed PELSpRCtPYety0od™ HE &Pt iP€al path of the
first beamhi and the optical path_of. the gecond b amhzFl These 1ight

at t enuat oP§REHRCEFe Ohis EdSh P IAFRGE PhgtPReSUPFEREREt VahR 5T hEF%0f so t hat

the contrast ratio of the [|ight pattern Hp radiated onto.,the surface of
the 18 17wNevenber 2006 nwubdhe dmeindest m@ele i6d.9 opti A systens 108 each

conprised of cylindrical convex and concave |enses are disposed in the
em ssi on Accordingly, the reflector 106 is so set as to reflect

the second beam h2 so that the second beam h2 intersects
with the first beam hl reflected by the beam splitter 104
at an included angle 8 = 5.09°

In addition, a stage 100 on which to ﬁount the
substrate W to be treated is arranged in the reflection
direction of the reflector 106 and the reflection
direction of the beam splitter 104. Here, such a setting
isfmadeﬁﬁhat the periodic light paftern {(here, the
interference fringe) Hp generated by superpositién and
interference of the first beam hl and the second beam h2
is radiated onto the surface of the substrate W mounted
én the stage 100. The stage 100 is, for example, an Xy
moyablé stage .of the stepping motor drive type.

Transmittance-variable light attenuators 107 are
disposed respectively on the optical path of the first
beam hl and the optical path of the second beam h2. These
light attenuators 107 are used by adjusting the
transmittances thereof so that the contrast ratio of the

light pattern Hp radiated onto the surface of the
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directions of the light attenuators 107, and, further, an orifice

(di aphragm) 109 is disposed on the optical paths of the first beevember2066
the second beam h2 transmtted through these optical systens 108 so that
the light pattern Hp formed by the first beamhi and the second beam h2
transmtted through the orifice 109 is radiated onto the substrate W
These optical systens 108 and the orifice 109 are provided so as to shape
the irradiation region of the light pattern Hp relative to the surface of
the substrate W Partjcularly, here, it is preferable to selectively
shape the TYRIFALS dh T2Pon1Eb%8Rat the variations in light intensity
will be within the range of 20% Accordingly, for exanple, where the

210- WV series p Y A5t el Pe SRICEC coowirdseids ofiseyrlasdrheal aser
l'ight generation neans 101, the region of 0.21 nmm X 0.21 mmin a central
portion ofcemées aznd ¢ontavegehernsgedis dsmanddasiaenissddirat i on
region. In the laser irradiation apparatus constituted as above, the |aser
| i ght H gederexttetbry ethethaskight ght temgersrat i 10V nmeans, Hik-taed ,t e hi gher
har nmoni cs generator 19 17 Novenber 2006 102 is split by the beamsplitter
104, the smcohitderhdthiodgmhel 0 9wispdidpdmeaimon sHefdmated bwthke
reflector 106 to interfere with the first beam hi, whereby the periodic

of the first beam hl and the second beam h2 transmitted

through these optical systems 108 so that the light

pattern Hp formed by the first beam hl and the second

beam h2 transmitted through the orifice 109 is radiated

onto the substrate W.

These optical systems 108 and the orifice 109 are

provided so as to shape the irradiation region of the

light pattern Hp relative to the surface of the substrate

W. Particularly, here, it is preferable to selectively

shape the irradiation region so that the variations in

light intensity will bé within the range of *20%.

: Accordingly, for example,'Where the 210-UV series

p{oduced by Lightwave Electronics is used as the laser

light generation means 101, the region of 0.21 mm X 0.21

mm in a central portion of the laser light generated is

selected as the irradiation region.

In the laser irradiation apparatus constituted as

above, the laser light H generated by the laser light

generation means 101 and the higher harmonics generator
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i ght pattern (interference fringe) Hp is fornmed, and it is radiated onto
the surface of the substrate Won the stage 100. Therefore, th%!tl«%v%rrr]xh r 2006
pattern Ho with wutilization efficiency of |laser |ight energy naintai %(f
to be higher can be generated and radi ated onto the substrate W as
conpared with the case of the related art where a simlar |light pattern
formed by use of a mask is radiated onto the substrate Was has been
described referring to FIG 13.. In addition, since the phase shifting
means 105 for shifting the phase of the second beam h2 is provided, the

light pattepn;genenated t hpughamntenfierenceogan-he 9ptigal byaponed on the
stage 100. The novenent "‘can be perforned within the range of high

preci si On.o%h%rtertv}oh%%lét%:h%eelﬁrsi od Qb gt %t!eidglgk eﬁgt%%g@tgﬁn%@t ed

through interterence. the other hand, in the case ere a simlar

i ght pattern_forned by.use of a. K. i,mlarly, npoy he.stage, it
IS necess roy ES ?raefroer )rqvql%gl r’%glghgr%?%gl br?%\r}le%rr%ht w%)?r%]PYvFﬁ% ?%Egcs)?%iée 100,
and the t.age 100 rmust he pravided wiith a drivin stemwi th ., high

o1 ot on L 16hT RATURI (ROTETESSETCE FRISEE) 58 19 RetEier bB0s"
Therefore, in the apparatus according tq the present enhodi rregt, t he stage
100 provi d&€d & %%@Waﬁlhﬁ StEdE S0Pt iy es?égﬁFﬁﬁtﬁDWo?ndF Ve type is

not required to ) .
stage 100. Therefore, the light pattern Hp with

utilization efficiency of laser light energy maintained
to be higher can be generated and radiated onto the
substrate W, as compared with the case of the related art
where a similar light pattern formed by use of a mask is
radiated onto the substrate W as has been described
referring to FIG. 13..-

In addition, since the phase shifting means 105 for
shifting the phase of the second beam h2 is provided, the
light pattern generated throughmzﬁéerference can be
optically moved on the stage 100. The ﬁovement.can be
performea within the range of high precision shorter than
.;he period of the light pattern Hp generated through
interference. On the other hand, in the case where a
similar light pattern formed by use of a mask is
similarly moved on the stage, it is necessary to perform
a mechanical movement by driving the stage 100, and the

stage 100 must be provided with a driving system with

high precision, so that equipment cost is raised.
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perform hi gh-preci sion novenents, so that a reduction in equi pnment cost
can be realized. Besides, while the apparatus using a mask needd Nogembsx2606
focusi ng optical system the apparatus of the present enbodi nent does not
need a focusing optical system and does not need | enses other than those
for beam shaping. Therefore, even where a short wavel ength | aser such as
the fourth harnonic (wavel ength: 266 nn) of YAG |aser, an XeCd exciner

| aser (wavel ength: 308 nn) and a KrF ecinmer |aser (wavelength: 248 nm is
used as a light source, the apparatus of the present enbodi nent does not
need speciBleredfiinss; irhdérhd GroaE@fHpPReaTCrddsy ¢an the pregeoed, and

scal e-up can be easily realized. Particularly, since the phase shifting
means 105 emizwtinantt helpy esmge arffoginmeritdelds agnenf ary shiviabilegsthge phase
el ectro-optically, the shifting of phase can be perfornmed at a high
frequency,ofharted ystedeimgptiaalr dmiwerenpeofist hetl irghtuipatdt eon Hp can be
performed at a high frequency. Therefore, in the case of irradiating the

surface ofpddfwubsigate-aid idh e dricgitls ,palst ehatHa relil-e iept igal |y
noving the irradiation position of the 21 17 Novenber 2006 |ight pattern

Ho, it is Asdrdif taptdLaldy vavg Adee irradiation position of the |ight
pattern Hp at a higher speed, and to contrive a reduction in treatment
time. Besides, while the apparatus using a mask needs to

have a focusing optical system, the apparatus of.the

present embodiment does not need a focusing optical

system and does not need lenses other than those for beam

shaping. Therefore, even where a short wavelength laser

such as the fourth harmonic (wavelength: 266 nm) of YAG

laser, an XeCl excimer laser (wavelength: 308 nm) and a

KrF eci&er laser (wavelength: 248 nm) is used as a light

source, the apparatus of the present embodiment does not

need special lenses; therefore, equ;pmen;_cost can be

reduced, and scale-up can ge easily realized.

Particularly, since the phase shifting means 105

géed in the present embodiment is one for shifting the

phase electro-optically, the shifting of phase can be

performed at a high frequency, namely, the optical

movement of the light pattern Hp can be performed at a

high frequency. Therefore, in the case of irradiating the

surface of the substrate W with the light pattern Hp

while optically moving the irradiation position of the
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In addition, since the phase can be thus shifted at a high speed, it is
possible to shift the phase synchronously with |aser |ight of Hl\?ovBHLéeroos
oscillation type with a high oscillation frequency. Therefore, it Is
possible to use a |aser light generation neans 101 with a high oscillation
frequency such as a laser diode excitation type YAG |aser. The | aser diode
excitation type YAG |laser has a life at the tinme of continuous use of not
| ess than 10,000 hr (10 kHz) This life is longer by not |ess than one
order, as conpared with the lanp replacenent period of a flash |anp

excitati onlQyBw pebrepul$e, 05€i 1k apbbonisnl i th | A0 SO thk0 kHz), so
that it is possible to build up a |aser irradiation apparatus wth high

reliability-phiche£an fesopesated €00t1 nuousiak e H,00 dptad e5%,5tpa3 one year.
In the abovg, descript$§ﬁ|has been nade of §%e congg?fhtion:$%§3hich t he

h hi f L 5 i $Li ' /
phase shif Qg?rfeéx_@& 405 5QF r1 581 § t@@ué@forpr&%e%r%aoﬁﬁ éé%geméednd beam h2

el ectro-optfcally I's disposed on the optical pa
betueen the bear sply i 01 At g e ghole cotiveer et phace
(e opurcal, paLp gledde 11rel beaml. oL of.ihe gpl el path of the second
above synchronously with laser light of the pulse oscillation

type with a high oscillation frequency. Therefore, it is

possible to use a laser light generation means 101 with a

high oscillation frequency such as a laser diode

excitation type YAG laser. The laser diode excitation

type YAG laser has a life at the time of continuous use

of not less than 10,000 hr (10 kHz). This life is longer

by not iess than one order, as compared with the lamp

replacement period of a flésh lamp excitatioﬁ'Q switéh

pulse oscillation solid laser of 500 hr (10 kHZ), so that

it is possible to build up a laser irradiation apparatus

with high feliability which can be operated continuously

f?r not less than one year.

In the above, description has been made of the

constitution in which the phase shifting means 105 for

shifting the phase of the beam electro-optically is

disposed on the optical path of the second beam h2

between the beam splitter 104 and the reflector 106.

However, the phase shifting means 105 can be disposed at
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can be obtained. In addition, as the means for generating the |ight

pattern Hp (light interference neans), an interferonmeter such %Mergggrlzaw
interferoneter and Fizeau interferometer may be used. In this case, Dby
provi ding the above-nentioned electr.o-optical phase shifting neans on
the optical path of the split beamin each of these interferoneters to
constitute a laser irradiation apparatus, it is possible to performa

hi gh-speed treatnment in the sane manner as by the | aser irradiation
apparatus shown in FIG 1 described above. Besides, in the above

descri pti Qfhy thesaptddn 3stphs k08 aaeh c¢onpL $69ef peyhi pdrigal convex
and concave lenses and the orifice 189 have been provided for shaping the

|1 radi at§ oy gl o ofcdihg JoOb: Akt ebbo-genctal 6d t oyl i ohor f er ence.

When non-spherical” 1ens “type or non-spherical mrror type optfcal systens

are used : [ : ns it .S passible t uniformze to a
certain e%%%ﬁ%ngﬁgﬂ{éggbt%¥é%ﬁ“Hwé%?ﬁbg té&u%?ﬁgnegggfglgsaﬁ Yo further
enhance th%_ugalkéggh%%d efficiency of |aser |ight energy. 23 17 Novenber
2006 |n t18" dbove, %i'ice it has been an object to optically move the |ight

attern Hp at a hi gh f.requency, . description has been nade of. the case
Rhere theplaser Ingaddltgon, Xs the means gor generating the light

pattern Hp (light interference means), an interferometer )
such as Michelson interferometer and Fizeau

interferometer may be used. In this casé, by providing
the above—mentiqned electro-optical phase shifting means
on the dptiéal path of the split beam in each of these
interferometers to constitute a laser irradiation
apparatus, it is possible to perform a high-speed
treatmeﬂt in the samé manner as by the laser irradiation
apparatus shown in FIG. 1 described above.

Besides, -in the above description, the optical
systems 108 each comprised of cylindfical convex and
concave lenses and the orifice 109 have been provided for
s?gping the irradiation region of the light pattern
generated through interference. When non-spherical lens
type or non-spherical mirror type optical systems are
used as the optical systems 108, it is possible to
uniformize to a certain extent the lase; light H with a

Gaussian profile and to further enhance the utilization

efficiency of laser light energy.
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di ode excitation type YAG |laser is used as the laser |ight generation
nmeans 101. However, a flash lanp excitation type Q switch YAG7ag0émbéoos
al so be used as the |laser |ight generation nmeans 101. Method of Treating a
Sem conductor Thin Film Next, as a nethod of treating a sem conductor thin
filmaccording to the present invention, a treating nethod in the case of
crystallizing an anorphous silicon thin film (sem conductor thin film by
use of the laser irradiation apparatus described referring to FIG 1 w |
be described. First, a substrate Wincluding an anorphous silicon thin
filmL formed onia ghassbswest sdheeSitshpsepaefdan IhgeapoEPhoOUs silicon
thin filmL is, for exanple, forned on the glass substrate S through a

silicon mé;fﬂﬂ@az(ﬁ} Nebve fiihdn Bicha puiddec@n upXisde o( §102) shkkyembi.ch are not

shown here, according to the constltutlon of athinfilm ‘transistor to

whi ch the cg%aﬁ%@lfo& neat Ifk R nafMFonguctals wh%xf |-l §,80p! i ed. The

formation se filnms is conducted, for 24 17 Novenber 2006 exanple,

by the so-galled plaste VD fehameal,apqr, denasii aa) geLed or other CVD

met hod in 1¢h raw eri gases are |ntro vacuum film
formation ffgﬁg’ eﬁergﬁgégléean§|Qf§ SHQ%&@Q%? ISflash lamp

excitation type Q switch YAG laser may also be used as

the laser light generation means 101.

Method of Treating a Semigonductor Thin Film

Next, as a method of treating a semiconductor thin
film according to the present invention, a treating
method in the case of crystallizing an amorphous silicon
thin film (semiconductor thin film) by use of the laser
irradiation apparatus described referring to FIG. 1 will
be described.

First, a substrate W including an amorphous silicon
thin film L formed on a glass substrate S is prepared.
$§e amorphous silicon thin film L is, for example, formed
on the glass substrate S through a silicon nitride (SiN,)
film and a silicon oxide (Si0;) film which are not shown
here, according to the constitution of a thin film
transistor to which the method of treating a
semiconductor thin film is applied.

The formation of these films is conducted, for
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cont ai ned, and gl ow di scharge is caused between parallel flat plate

el ectrodes on which rf power with a frequency of 13.56 MHz is iﬂp&%&%&quG
t her eby deconposing the mxture gas and building up the desired film
according to the steps for fabricating a thin filmtransistor. Here, in
the case where the filmformation is conducted by the plasma CVD net hod,
first, the glass substrate Sis contained in the vacuumfilmformation
chanber, and the glass substrate Sis prelimnarily heated (for exanple,
400C). Silane gas (SiH4) and amoniumgas (NH3) as raw material gases are

i nt r oducede@kmp Be Pr 6§ SLHE %-d@ﬂl@@_}%ﬁé&né hevty acinm fdd imJfydpt i on
chanber, mhere%y an SiNg filmis built up in a thickness of 100 nmon the

gl-ass subsgrabe:r Next methéde 825 1R0H P VRaNL P2y am W_z'%} erial gases
are introduced, whereby an SiQ2 filmis buirlt up 1n a thickness of 200 nm

on Lhe Srpariila Jhecealiers only,Lhe SIANE IAR. D Jihy oduced al @

pressure o ereby a hydrogenated anor phous fcon thin filmlL

s Dol ekl Skaisgzolg iisy S0 MptMBLEAllEa M on (he SIC:
silicon thinnfiln1%lin %géfs q%.aégg}cerfiiégdg éicnﬂwég? 'Eheligqrphous
silicon thfRAFRHHEE: 137 Hh thicharge 1s ed bet para

flat plate electrodés on which rf power with a frequency

of 13.56 MHz is impressed, thereby decomposing the

mixture gas and building up the desired f£ilm, according

to the steps for fabricating a thin film transistor.

Here, in the case where the film formation is
conducted by the plasma CVD method, first, the glass
substrate S is contained in the vacuum film formation
chamber;.and the glass substrate S is preliminarily
heated (for example, 400°C). Silane gas (SiH,) and
ammoniumhéas (NH3;) as raw material gases are introduced at
a pressure of 100 Pa into the vacuum film formation
éhambef,'whereby an SiN, film is built up in a thickness
Qg 100 nm on the glass substrate. Next, silane gas and
oxygen (0;) as raw material gases are introduced, whereby
an SiO, film is built up in a thickness of 200 nm on the
SiNx film. Thereafter, only the silane gas is introduced
at a pressure‘of 150 Pa, whereby a hydrogenated amorphous
silicon thin film L is built up in a thickness of 30 to

300 nm, typically 50 nm, on the SiO, film. The amount of
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manner as above is polycrystallized according to the follow ng procedure
described referring to the sectional step diagramshown in FI b o?éﬁe
First, by adjusting each portion of the laser irradiation apparatu i

in FIG 1, pulse oscillation of laser light Hat a frequency of, for
exanple, 1 kHz is conducted and interference thereof is caused. Then, as
showmn in FIG 2A a light pattern Hp having a light intensity profile such
that a light portion with a width of 2 um appears at a period of 4 umis
radiated onto a first region Li (0.2 nmX 0.2 mm) of the anorphous

silicon thhpafdddn Li @nchbesdrdaass ofi the s ulsty @1@.{11\/\6‘_. By, ckhis ogach of

irradiation portions (light portions) with a wd of 2 umin the first

region L1 of the anpiphpus,p&id igon thin filmlL |s sel ectively nelted as
the crystallization portion at the first shot 201. In this case, each of

Tl ntal ned at A LeRper A Fomar - op ﬁ”% SEHAF ngmaa?ﬁtl%f Hhor phous

mai ntai ned at a terrperat ower
silicon byma{lrg)ljtlerleass ég\gn iLé)O%l e jrradjation at the f brst shot 201,
no voltagdeis |rrpr esse on tihe Pph aysse %%Jﬁ‘% GIREATSE168) CBF 26 17

Novenber PO]rGSl t he | aser ({lrrad atcl o%aqo etus Duri ré% cooling after
conpl et i on” Of - THEY rFERF AT FON T SHAS 301 FDSoPGEFYSPEL i ne
silicon Issqggsgiagram shown in FIGS. 2A to 2F.

First, by adjusting each portion of the laser
irradiation apparatus shown in FIG. 1, pulse oscillation
of laser light H at a frequency of, for example, 1 kHz is
conducted and interference thereof is caused. Then, as
shown in FIG. 2A, a light pattern Hp having a light
intensity profile such that a light portion with a width
of 2 uﬁ-appears at a period of 4 um is radiated onto a
first region L1 (0.2 mm X 0.2 mm) of the amorphous
silicon thin £ilm L on the su;face of the substrate W. By
this, each of irradiation portions (light portions) with
a width of 2 pm in the first region L1 of the amorphous
$%1icon thin film L is selectively melted as the
crystallization portion at the first shot 201. In this
case, each of non-irradiation portions (dark portions)
with a width of 2 um is maintained at a temperature lower
than the melting point of amorphous silicon by not less

than 100°C. In the irradiation at the first shot 201, no

véltage is impressed on the phase shifting means (105) of
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to laterally grow fromthe boundary portion between a nolten region and an
unnmel ted region toward the nolten region. In this case, mhere1phgvgﬁ&gzom§
the nolten regions is not nore than 2 tines the distance over which the
crystal can laterally grow, for exanple, where the wdth of the nolten
regions is not nore than 2 tines of about 0.1 to 5 gmin the case of a
silicon thin filmwith a thickness of 50 nm one tine of irradiation
results in the formation of lateral growth regions in a stripe pattern
over the entire area of the light portions. The distance over which the

crystal cap.of %Laifféaixtigﬁp§§?§r99uéhe pul se width and pul se shape of
the laser, and increases as the thickness of the sem conductor thin film

i ncreases and a%Jﬂi*gfLe%)&%%%{?er%%{%%tﬁL eS¢ t‘g}@_e ;haterak jgrowth will

gﬁo?eggalsd laagréted one, ti or. lural o?sfr. |gh; o e LLrSt

vol t age OFESggeVE?ESFn%gggsgg?Onp??%gﬁ%%géii% ?f%{%g§%%gﬂi %ﬁ%%%{ 8
appar at us opyabRraL Y e B0 RRoPnE e BOSRRa R AT AT it 1 5 nary

The ar 1 anGEREAR BFELCRI BRO: ABr BORSR SoPorr et TRdt S TS A LA at the |

second shot 202 with end edges
region. In this case, where the width of the molten

regions is not more than 2 times the distance over which
the crystal can laterally grow, for example, where the
width of the molten regions is not more than 2 times of
about 0.1 to 5 um in the case of a silicon thin film with
a thickness of 50 nm, one time of irradiation results in
the formation of lateral growth regions in a stripe
patternvﬁver the entire area of the liéht portions. The
distance over which the crystal can grow laterally
dépends on the pulse width and pulse shape of the laser,
and increases as the thickness of the semiconductor thin
film increases and as the substrate temperature rises.
Thg lateral growth will be detailed later.

After the irradiation with laser light at the first
shot 201 is conducted one time or a plurality of times as
required, a voltage of 500 V is impressed on the phase
shifting means (105) synchronously with the pulse
oscillation of the laser irradiation apparatus. By this,

as shown in FIG. 2B, the first optical primary scanning
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overl apped with the first shot 201 is conducted. Then, at the portions at
the second shot 202 in the first region L1, crystals are causeff Q. BrZ%B
|laterally grow in the sane manner as in the case of the first shot Lol
the lateral growth at the second shot 202, the laterally grown
polycrystalline silicon is already present at the boundaries with the
portions of the first shot 201, and |ateral growth occurs with the
polycrystalline silicon as seeds w thout any supercooling process, so that
| onger polycrystalline grains can be obtained as conpared with the case

of the fi r§5rsmg{,ig$1thg’h§{§@{t LecLPE ¥ %%%gf\; ,ﬁoggdvgg t he phase

shifting neans (105) is changed over fr synchronously

Shown 1 n EF‘?QS%%%%E""&%@%'%%C’%rh‘?hn%?%@éc%f'n C?"’# fovthg the iight pattern
71 adi i o ek TR ORI TH Ehot>S0% W TR *Sﬁ-aé’iédlété'sc’ﬂéﬁﬁa?e"l.d;i bver | apped
e 22552§9§99F§?§?a§?§h£§% émh’?%f'%ﬁé%i & Zoicooésqw%eaf Bhengpayg VS S
tNﬁZeg‘Bﬁrvf?%?e@ogﬁa?es S .%fl‘a%f‘iqfﬁfpe g SePcon in the

first reglgg Li_of O

crystals 2?% cghgéd to laterally grow in the same
manner as in the case of the first shot 201. In the
lateral growth at the second shot 202, the laterally
grown polycrystalline silicon is already present at the
boundaries with the portions of the first shot 201, and
lateral growth occurs with the polycrystalline silicon as
seeds without any supercooling process, so tha£ longer
polycryétalline grains can be obtained as compared with
the case of the first shot 201.

Thereafter, the voltage impressed on the phase
shifting means (105) is changed over from 500 V to 1000 V
éynchronously with the pulse oscillation of the laser
iﬁradiation apparatus. By this, as shown in FIG. 2C, the
second primary scanning for moving the light pattern Hp
further by 1.33 um in the arrangement direction thereof
is performed, irradiation at the third shot 203 with end
‘edges on both sides overlapped with the second shot 202
and the first shot 201 is conducted, and crystals are

caused to laterally grow without any supercooling process
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mm of the anorphous silicon thin filmL is crystallized into uniform
polycrystalline silicon. The tine required for this is about ?ﬂmove?ﬂéjrzb%
crystallization rate is about 0.133 cn2/sec. FIG 3 is a plan view for
illustrating the method of irradiation attended by the above-nentioned _
prinmary scanning, and shows that anorphous silicon in the first region Li
can be entirely nelted and polycrystallized by performng the first shot
201, the second shot 202 and the third shot 203 of irradiation in the
over| appi ng nmanner as described above. In FIG 3, the shots 201 to 203

are shown in the shtatemgfinbei ag shifted-dde the @d endidih dingchisan of the
light pattern (in the lateral F. direction in the figure), for ease of

under st andi ng. Afg.ere i RRRUS 1Sidd &R dsh slhe tfoI r2%)'[3 B@gHQQa&}%f?iont he

anor phous siliconthin filmL is crystal lized manner esi:g bgg
above, nec e conduct d own i
Nanel v, th%ﬁélf lgitnrl%t% 8&){ ?T%\a/%m by a i iae v bci%sc?r:}\/i“ﬂ‘f{] & Xy movabl e

the i aser TTgRt BhotRee S%S?%#Zﬁcéfﬁ’tﬁini b T Kb SO0 “Bfpar atus i o
ot phous S1TS CORL AP FoT ATy SRR (el &ina TPégF SRe LB HE1 6] oct ed (o
three for this is about 3 ms, and the crystallization rate is
about 0.133 cm?/sec.

FIG. 3 is a plan view for illustrating the method
of irradiation attended by the above-mentioned primary
scanning, and shows that amorphous silicon in the first
region L1 can be entirely melted and polycrystallized by
performing the first shot 201, the second shot 202 and
the third shot 203 of irradiation in the overlapping
manner as described above. In FIG. 3, the shots 201 to
203 are shown in the state of being shifted in the
extending direction of the light pattern (in the lateral
direction in the figure), for ease of understanding.

’ After amorphous silicon in the first region L1 of
the amorphous silicon thin film L is crystallized in the
manner described above, mechanical secondary scanning is
conducted as shown in FIG. 2D. Namely, the substrate W is
moved by about 0.2 mm by driving the xy movable stage of

the stepping motor drive type, whereby the irradiation

region of the laser light by the laser irradiation
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shots 201 to 203 of irradiation with laser light shown in FIGS. 2D to 2F,
in the same nmanner as described above reéferring to FIGS. 2A t0|73@aver§b5er2006
this, anorphous silicon in the second region L2 of 0.2 mm X 0.2

adjacent to the first region L1 is crystallized. Subsequently, the _
mechani cal secondary scanning by driving the stage and the el ectro-optical
primary scanning by driving the phase shifting means are repeated, whereby
a required region (for exanple, the whole area) of the anorphous silicon
thin filmL is irradiated with the |ight pattern Hp. By the treating

met hod as depsribed abowmeyedanor phwusesid corgion -Theadjequintedor egi on (for
exanpl e, the whole area) of the anorphous silicon thin filmL is .
crystal lizede @hesebyegipnl yTrysteahe i amopideonsiidod idnin ganwmbe .obt ai ned.
FIG 4 schematically shows an inage of crystal grains 40 of a silicon thin

filmobtained aftEied hechamMEqUSegildncon tki Rubijl@:kd soi fradiated with
the light pattern (interference fringe) only onetine by the

above- descshbed bechabaues observesh ndal woahn 1,30 ;L4 Nevegher EZOOG
el ectron mcroscope (SEM after an etching (Secco etchi'ng) for ing the

grain_boungpgbesoni shbhe, THernb! O6ks ddhidie fd WL LSRULIEMi ndi vi dual

crystal grains
referring to FIGS. 2A to 2C. By this, amorphous silicon

in the second region L2 of 0.2 mm X 0.2 mm adjacent to
the first region L1 is crystallized.

Subsequently, the mechanical secondary scanning by
driving the stage and the electro-optical primary
scanning by driving the phase shifting means are repeated,
whereby a required region (for example, the whole area)
of the émorphous silicon thin film L is ifradiated with
the light pattern Hp.

By the treating method as described abowe,
amorphous silicon in-the required region (for example,

_thé whole area) of the amorphous silicon thin film L is
gfystallized,_whereby a polycrystalline silicon thin film
can be obtained.

FIG. 4 schematically shows an image of crystal
grains 40 of a silicon thin film obtained after the
amorphous silicon thin film L is irradiated with the
light pattern (interference fringe) only one time by the

above-described technique, observed under scanning
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40. As shown in the figure, each irradiation portion (light portion) with
a wdth of 2 pcmis polycrystallized through perfect melting, andbvehse086
portions A-A and B-B adjacent to the dark portion are ends of nelting,
nanel y, boundary regions between a nolten portion and an wunnelted portion
and, therefore, solidify prior to the other regions. Therefore, a |arge
nunmber of nuclei (crystal grains 40) are generated in the edge portions,
and the crystal grains 40 with conparatively higher growth rate anong
these crystal grains grow preferentially, resulting in that the crystal

growt h is eteapkehediatobbeppoSEEMPNaRher eart he: i sd alsedrayi ng grown
respectively fromthe edges A-A° and B-B' collide wth each other, nanely,

roughly atethgig ptg@rlﬂakbﬁgnehglanlﬁmggﬁh&gffgg|4¥b15@%3se@Hefron1the
figure. Principally, the lateral growmh occurs as fol Nanely, the

portion cr}é%@kg'zﬁdth@ Eb&uk@' Eéﬁjreééﬁ@?.r%dl %ﬁﬁ%ﬁ}(}fﬁbﬁtﬁ% heat of

fusion (1.6 X 106 J/ kg for™Si) upon soli Ication eating the
liquid phang I\ (unsolidified) portion in the "off-shore' region. On the
31 17 Novenber 2006 other hand, the coefficient of nucleation in the
l'iquid phase portjon,s a st q&atynctlon of .t enper.at

nucl eation is res raslkhoecf1 by t ureg 7 83’?\ A Aiatich por%lon
(light portion) with a width of 2 um is polycrystallized
through perfect'melting, and the edge portions A-A’ and
B-B’ adjacent to the dark portion are ends of melting,
namely, boundary regions hetween a molten portion and an
unmelted portion and, thérefore, solidify prior to the
other regions. Therefore, a large number of nuciei
(crystal grains 40) are generated in the edge portions,
and theﬁcrystal grains 40 with comparatively higher
growth rate among these crystél'éréins grow
preferentially, resulting in that the crystal growth is
cdmplebed at the position where the crystals having grown.
respectively from the edges A-A’ and B-B’ collide with
each other, namely, roughly at the center in the melting
width direction, as seen from the figure.

Principally, the lateral growth occurs as follows.

Namely, the portion crystallized in the initial stage
liberates the latent heat of fusion (1.6 X 10° J/kg for

Si) upon solidification, thereby heating the liguid phase

(unsolidified) portion in the ‘off-shore’ region. On the
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solidified portion- As a result, the crystal gromh from the solidified
portion is sustained. This is a phenonenon which occurs becaus#’ November 2006
thermal conductivity of |iquid- phase silicon, 110 WmK, is overwhel mngly
greater than the thermal conductivities of the underlying SiQ2 | ayer,

Si Nx | ayer and gl ass substrate, 1 to 2 WnK  However, where the nelting
width is increased, in the vicinity of the center of the nelting region,
the dissipation of heat to the underlying Si Q/Si Nx |ayer and gl ass
substrate surpasses the supply of heat fromthe solidified portion, so

t hat nucl eattihenr deadr, s thef opeftlhieienkatérabicieaownddn ofn ctlystdguidri ves.

Therefore, thereis a limt as . to the distance over which the | ateral
growth capheeeuborkiohhéscasetweber Euhbeisybstreédpd sathote hedd ethat
especially, the limt is enpirically 2 to 5 umfor a _ silicon thin film

with a thiekrResstabndb@snwesthaiabarsy tht hsaPecgssasy dwe set the nel ting
width or nelting dianeter to be not nore than 10 um and, hence, set the

period of tha iintaklepspeech! i nae 4 orbe; not {Hyecr}}g%%ﬁ%mmtﬂ te o
unnecessary to set the nelting wdth at just 32 I7 Novénber 2006 1/2 of

e ey o0 e S B PS8! S eReg, e LML T
which occurs because the thermal conductivity of liquid-
phase silicon, 110 W/m* K, is overwhelmingly greater than
the thermal conductivities of the underlying Si0O, layer,
SiNy layer and glass substrate, 1 to 2 W/m- K.

However, where the melting width is increased, in
the vicinity of the center of the melting region, the
dissipation of heat to the underlying Si0,/SiN, layer and
glass éﬁbstrate surpasses the supply of heat from the

__solidified portion, so that nucleation occurs befpre the
lateral growth of crystals arrives. Therefore, there is a
limit as to the distance over which the lateral growth
can occur. In the case where the substrate is not heated
egpecially, the limit is empirically 2 to 5 um for a
silicon thin film with a thickness of 50 nm. Therefore,
it is necessary to set the melting width or melting
diameter to be not more than 10 um, and, hence, set the
period of the interference fringe to be not mére than 20
um .

It is unnecessary to set the melting width at just
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melting width becones |less than 1/2 of the g period of the interference
fringe. In this case, only the nunber of tines of |rrad|at|on.ﬁQQR%% 4%6
the tinme of performing irradiation by moving or changing the laser T1gh
intensity profile at the sanme substrate position is increased, and no
special ,inconvenience is generated principally. As has been described
above, according to this nethod of treating a sem conductor thin film the
sem conductor thin filmis perfectly nelted in the irradiation areas of
the laser light in the light pattern, so that a predeterm ned

pol ycrystal /d zst i e Gy ey Achirevad giid hawt deperdence.panlaser ener gy
di spersions of about 10 to 20% Thereforé, there is no need for special

Contr'vanQ§ka%é¥x“ ﬁay'e§%ﬁ9uklz@5599 Qﬁelg§§£a?§nf£9¥r di ngly,

uniformty of thin filmiransistor characferistics is enfanced, and

di spl ay characteristyespdre.alao quianeed. R LIRG o8] ng the

pol ycryst i ne grains aV|ng grain aries para the primry
Novenber 2006 ibrHST S AP d T TRET ABr Sat BR g'r—?sf{iﬁgﬁ flem
transi st Ori r\%erence J.;slcnrg}ebEdIllagggs Icta.se,S ggfilgllee number of
times of irradiation required at the time of performing
irradiation by moving or changing the laéer light
intensity profile at the same substrate position is
increased, and no special .inconvenience is generated
principally.

As has been described above, according to this
method of treating a semiconductor thin film, the
semiconductor thin film is perfectly melted in the
irradiation areas of the laser light in the light pattern,-
so that a predetermined polycrystallizétion can be
achieved without dependence on laser energy-dispersions
of about 10 to 20%. Therefore, there is no need for
sgecial contrivance or cost for stabilization of lasef
energy. Accordingly, uniformity of thin film transistor
characteristics is enhanced, and display characteristics
are also enhanced.

Further, since the polycrystalline grains having

grain boundaries parallel to the primary scanning

direction predominate, in the case where this treating
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setting the direction of current flowi ng through the channel parallel wth
the grain boundaries, to reduce the influence of carrier trap1aiNolEBbd 280N
boundaries and to enhance the thin filmtransistor characteristics.
Accordingly, when the thin filmtransistor fabricated by application of
this treating method is used for a driving circuit in a liquid crystal

di spl ay panel, an EL display panel or the like, it is possible to achieve
a reduction in the size of the thin filmtransistor and an increase in
the speed of operation. In addition, particularly, since the primary

scanni ng heitnhept heakby1AeWi g the féEPic&@iéx@r@flé tieonducted through
el ectro-optical shifting of phase, it is possible to achieve a high-speed

movement @f-ahheskbght s 9@&‘1%8 hbroHghe@ phase, Sf'&f% s PoSsHGh fkﬁﬁquency
As a result, it Is possibie to enhance the speed o treatnent of. the

seri condugtat sthi DyEl L. [Secande Eobodl pent | Lssr ol rsadi asion Apparat us
b ThET BroT S Ao

FIG 5 1is ram show ng e constl ion ano exanple of the

| aser |rra atl t izin terference of Ias light. The
|laser 34 T a neengeggggsg |F$a |%t$o%l%pp%?% s Sho (ﬁhe fﬁbure IS

used, for e%ﬁngnce ogrcgr%gg%thgé ggrtﬁéysggiélgéégharles and to

enhance the thin film transistor characteristics.
Accordingly, when the thin film transistor fabricated by
application of this'treating method is used for a driving
circuit in a liquid crystal display panel, an EL display
panel or the like, it is possible to achieve a reduction
in the size of the thin film transistor andhan:increase
in the speed of operation.

Ih addition, particularly, since the primary
‘scanning for optically moving the light pattern is
conducted through electro-optical shiﬁting of phase, it
is possible to achieve a high-speed movement of the light
pattern through a phase shift at a high frequency. As a
;eéﬁlt, it is possible to enhance the speed of tréatment
of the semiconductor thin film.

[Second Embodiment]

Laser Irradiation Apparatus

FIG. 5 is a diagram showing the constitution of
another example of the laser irradiation apparatus

utilizing interference of laser light. The laser
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sem conductor thin film particularly, in the case where a high-speed
treatnment is not needed. The laser irradiation apparatus shown 1HNdve@ber2006
i ncl udes a nechani cal phase shifting nmeans 205, in place of the
el ectro-optical phase shifting means (105) used in the |laser irradiation
apparatus according to the present invention which has been descri bed
above referring to FIG 1. Nanely, the phase shifting neans 205 is
conprised of, for exanple, a piezo drive type mcroneter for nmechanically
nmoving a reflector, 106 for reflecting the second beam h2 toward the stage
side. The bﬁﬁéél%?%iﬁapaﬁ%%‘ﬁ% BV hithddie tHEW ilcalugrdh fioangt h of the
second beam h2_by noving the reflector 106 relative to the incidence
di recti on 8¥aThée seERRd® bead? Heent nfeEditymllifzdinew ng up to this
novenent, the angle of. the reflector 106 relative to the incidence
di recti on 8enigendeciord tihiant hbmi sparfsiocwleariged iso tHeatcasee whegke
(i ncluded angle) between the first beamhl and the second beamh2 wll be
a predet er&i heghasipged (foratorempl &5 mONeedddy. this, the first beamhi and
the second beam h2 are nade to overlap and interfere with each other, to
generate a 35 17 Thevdnrer 260Gdidtdhin pabheanusf shewar fiaremee ringe with
good contrast. In the laser irradiation apparatus provided with

includes a mechanical phase shifting means 205, in place

of the electro-optical phase shifting means (105) used in
the laser irradiation apparatus according to the present
invention which has been described above referring to FIG.
1.

Namely, the phase shifting means 205 is comprised
of, for example, a piezo drive type micrometer for
mechaniéally moving a reflector 106 for reflecting the

second beam h2 toward the stage side. The phase shifting

R

means 205 changes the optical path 1engtH§Of the second
beam h2 by moving the reflector 106 relative to the
incidence di;ection of the second beam h2. In addition,
ﬁ?llowiﬁg ﬁp to this movement, the angle of_tﬁe reflector
106 relative-to the incidence direction of the second
beam h2 is also changed so that the angle (included
angle) between the first beam hil and.the second>beam h2
will be a predetermined angle (for example, 5.09° ). By

this, the first beam hl and the second beam h2 are made

to overlap and interfere with each other, to generate a
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t he phase shifting means 205, a |l aser |ight generation neans 206 with an
oscillation frequency of about 10 kHz such as, for exanple, a {7Q8Rmb& 06
excitation type Q switch YAG |laser is used. As the |l aser |ight generation
means 206, one fitted with an injection seeder is preferably used for
enhancing interference properties. The pulse width of the laser light H
after being converted to the third harnonic (wavel ength: 355 nm by a

hi gher harnoni cs generator 102 is about 10 ns, the energy of the |aser
light His 500 mJ, and dispersion of the energy is within 7s. It is

pref er abl eltghuspaat¥AG of abetehfwiamgca fopndmtwinipeydehraqrofddte so that a
uniformlight intensity profile can be obtained in the irradiation region.

The beans are so shagied thalr add-ghtatSREL @20t p¥o By Fieht ai ned on
the substrate, by use of optical systens 108 each conprised of cylindrical

convex a_ndtheogﬁag@ kgpsesn@nfeais 05041 C8 10% - DugyHo dss-ddidhese
irradiation optical systens, the light intensity on the anorphous silicon

thin 111 §3.3000bG400: AVAS e Epoh 0, £1EL0EATP JY B0AL2 d Sgby ansii t ted

through a transmttance-variable I1ght att%nuator the 36 17

e 2B, ok BB Gl 0y A ULV, gy pattern 18
switch YAG laser is used. As the laser light generation
means 206, one fitted with an injection seeder is

" preferably used for enhancing interference properties.
The pulse width of the laser light H after being
converted to the third harmonic (waggaength: 355 nm) by a
higher harmonics,generatar 102 is about 10 ns, the energy
of the laser ligﬁf H is 500 mJ, and dispersion of the
energy is within *7%. It is preferable to use a YAG
laser having a top hat type beam profile so that a
uniform light intensity profile Can be obtained in the
irradiation region.

The beams are so shaped that a light spot of 50 mm
X’Z mm is obtained on the substrate, by uée of optical
systems 108 each comprised of cylindrical convex and
concave lenses and an orifice 109. Due to loss in these
irradiation optical systems, the light intensity on the
amorphous silicon thin film is about 400 mJ/cm®. Each of

the beams hl and h2 is transmitted through a

transmittance-variable light attenuator 107, of which the
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attains a maxinumcontrast on the surface of the substrate W By this, a

| ight pattern Hp having a contrast ratio of about 10:1, which {1BNovember 2006
sufficient for providing the anmorphous silicon thin filmwth a melting
pattern according to the |.ight pattern Hp (interference fringe);-is
.fornmed. In the laser irradiation apparatus-constituted as above, the
phase shifting neans 205 is of the type in which the.reflector 106 is
mechani cal |y noved. Therefore, this laser irradiation apparatus is
inferior to the laser irradiation apparatus according to First Enbodi nment
descri bed lrisfhar tinegsmy tlaGee] isi ot hdiveked thasf aopipbal papbeement of the
light pattern Hp by shifting the phase of the second beam h2. However, the
ot her ef f éit gecwmrared dht dinted fiewenke sénmcheabremsadli anthb2case of t he
apparatus according to First Enbodi nent. Method of Treating a Sem conduct or
Thi n Fi | maAdaieat iangrnaxeinhed dantirhetcataethk enyftakl oZi agean anor phous
silicon thin filmby use of the laser irradiation apparatus described

above ref grugstgate W.G Y thap, be Taght esaotérh olb oMéwpng e same procedure
as 37 17 November 2006 described in the treating method according to First

Enbodi mentaorddragftowlad ke JHotbuhab,: 1l nwhhencase sk ripeeher sbpg nechani cal
secondary scanning for noving the

providing the amorphous silicon thin fllm with a melting
pattern according to the ligb;‘pafpern;ﬁpr(igterference
‘ﬁringe)r-is foﬁhé&j ' -

o In the laser irradiation apparatué.constituted as
above, the phase shifting means 205 is of the type in
which the reflector 106 is mechanically moved. Therefore,
this laser irradiation apparatus is inferior to the laser
irradiation apparatus according to First Embodiment
described referring to FIG. 1, in the velocity of optical
movement of the light’pattern Hp by shifting the phase of
the second beam h2. However, the other effects can be

obtained in the same manner as in the case of the

apparatus according to First Embodiment.

Method of Treating a Semiconductor Thin Film

A treating method in the case of crystallizing an
amorphous silicon thin film by use of the laser
irradiation apparatus described above referring to FIG. 5

can be carried out following the same procedure as
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irradiation region of the laser light by the laser irradiation apparatus
by noving the substrate Wthrough driving an xy novabl e stage P;N&vlaﬁaﬁerzoos
stepping notor drive type, the noving distance is set according to the
irradiation region (50 mm X 2 mm) of the laser irradiation apparatus so
ghat no gap is generated between the individual irradiation regions.

[ Third Enbodi nent] Laser Irradiation Apparatus FIG 6 is a di agram show ng
the constitution of one exanple of the laser irradiation apparatus
utilizing interference of laser light. The |l aser irradiation apparatus

shown in theséiohE® 18 tIs€dzrd HF i oX a4 flcA-digptyeniif@r crystallizing
a sem conductor thin film This laser irradiation apparatus is different

fromthe fased;hdiadi atd o ARRALAL U3 aACRHIENY 110 tHir 8hsEMRedi ment
described referring to FIG 1 in that laser Iight H generated froma |aser

i gnt generatt o, [aNg. M0l a1 SPLIdydoie JIUES ooy, hiigh, as made to

interfere eac aser 1r us

i ncludes 38 _17. Nove 6_-the laser lii.ght. gener.ati-on means 101, a
hi gher har ln%ﬁ"f‘%}sa gle%rgtr)%%fggoﬁf aér}'l a1 Slegﬁnll%qlte%)%?cohre 1]033€,eri n the same

manner as {Prgéigéig%ﬁﬁégégﬁ%us'ﬂ&tég%fﬁg’%ﬂé“éu'§§¥§€é“% through

driving an xy movable stage of the stepping motor drive
type, the moving distance is set according to the
irradiation region (50 mm X 2 mm) of the laser
irradiation apparatus so that no gap is generated between
the individual irradiation regions.

[Third Embodiment]

Laser Irradiation Apparatus

FIG. 6 is a diagram showing the constitution of one
example of the laser irradiation apparatus utilizing'
interference of laser light. The laser irfaaiation-
apparatus shown in the figure is used, for example, for a
treatment for éf?étéilizing a semiconductor thin film.
This léser irradiation apparatus ié different from the
laser irradiation apparatus according to First Embodiment
described referring to FIG. 1 in that laser light H
generated from a laser light generation means 101 is
split into three beams, which are made to interfere with

each other.

Namely, the laser irradiation apparatus includes
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of the laser light transmtted through the light attenuator 103, a beam
splitter 301 as a splitting neans for splitting the |aser |ight

di sposed. The beam splitter 301 splits the laser |light H |ntomg®%%%nmyzmm
reflects the first beamhi thus split, and transmts the renaining |aser
light H. Here, the first beamhi which is reflected and the |aser |ight

H which is transmtted are split fromeach other in a ratio of 1:2.

Anot her beam splitter 302 is disposed in the transm ssion direction of the
beamsplitter 301. One half (1/2) of the laser light H incident on the

beam spl i thier 12302 1S Jref leelad tasr Reasecand , baam;bRe rWhkhkRohhesr emai ni ng
1/2 is transmtted as the third beam 3. Here, the second beam h2 and the

third beaghd @& SAld fOR 193ER %tc%huareo% ngti 0:iaf thalg Manely, the
| aser |ight generated fromthe laser |ight generation nmeans 101 is split

by the beamafld Lers HkANSd0R A they LSt enbeamhl o; the. sgpond beam

h2 ‘and the t eam h3 |n a ratio of Parti eam
1 Fer Y i SRS A SIS JERTS DL ch (e secons
1758 Beem il gghan, andl e 04120 40301205, 0a 3 ber ey heafu TSt beam

for splitting the laser light is disposed. The beam

splitter 301 splits the laser light H into two beams,

reflects the first beam hl thus split, and transmits the

remaining laser light H’.  Here, the first beam hl which

is reflected and the laser.light H"which is transmitted

are split from each other in a ratio of 1:2.

Another beam splitter 302 is disposed in the

transmission direction of the beam splitter 301. One half

(1/2) of the laser light H' incident on the beam splitter

302 1is reflected as the second beam h2, while.the

remaining 1/2 is transmitted as the third beam 3. Here,

btﬁé second beam h2 and the third beam h3 are split from

each other in a ratio of 1:1. 'Namely, the laser light

generated from the laser light generation means 101 is

split by the beam splitters 301 and 302 into the first

beam hl, the second beam h2 and the third beam h3 in a

ratio of 1:1:1.

Particularly, the beam splitter 302 is used also as

an interference means by which the second beam h2 is so
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interfere with each other. On the optical path of the third beam h3 :
transmtted through the beamsplitter 302, a required nunber of7 8hR@bér 2006
(here, three sheets) of reflectors 303 to 305 are arranged. The reflectors
303 to 305 are so arranged that the third beam h3 transm tted through the
beamsplitter 302 is bent by 90 at a tinme on an plane basis, whereby the
third beamh3 is so reflected that it intersects with the first beam hi
and the second beam h2 at an angle of 120 on a plane basis. Nanely, the
reflectors 303 to 305 are used as an interference means for causing the
first beaméfletthed sdeond theamdrbertd twhiech tthiar d iheamblednt dilower kap and
interfere with each other. In order to reflect the first beamhi, the

second beapyhe andiidte bhik ﬁbsﬁ@ B3s89, thatrtbeychat £1 58€tbddm @NYl es of
120 on a pl ane basis, where the optical path of the laser light His laid

on the plaggyofnd h@eédrﬂi”k%am tihe heamspldd tey $301 and302 and the

reflectors 303 to 305 are erected vertical to the plfane of the figure and

arranged ainﬁgfféfg|§W¥Hﬂééﬁﬂﬂd¥heﬂﬂaﬁe|y, the beam splitter 301 is
arranged wth 1ts normal nmaintained at 40 17 Novenber 2006 750 relative to

t he incidence dlkﬁp%%%n fithe §g§groklg%% Igebgggnh§plltter 302 is

~arranged with its norna mal nt al ned at [&five to The incidence
transmltted through the beam splitter 302, a required

number of sheéts (here, three sheets) of reflectors 303
to 305 are arranged. The reflectors 303 to 305 are so
arranged that the third beam h3 transmitted through the
beam splitter 302 is bent by 90° at a time on an plane
basis, whereby the third beam h3 is so reflected that it
intersects with the first beam hl and the secona-géém h2
at an aﬁgle of 120° on a plane basis. Namely, the
reflectors 303 to 305 are used as an interference means
for causing the first beam hl, the second beam h2 and the
third beam h3 to overlap and interfere with each other.
In order toJreflect the first beam hl, the second
beam h2 and the third beam'hB so that they intersect at
angles of 120° on a plane basis, where the optical path
of the laser light H is laid on the plane of the figure,
the beam splitters 301 and 302 and the reflectors 303 to
305 are erected vertical to the plane of the figure and
arranged at the following angles. Namely, the beam

splitter 301 is arranged with its normal maintained at
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direction of the laser light H. The reflectors, 303 to 305 are so
arranged as to bend the third beam h3 by 900 at a tine rel ati v N&veinb& 2006
i ncidence direction of the third beam M 1In the incidence directions of
the beamsplitters j 301 and 302 and the refleqtor 305 arranged as

descri bed above, transmttance-variable |ight attenuators 306 and phase
shifting neans 307 are di sposed respectively. The light attenuators 306
and the phase shifting neans 307 are the sanme as those in First

Enbodi ment; particularly, the phase shifting neans 307 are preferably ones
for el ecty9*opidlealiky sbi thengnthdephasdsretttibe beansehlaser h3. Furt her,
steering mrrors 308 are di sposed respectively on the.optical paths of the -
first beambyht #he $ecordrbeadhit2eandothd st hirtdnbednwhiBht iaasmi tted
t hrough the phase shifting nmeans 307. The steering mrrors 308 are so

arranged as,iQalehs fetaifes baamssehl L9 H; vB3coWhhehiaeegéngédent to
i ntersect at angles of 120 on a plane basis, to the sanme direction (for

exanpl e, i#g;tbecidenth did ecidon prghhesfi gune) reiheceby st besbeans hl to
41 17 Novenber 2006 h3 are incident on the substrate (not shown) on a

stage di sposed.|p Lhe, Lellaclion dinsold b 2tedkd AP nyghe (vertical
i nci dence anglef of > abou .50 relative
" at a time relative to.the incidence direction of the
third beam h3.

In the incidence directions of the beam splitters
301 and 302 and the reflegtor 305 arranged as described
above, transmittance-variable light attenuators 306 and
phase shifting means 307 are disposed respectively. The
light attenuators 306 and the phase shifting means 307
are the same as those in First Embodiment; particularly,
the phase shifting means 307 are preferably ones for
electro-optically shifting the phases of the beams hl to
h3.

Further, steering mirrors 308 are disposed
respectively on the_opfical paths of the first beam hl,
the second beam h2 and the third beam h3 transmitted
through the phase shifting means 307. The steering
mirrors 308 are so arranged as to refract the beams hl to
h3, which are incident to intersect at angles of 120° on

a plane basis, to the same direction (for example, in the

depth direction on the figure), whereby the beams hl to
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to the normal to the substrate and are superposed on each other on the
substrate. By this, the surface of the substrate nounted on t j
irradiated with a periodic light pattern which is fornmed by s[]ﬁ’e’?%%g‘ls?ﬂi%%
and interference of the first beamhl, the second ,beamh2 and the third
beam h3. Such superposition and interference of the three beans hi to h3
generates the periodic light pattern as shown in FIG 7. This |light
pattern has a light intensity profile in which circular high |ight
intensity spots 401-1 having a dianmeter according to the vertical

i nci dence e atecidegul @t | yharsungechta (e ighadi)atdron plane, as
reported, for exanple, in Journal of Applied Physics, vol. 82, pp. 1497

to 1499 (199csdd BEdilié OFe f BfcSIIWE Fedd Gn Git &h Odiide@ice( di aphragm)
309 is disposed on the optical paths of the beans hi to h3 transmtted

through t%gﬁ@e;w&mﬁ Oféciﬂﬁzioaﬁ >O§[ﬁ€r£§ﬂ{@ flseto b, L{ansm tted

through the “orifice intersect wmth eac on the substirate while

mai ntal nind tee abowesfrent | aned.piadel &l nied ANG o T I €8.A09 1S

provided for shaping the 42 17 No rrr on region of the
oot by U 08 S AR glape SUbSLIaLe: fere, Khe LLON spot on the
By this, the surface of the substrate mounted on
the stage is irradiated with a periodic light pattern
which is formed by superposition and interference of the
first beam hl, the second beam h2 and the third beam h3.
Such superposition and interference of the three beams hl
to h3 generates the periodic light paftern as shown in
FIG. 7. This light pattern has a light intensity profile
in which circular high light intensity spots 401-1 having
a diameter accofding to the vertical incidence angle are
regularly arranged in the irradiation plane, as reported,
for example, in Journal of Applied Physics, vol. 82, pp.
1497 to 1499 (1997).
In additipn; as shown in FIG. 6, an orifice

(diaphragm) 309 is disposed on the optical paths of the
beams hl to h3 transmitted through the steering mirrors
308 so that the beams hl to h3 transmitted through the
orifice intersect with each other on the substrate while

maintaining the above-mentioned predetermined angle.

The orifice 309 is provided for shaping the
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irradiation optical systens, the average light intensity on the substrate
is about 160 m)/cnR. The stage on which to nount the substrate ‘Pﬂ%v\é\f{ﬂb&? 6
is not shown here is disposed beneath and in proximty to the orifice 88
and is an xy novabl e stage of the stepping notor drive type,, the sane as
in the laser irradiation apparatus in First Enbodinent. In the |aser
irradiati on apparatus constituted as above, the transmttances of the

| ight attenuators 306 inserted into the optical paths of the beanms hl to
h3 are adjusted, whereby the light intensity profile of the 1light pattern
radi at ed ontvadiwt son feepiaf thetlsaibsdgat el ightaced e the ffrgefi S so
adjusted that the contrast ratio between the circular light portions and
the ot her thRarsulportdtons wétd, behaukidhz eshomnsh tdie rafd-car kg nmade to
be about. 8:1. This contrast is sufficient for producing a nmelting pattern

. according §pagdie 4d gt o patderr bnsaﬂmam@% BddLon f i fd I m formed on
“the surface of the substrate. Myvenent of the |ight pattern can be

achi eved byrrddpiessi @i 20 Vol d@aes ongach, ofs dde phase shifting 43 17
Novenber 2006 neans 307. Further, by the steppi ng notor drive type Xy

nmovabl e stage,nd hg, dat ey %ﬁ@dl&ﬁ 4Pt age can be nechanically

noved relative to the 1rradiation position
The stage on which to mount the substrate and which

is not shown here is disposed beneath and in proximity to
the orifice 309, and is an xy movable stage of the
stepping motor drive type, the same as in the laser
irradiation apparatus in First Embodiment.

In the 1asef irradiation apparatus constituted as
above, the transmittances of the light attenuators 306
inserted into the optical paths of the beams hl to h3 are
adjusted, whereby the light intensity profile of the
light pattern radiated onto the surface of the substrate
placed on the stage is so adjusted that the contrast
ratio between the circular light portions and the other
dark portions_Qill be maximized, and the ratio can be
made to be about 8:1. This contrast is sufficient for
producing a melting pattern according to the light
pattern in an amorphous silicon thin f£film formed on the
surface of the substrate.

Movement of the light pattern can be achieved by

impressing a DC voltage on each of the phase shifting
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of the light pattern. Even in the |aser irradiation apparatus constituted
as above, the phase shifting nmeans 307 are ones for el ectro-opyyRaldmber 2006
shifting the phases, as in the laser irradiation apparatus in First

Enbodi nent, so that it is possible to shift the phases at a high
frequency, nanely, to performoptical novenents of the light pattern at a
hi gh frequency. Besides, the other effects can be obtained in the sane
manner as in First Enbodiment. Method of Treating a Sem conductor Thin
FilmA treating nmethod for crystallizing an anorphous silicon thin film by
use of themkaser3dvradhatilon:, apparies s Hasicld b{&d:ca:bw\feEft%/gﬂ'e' Rg to FIG 6
can be carried out follomﬁng the sanme procedure as describ t he

treating mabbedlef sEhgst EAbOdiBBRLatdt mshould be choted herethad, while
the optical novement (primary scanning) of the light pattern in the sanme

i rradi ati ofechedi 081 MaSnbeER LB19PE ] ES%hQ”ﬁPa&P&%r‘i% direction

of the interference fringe in First Enbodi nent It 1sp f eto nﬁve
in at |east¢t difegtignscLp,44 17 Novenber 2006 the case of using this
| aser |rrad|a??%n a par tus. ?n concrete, four shots (401-1 to 401-4) of

irradiation are Cnﬂﬂa CJ1 edch"!" Vlrnrgacglpartlrgxq yappcaffirrélrilzlunsg) ongélqéu%egm step
in the x direction in rra i°0n

as above, the phase shifting means 307 are ones for
electro-optically shifting the phases, as in the laser
irradiation apparatus in First Embodiment, so that it is
possible to shift the phages at a high frequency, namely,
to perform optical movements of the light pattern at a
high frequency. Besides, the other effects can be

obtained in the same manner as in First Embodiment.

Method of Treating a Semiconductor Thin Film

A treating method for crystallizing an amorphous
silicon thin film by use of the laseg'irradiation
apparatus described above referring to FIG. 6 can be
carried puf following the same procedure as described in
the treating method of First Embodiment. It should be

- noted here that, while the optical movement (primary
scanning) of the light pattern in the same irradiation
region has been in one direction in the arrangement

direction of the interference fringe in First Embodiment,

it is preferable to move in at least two directions in
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region, then a novenent by 1.0 umstep in the y direction is conducted,
and at this position, four shots (402-1 to 402-4) of irradiati

conducted while noving (primary scanning) by 1.0 gmstep in th@%ﬁﬁberm%
direction; thus, the primary scanning in the x direction (or the -x
direction) and the primary scanning in the y direction are repeated, and
a total of 16 shots of irradiation are conducted in the irradiation plane.
FIG 7 is a plan viewillustrating the irradiation nmethod attended by the
primary scanning, in which only the first shot 401-1 is shown by six

spots, Wwhihe tBeesecondihe shikeankkrshetadareieachpshonpudy only one
spot. By this, anorphous silicon in the irradiation region of 0.5 nm X 0.5

mmis uniformy pglyenystet!izedri 8haboulePr OR seuoSuUbseguently, the
substrate provided with the anorphous silicon thin filmis nmechanically

nmoved by 049 ra81:6386084ar ¥:08680RR0hRY ot REv$H PP&PQm§P§O§cQﬁﬁ¥§§}ype Xy
novabl e stage, and pol ycrystallization of the adjacent Ttegion IS

conduct ed. , Then .on, sj.j Yo drradiation with .l aser. attended by the
opti cal rm\]%/rrgrito olfmt%éegé ?{g%ttlﬁ% )57(9];\]5)[6%/%t & Sooee plé:trtaed?lr?tc(lﬁlni mary

scani 19 3%, TRcheg! Gal RNETSY' oL e gt et sesadany foverent)

pol yerystalLing gili.ean ougr Jthepwhole area of tLRe shots (402-1 to
402-4) of irradiation are conducted while moving (primary
scanning) by 1.0 um step in the -x direction; thus, the
primary scanning in the x, direction (or the -x direction)
and the primary scanning in the y direction are repeated,
and a total of 16 shots of irradiation are conducted in
the irradiation plane. FIG. 7 is a plan view illustrating
the irradiation method attended by the primary scanning,
in which dnly the first shot 401-1 is shown by six spots,
while the second to sixteenth shots are each shown by
only one spot. By this, amorphous silicon in the
irradiation region of 0.5 mm X 0.5 mm is uniformly
p?lypr?stallized in about 0.02 sec.

Subsequently, the substrate provided with the
amorphous silicon thin film is mechanically moved by 0.5
mm (secondary scanning) by the stepping motor drive type
Xy movable stage, and polycrystallization of the adjacent
region is conducted. Then on, similarly, irradiation with

laser. attended by the optical movement of the light
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substrate. In the treating nmethod of Third Enbodi mrent as above, the
irradiation portions (light portions) of the light pattern arel7dNavembear2006
so that grain boundaries of the polycrystalline silicon are substantially
uniformzed in all directions in the irradiation plane. By this, as wll
be described next, when a thin filmtransistor, for exanple, is fabricated
by use of the polycrystalline silicon thin film obtained by the
above-nmentioned treatnent, it is possible to suppress dispersion of
characteristics depending on the fabrication direction of the thin film
transi st orpatNeemsth y (pwhrexey tdemmgriaia)  dodindas ivesclaare carli entvethant @il y one
direction, there arises characteristic anisotropy such that the influence
of grain boundaulysdedaal {(sécsosdemty afiowdkeite i< haipaeied,stdecs of the thin
filmtransistor are higher in the case where the direction of current

f1owing thtiosgdby t deyeharmete efmdAendld nefiddvd riapgj stor is parallel to the
grai n boundaries of polycrystalline silicon than in the case where the

current di;s&p‘d}]ét t 81 Pefdendi CalrodOr Abe L dNweher 40Q6, the grain

boundari es. e ot her hand, where the grain boundaries of
pol ycrystallpde silicon are oriented in all directions, the anisotropy can
be obviated. As a result, as will be described later, when the thin film

transistor In the treating method of Third Embodiment as above,

the irradiation portions (light portions) of the light
pattern are circular, so that grain boundaries of the
polycrystalline silicon arxe substantially uniformized in
all directions in the irradiation plane. By this, as will
be described next, when a thin film transistor, for
example, is fabricated by use of the polycrystalline
siliconﬁthin film obtained by the abové-mentioned |
treatment, it is possible to suppress dispersion of
characteristics depending on the fabrication direction of
the thin film transistor. Namely, where the grain
boundaries are oriented in only one direction, there
g%iées characteristic anisotropy such that the influence
of grain boundary default is smaller and the
characteristics of the thin film transistor are higher in
the case where the direction of current flowing through
the channel of the thin film transistor is parallel to

the grain boundaries of polycrystalline silicon than in

the case where the current direction is perpendicular to
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is applied to a driving circuit in a liquid crystal display panel or an EL
di spl ay panel, there can be obtained the effect that the direct7iNovembert20es
channel can be laid out freely. <Method of Fabricating Thin Film
Transistor-1> Now, a first exanple of a nethod of fabricating a thin film
transi stor by application of the nethod of treating a sem conductor thin
filmdescribed above will be described below. Here, as the first exanple,
a method of fabricating a bottomgate type thin filmtransistor wll be
described referring to FIGS. 8A and 8B. Wiile a nethod of fabricating an N
channel type dhiainf douwndardesi.ston ke shoer hieaerd, thiesmettiod qanbe applied
in the sane manner to a P channel type thin filmtransistor by only
changi ng tlendapurs pispedivesvistepdnhes padiiesh Brestriastshoim 41 FI G 8A,
a layer of Al, Ta, Mo, W Cr, Cu or an alloy of these elements is forned

in a thidiressiens30 the 300 samreopyarahndel abiAgrsubstaate L% 1, ormed of a
glass or the like, and patterning is conducted to forma gate el ectrode

601. 47 13sNeMenbefe 2006 riNedt 1a2ershoweni BLE! €hi8Briangatgnénsubation film
602 is formed on the insulating substrate 600 in the state of covering the

gate el ectiode8Qby anf.a fwithet cigeuaRDLERhus;glkicep, Lhin film 603 is
formed on the Qgate -
display panel or an EL display panel, there can be
obtained the effect that the direction of the channel can
be laid out freely.
<Method of Fabricating Thin Film Transistor-1>
Now, a first example of a method of fabricating a
thin film transistor by application of the method of
treating a semiconductor thin f£ilm described above will
be descfibed below. Here, as the first example, a method
of fabricating a bottom gate ﬁype thin film transistor
will be described referring to FIGS. 8A and 8B. While a
method of fabricating an N channel type thin film
transistor is shown here, the method can be applied in
';h? same manner to a P channel type thin film transistor
by only changing the impurity species (dopant species).
First, as shown in FIG. 8A, a layer of Al, Ta, Mo,
W, Cr, Cu or an alloy of these elements is formed in a
thickness of 30 to 300 nm on an insulating substrate 600

formed of a glass or the like, and patterning is

conducted to form a gate electrode 601.
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insulation film602. The gate insulation film602 has a two-I|ayer
structure consisting, for exanple, of a gate nitride film (S NQN&emBer 2006
| ower |ayer and a gate oxide film (SiQ2) as an upper |layer. The fornmation
of each of these films is conducted by the nmethod described in the nethod
of treating a sem conductor filmin First Enbodi ment, continuously while
mai ntai ning a vacuum condition in a vacuumfilm formation chanber. For
exanple, by a plasma CVD nethod, the gate nitride filmis built upin a

t hi ckness of 50 nm and then the gate oxide filmis built upin a

t hi ckness of aboltiext00atosROOnnimt 8IG0r &Bf he gate insulatiom filmm 602,
fol |l owed continuously by building up the anmorphous silicon thin film 603
in a thiclatess offcatreid 30 e Shaubat iWsekabikheater gabi aa ehet hese films is
conducted by the plasma CVD nethod, after the filmformation a heat

treat ment demteoRUERG EhA dRRett wiecekod@06ha ,430€, 1 Rurdndit rogen
at nosphere for about 1 hr, to rel ease hydrogen contained in the anor phous

silicon thin fidiPeR3 Mamelen cHibe s39nC3bed debydagenathansangeal ing i s
conducted. 48 17 Novenber 2006 After the anorphous silicon t%ln film603

s formed on. e Gl @ s Weat| 0Ll L8025 Lheopbey s dessribed, manner

the method of treating a thin filmSem conductor strate as descri bed

above (fokﬁaﬁﬂgyé% ééyﬁé€&¥glégh51stlng, for example, of a gate

nitride film (SiNy) as a lower layer and a gate oxide film
(Si0;) as an upper layer.

The formation of each of these films is conducted
by the method described in the methéd of treating a
semiconductor film in First Embodiment, continuously
while maintaining a vacuum condition in a vacuum film
formatiéh chamber. For example, by a plasma CVD method,
the gate nitride film is built up in a thickness of 50 nm,
and then the gate oxide film is built up in a thickness
of about 100 to 200 nm to form the gate insulation film
602, followed continuously by building up the amorphous
silicon thin f£ilm 603 in a thickness of about 30 to 80 nm.
Where the formation of these films is conducted by the
plasma CVD method, after the film formation a heat
treatment is conducted at a temperature of 400 to 450°C in
a nitrogen atmosphere for about 1 hr, to release hydrogen

contained in the amorphous silicon thin £ilm 603. Namely,

the so-called dehydrogenation annealing is conducted.
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met hod of First Enbodinent) is applied to the anmorphous silicon thin film
603; nanely, the anorphous silicon thin film®603 is irradi atedaidvemBer 2006
| ight pattern Hp generated by interference of split |aser beans hl and h2,
whereby the anorphous silicon thin filme603 is crystallized to forma
polycrystalline silicon thin film 603a. Subsequently, as shown in FIG 9A,
Vth ion inplantation is applied to the polycrystalline silicon thin film
603a as required, for the purpose of <controlling the threshold voltage Vth
of the thin film transistor. For exanple, here, B ions 609 are injected
under the conditifits=oftlan acoedlenat i<l ierer ghief fiQrked3 asdrargdege of
about 5 X 10" to 4 X 1012/ cnR. Subsequently, on the polycrystalline silicon
thin filmA0Baefgaredibyucaysonl fizatséon im the Poeedidur sl an

insul ating stopper film®605 is fornmed in the state of being matched to the

gate el ect hadge80lehd Mmébhsdcasecreht {8y, AhSi C&M'é@ﬁﬁcéﬁd&%ﬂ n a
t hi ckness of about 100 to 300 nm by a plasnma CVD ne hod. Fbre

exanpl e, §hb§@§a9@sa§l s PO Y8802 ( L - rgzqﬁ §mi 49 17
Novenber 2006 to build up the Si02 f|In1 Next , e S 2 mis patterned
into a pre d e fhegs IS I ln this case,
t he st opperggg;ﬁi531 QESF%QP%T%(?%L%HEO gss il%pg dl'e{/(%a ésgﬁ e colur?g to the

gate eleCtégggcgglthln film 603; namely, the amorphous silicon thin
film 603 is irradiated with a light pattern Hp generated
by interference of split laser beams hl and h2, whereby
the amorphoué silicon thin film 603 is crystallized to
form a polycrystalline silicon thin fiim 603a.

Subsequently, as shown in FIG.-9A, Vth ion

implantation is applied to the polycrystalline silicon
thin fiim 603a as required, for the purpose of
controlling the threshold voltage Vth of the thin film
transistor. For example, here, B* ionsv609 are injected
under the conditions of an acceleration energy of 10 keV
and a dose of about 5 X 10 to 4 X 10%2/cm?.
. Subsequently, on the polycrystalline silicon thin
film 603a formed by crystallization in the preceding step,
an insulating stopper film 605 is formed in the state of
being matcﬁed to the gate electrode 601. In this case,
first, an Si0O, film is formed in a thickneés of about 100

to 300 nm by a plasma CVD method. Here, for example,

silane gas SiH, and oxygen O, are decomposed into plasma,
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by use of a back side exposure technique. The portion of the
polycrystalline silicon thin film603a beneath the stopper film&G&@mbér2006
protected as a channel region 611. As has been described above, B ions
have prelimnarily been injected into the channel region 611 in a
relatively low dose by the Vth ion inplantation. Subsequently, with the
stopper film605 as a mask, ion doping is conducted to inject an inpurity
(for exanple, P ions) into the polycrystalline silicon thin film 603a,

t hereby form ng LDD regions 612. At this tine, the dose is, for exanple, 5
X 1012 t o tdo XodludB/umihargli o t Hd lacceNexaf i one vol d.adged lins,isf or exanple, 10
keV. Furtheer, a photoresist (not shown) is patternedly forned so as to

cover the sioppeied i1mad05 mrskdtermBbRd egiagns tHlZoam hokh ssicgesrt her eof ,
thereafter, with the photoresist as a mask, an inpurity (for exanple, P

ions) is #Migci@sl i MHO cthe Ralukcr )tﬁea's't'o@%e%' EieRNsbBi AsfhhmefR38 in a
hi gh concentration, to form source and drain regions 613.  The injection of

the inpurigy &@ntcpea&?ﬂfé\}eecgepﬂﬂmatf&{na(agg)lt%e % 1108 1R G (1 's%@ shower) .
This 50 17 Novenber 2006 technique is 1o inject the inpurity b

| ect fil el b th
Crpur ty T2 ETe el il TMo AR R S ?ﬁ‘é%&?%ﬁ”@fe ST
formthe S@Wg9§of§g¥§¥éﬂfhfﬁ%yé%ﬁﬁégﬁithin film 603a beneath the

stopper film 605 is protected as a channel region 611. As
has been described above, B' ions have preliminarily been
injected into the channel region 611 in a relatively low
dose by the Vth ion implantation.

Subsequently, with the stopper film 605 as a mask,
ion doping is conducted to inject an impurity (for
example,'"P+ ions) into the polycrystalline silicon thin
film 603a, thereby forming LDD regions 612. At this time,
the dose is, for example, 5 X 10 to 1 X 10%¥/cm?, and
the acceleration voltage is, for example, 10 keV.
Furtheer, a photoresist (not shown) is patternedly formed
so as to cover the stopper film 605 and the LDD regions
612 on both sides thereof, thereafter, with the
photoresist as a mask, an impurity (for example, P’ ions)
is injected into the polycrystalline silicon thin film
603a in a high concentration, to form source and drain

regions 613. The injection of the impurity can be carried

out, for example, by ion doping (ion shower). This
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The acceleration voltage is, for exanple, 10 keV. Though not shown in the
figure, in the case where a P channel type thin filmtransisto{7 Néember 2006
fabricated on the sane insulating substrate 600 to constitute a

circuit, the region of thg N channel type thin film transistor is covered
with a photoresist, thereafter the inpurity is changed fromP ions to B
ions, and ion doping is conducted at a dose of about 1 X 1075/cn2. In
this case, the inmpurity may be injected by use of a nass separation type
ion inmplantation apparatus. After the above steps, activation of the
inpurity ikeceategdei htotbhénpetyctist ahbunetgi by coedduivfiland03a is
conducted by RTA (rapid thermal annealing) using a W lanp. In this case,

| aser acti watie0rranneal wdghost Ngpplyi8¥ChEBE Laseradmdn baycondict ed, as
requi red. Thereafter, needless portions of the polycrystalline silicon

thin filme@e@3angaditheigatgjeasefathon hbka 602 @e fpatterdedpoute
simultaneously to forma thin filmtransistor 615 and t0 separate the

thin fiIn1&r@n%kﬁsﬂﬁﬁﬁﬁQE?gfggg?%%c DE%QEOQ§F23§%§naé%%%gﬁgbgf?ber 2006

Thereafter, as shown i i I'm of ckness™ of about 100

10 200 1l mrandagcbhLiheiopVolade 18] CKBESE Bl APOUL 240, 10 400 hm are
successively forne y plasma I the stale o ‘covering the thin film
Though not shown in the figure, in the case where a

P channel type thin film transistor is fabricated on the
same insulating substrate 600 to constitute a CMOS
circuit, the region of the ﬁ channel type thin film

- transistor is covered with a photofesist, thereafter the
impurity is changed from P* ions to B* iéns, and ion
doping is conducted at a dose of about 1 X 10%°/cm®. In
this caée, the impurity may be injected by use of a mass
separation type ion implantation apparatus.

After the above steps, activation of the impurity

injected into the polycrystalline silicon thin film 603a
is conducted by RTA (rapid thermal annealing) using a UV
lamp. In this case, laser activation annealing using an
excimer laser may be conducted, as required. Thereafter,
needless portions of the polycrystalline silicon thin
film 603a and the gate insulation film 602 are patterned
simultaneously to form a thin film transistor 615, and to
separate the thin film transistor 615 on a device region

basis.
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transi stor 615 on the insulating substrate 600, to form an interlayer
dielectric filme6l7. On this stage, the so- called hydrogenati ory NVERBri2065
was conducted; nanely, a heat treatnent at a tenperature of 350 to 400C
was conducted in nitrogen gas, in a formng gas or in vacuum to diffuse
hydrogen atons contained in the interlayer dielectric film®61l7 into the
polycrystalline silicon thin film603a. Thereafter, a contact hole is
opened in the interlayer dielectric film®61l7, and then a filmof M, Al

or the like is sputtered in a thickness of 100 nmto 1 Mn followed by
patterning the splitexsaitds | ms mhova ipr 66t .er9®, ned fdRapeft 8iPprima wiring
el ectrode 618 connected to the source and drain regions 613. Further, a

pl anari zi ng thyekné26 &6rakduinfl@0 photDGEneh tan® actyin of dsi.niarat he |ike
is applied in a thickness of about 1 to 3 gm and photolithography is

conduct ed thiokrasa e6ntbcht hob ecs eachimy dhe SQUFSSs B ydifairedegi ons
613. Then, a transparent conductive filmformed of indiumtin oxide

(1 n2CB8+Sn(By peashaatyerinefReretatd® &8 dJFAr Mg tdree ldrke griia reflective
el ectrode filmformed of Ag, Al or the 52 17 venber 2006 like is

sputtered @Bahbﬁs%én@isbe@Qtﬂx@YﬁEs@]?Qt11@%‘%1&%6%@3&‘60% geAtegrned into a
predeterm ned shape to forma pixel rode 621 connected to the source
and drain aﬁe9h99§1§§§r dielectric film 617. On this stage, the so-

called hydrogenation annealing was conducted; namely, a

heat treatment at a temperatﬁre of 350 to 400C was

conducted in nitrogen gas, in a forming gas or in vacuum,

to diffuse hydrogen atoms contained in the interlayer

dielectric film 617 into the polycrystalline silicon thin

film 603a. Thereafter, a contact hole is opened in the

interlayer dielectric film 617, and then a film of Mo, Al

or the like is sputtered in a thickness of 100 nm to 1 um,

followed by patterning the sputtered film into a

predetermined shape to form a wiring electrode 618

connected to the source and drain regions 613. Further, a

p}anarizing layer 620 formed of a photosensitive acrylic

resin or the like is applied in a thickness of about 1 to

3 um, and photolithography is conducted to open a contact

hole reaching the source and drain regions 613. Then, a

transparent conductive film formed of indium tin oxide

(Iny,03+Sn0,; hereinafter referred to as ITO) or the like

or a reflective electrode film formed of Ag, Al or the
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In-the polycrystalline silicon thin filmtransistor 615 fabricated as
above, the nobility is 250 to 340 cn2/Vs for the:N channel type NVEmBar2obe
180 cn2/Vs for the P channel type, which is not less than 2 to 3 tines

hi gher than that in the prior art. Thus, nobility is largely enhanced.
<Met hod of Fabricating Thin Film Transi stor-2> Now, a second exanple of the
nmet hod of fabricating a thin filmtransistor by applying the nethod of
treating a sem conductor thin filmdescribed above will be described

bel ow. Here, as the second exanple, a nethod of fabricating a top gate
type thin ¥ikenis asmistearedidn e pdeseriikdddgbdsedrom 2Bl GSndlOsand 11.
Wil e the nethod of fabricating an N channel type thin filmtransistor is
shown her e;hdhen fived hqsh tarrel appld ed greddte riliekaneekbpentot hersage manner
by only changing the inpurity species (dopant species). First, as shown in
FIG 10A pigfoweditdaavdin aorindrday el shiUehbukeet anhegasbyffer |ayer
801 is continuously built up on an insulating substrate 800 by a 53 17

Novenber 2006 o4 asmp CVD net hod. The first layer ground filmis formed of-
Si NX and has a thickness of 100 to 200 nm The second |layer ground filmis

formed of Si02 and has Bohhbekaessifhe 109:58n200;: M ;AR AIMIANQUS. silicon
thin film802 is

615 fabricated as above, the mobility is 250 to 340 cm?/Vs
for the N channel type and 120 to 180 cm?/Vs for the P
channel type, which is not less than 2 to 3 times higher
than that in the prior art. Thus, mobility is largely
enhanced.
<Method of Fabricating Thin Film Transistor-2>

Now, a second example of the method of fabricating
a thin film transistor by applying the method of treating
a semiconductor thin film described above will be
described below. Here, as the second example, a method of
fabricating a top gate type thin film transistor will be
described based on FIGS. 10 and 11. While the method of
ﬁébricating an N channel type thin film transistor is
shown here, the method can be applied to the P channel in
the same manner by only changing the impurity species
(dopant species).

First, as shown in FIG. 10A, a ground film with a
two-layer structure to be a buffer layer 801 is

continuously built up on an insulating substrate 800 by a
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formed on the buffer layer 801 in a thickness of about 30 to. 80 nmby a
plasma CVD nethod or an LP-CVD nethod. Where the plasma CVD net7Nmleinber2606!
for formng the - amorphous silicon thin film 802, annealing in nitrogen

at mosphere at 400 to 450C is conducted for about 1 hr, in order to reduce
the amount of hydrogen in the film Here, if required, Vth ion

i nplantation is conducted as above- described to inject B' ions into the
anor phous silicon thin film802 in a dose of, for exanple, 5 X 1011 to 4 X
1012/cnR2. In this case, the acceleration voltage is about 10 keV. Next,

t he above-pbsond b8 methiood of Treedtiveg Lhgert BirBuhbl misaM 0pdHE O
substrate (for exanple, the treating nethod of First Enbodinent) is

appl i ed t oof h&iN.armicphoeis ssidHienmethi BEf tbm 8825 00aaR! Y, THd& amyphous
silicon thin film802 is irradiated with a light pattern Hp generated by

i nterferenteyef spbidd|esen beardrhig and sikg, 2hQ gr¥stallize.the goorphous

silicon thin film802, thereby formng a polycrystalline silicon thin film

802a. Subsegmuiens 1300 afn ShOWD dnfd BHG, <1981 1 LBE B4 1F; NQvepber 2006
pol ycrystalﬂlﬂ?Jne silicon thin fi Ir% 80§a F)slpatter%lreld %mo 1§1ahd form A

Lpm of S fBrdes apwn o Lhrepaldatnof; Bol verysialline ¢l bican Lpin film
802a in a thickness of 10 to 40ﬁm (here, Tor “exanple, 166°K y a
plasma CVRy g0 nm by a plasma CVD method or an LP-CVD method.
Where the plasma CVD method is used for forming the
amorphous silicon thin film 802, annealing in nitrogen
atmosphere at 400 to 450°C.is conducted for about 1 hr, in
order to reduce the amount of hydrogen in the film. Here,
if required, Vth ion implantation is conducted as above-
described to inject B ions into the amorphous silicon
thin fiih 802 in a dose of, for example, 5 X 10 to 4 X
10*%/cm®*. In this case, the acceleration voltage is about
10 keVv.
Next, the above-described method of treating the
thin film semiconductor substrate (for example, the
;;gating method of First Embodiment) is applied to the
amorphous silicon thin film 802; namely, the amorphous
silicon thin film 802 is irradiated with a light pattern
Hp generated by interference of split laser beams hl and
h2, to crystallize the amorphous silicon thin film 802,

thereby forming a polycrystalline silicon thin film 802a.

Subseqdently, as shown in FIG. 10B, the
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nmet hod, a normal pressure CVD nethod, a | ow pressure CVD nethod, an _
ECR-CVD nethod, a sputtering nmethod or the like, to forma gate¢; \SHballo8s
filmB803. Next, a filmof A, Ti, M, W Ta," doped polycrystalline _
silicon or. the like or an alloy thereof is forned on the gate insulation
film803 in a thickness of 100 to 800 nm and is patterned into a
predeterm ned shape to forma gate electrode 804. The portion of the
polycrystalline silicon thin film802a beneath the gate electrode 804 is
protected as a channel region 811. As described above; B ions have -
prelim narpbyybegstaens esi1idho tihen chamnelooegis:opa8ttrhrdaigesparatively
| ow dose by Vth ion inplantation. Next, P ions are injected into the

pol ycrystal sised sdin con tehilm IJd mi8028s byr i iGN 1l §8dd it hod using
mass separation, to provide LDD regions 812. The ion ‘injection is

conduct ed gueyci e il U ASS, ofn e s RplaeLYStall kRgcshLLgopethin film

802a with the gate electrode 804 as a nmask. The dose Is to 5 X

1013/ cnR. C tiyn.yol ¢ age. .| for ;exanphe; 9 1P L
Novenber Z%QEtéTﬁgir ggn?t ée}%rk a re%gsef}&%néjtltee’r nl%?o%\t)tgéf gnbﬁ‘t%{gm% S{tﬂl’r)e) IS

formed S0 @Sd0s S Glolier dale: SLectansiq A3 AN 1E LsuLioudipgs thereof,
and P' ions are injected’ima hig .
method, an ECR-CVD method, a sputtering method or the
like, to form a gate insulation film 803.

Next, a f£ilm of Al, Ti, Mo, W, Ta, doped
polycrystalline silicon ox the like or an alloy thereof
is formed on the gate insulation film 803 in a thickness
of 100 to 800 nm, and is patternedvinto a predetermined
shape to form a gate electrode 804. The portion of the
polycryétalline silicon thin film 802a beneath the gate
electrode 804 is protected as a channel region 811. As
described above, B" ions have preliminarily been injected
into the channel region 811 in a comparatively low dose
by Vth ion implantation.

. Next, P' ions are injected into the polycrystalline
silicon thin film 802a by an ion injection method using
mass separation, to provide LDD regions 812. The ion
injection is conducted over the whole surface of the
polycrystalline silicon thin film 802a with the gate

electrode 804 as a mask. The dose is 6 X 102 to 5 X

102/cm®. The acceleration voltage is, for example, 90 keV.
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concentration by an ion shower doping nethod of the mass non-separation
type, to formsource and drain regions 813. In this case, the tdavember 2006
exanple, 1 X 1015/cn2, and the acceleration voltage is, for exanple, 90
keV. As the doping gas, a hydrogen-diluted 20% PH3 gas is used. Though not
shown here, where a P channel type thin filmtransistor is formed on the
sane insulating substrate 800 to constitute a CMOS circuit, the region of
the N channel type thin filmtransistor is covered with a photoresist,
then the doping gas is changed to a 5 to 20% B2H2/H2 gas, and ion

i nj ecti on TisecdiEtict ech Unddersd R teandi (dons Lf 1a daser@fuabout sl X 1015 to
3 X 1015/cn2 and an acceleration voltage of, for exanple, 90 keV. The

formation @ ddie souceandbnaichd egians 813 Rk Bgs gARApGLed by use of a
mass separation type ion injection Tapparatus. Thereafter, a treatnent for

acti vat| or gfdigs; dlopanicddected: it gohiie pol yerystadlipe, sildgon thin

film802a 1s conduct e activation treatnent carri out by use

f RTA ' ' ' W | int anme_nanner as in
?he cas(erg&rg%éw%%nb%%% %anr??“%gaﬁoéjnmgfa%%tgé?t S%Gtg:a?emtaﬁ%e thin
filmtransistor. Thereafter, needlgss portions oé %he.%ate insulg{&on film
803 and t HEBUFTRFTTaYE B0 are st Al t 2nBb0s| 2 Patf 2t heticorons .

In this case, the dose is, for example, 1 X 10¥®/cm2, and
the acceleration voltage is, for example, 90 keV. As'the
doping gas, a hydrogen-diluted 20% PH; gas is used.

Though not shown here, where a P channel type thin
film transistor is formed on the same insulating
substrate 800 to constitute a CMOS circuit, the region of
the N channel type thin film transistor is covered with a
photoreéist, then the doping gas is changed to a 5 to 20%
B;H,/H, gas, and ion injection is conducted under the
conditions of a dose of about 1 X 10% to 3 X 10%*®/cm® and
an acceleration voltage of, for example, 90 keV. The
formation of the source and drain regions 813 may be
conducted by use of a mass separation type ion injection
apparatus.

Thereafter, a treatment for activation of the
dopant injected into the polycrystalline silicon tﬁin
film 802a is conducted. The activation treatment can be
carried out by use of RTA (rapid thermal annealing) using

a UV lamp, in the same manner as in the case of
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to separate the thin filmtransistor 815. on a device region basis.
Thereafter, as shown in FIG 11, a filmof SiQ2 in a thicknessi7aioveRbaH2006
100 to 200 nmand a filmof SiNx in a thickness of about 200 to 400 nm
wer e successively formed by plasma CVD, in the state of covering the thin
film transistor 815 on the insulating substrate 800, to form an
interlayer dielectric film817. On this stage, the so- called hydrogenation
anneal i ng was conducted; nanely, a heat treatnent at about 350 to 400C was
conducted in nitrogen gas, in a formng gas or in vacuumfor 1 hr, to

di f fuse hyfhloger atons £ ontlaittech igatiche viprt eHiay€rlndiebhegti st6rfi |l m 817
into the polycrystalline silicon thin film802a. Thereafter, a contact

hol e i s opEnetedftdhe ndddlardAayRrdicgledfr ithef Hae8lhsandtibg gaig
insulation film803, and then Al-Si or the like is sputtered, followed by

patterni nggiNton@ predsherainegdyshaper t Qrlosmua Whebhg ¢l §5t £0de. 818
connected to the source and drain regions 813. Further,” a planari zi ng

layer 820 dordmd, ofc & ciphatidsensitd Ve 3N WHs 5881 BLOL hhe;Like is applied

in a thickness of about 1 to 3 /im ghglthéﬁ photoFlthogrép%y 57 17

Novenber %%%ﬁoﬂ £onducted to open a contact hole reaching the source and
At

drain regions 813. transparent conductive film forned of I TO or the like
or areflective %%%%%%%qgrilgg]shown in FIG. 11, a film of Si0, in

a thickness of about 100 to 200 nm and a film of SiNy in a
thickness of about 200 to 400 nm were successively formed
by plasma CVD, in the state of covering the thin film
transistor 815 on the insulating substréte 800, to form
an interlayer dielectric film 817; On this stage, the so-
called hydrogenation annealing was conducted; namely, a
heat tréatment at about 350 to 400°C was conducted in
nitrogen gas, in a forming gas or in vacuum for 1 hr, to
diffuse hydrogen atoms contained in the interlayer
dielectric film 817 into the polycrystalline silicon thin
film 802a. Thereafter, a contact hole is opened in the
igterlayer dielectric film 817 and the gate insulation
film 803, and then Al-Si or the like is sputtered,
followed by patterning into a predetermined shape to form
a wiring electrode 818 connected to the source and drain
regions 813. Further, a planarizing layer 820 formed of a

photosensitive acrylic resin or the like is applied in a

thickness of about 1 to 3 um, and then photolithography
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formed of Ag, Al or the like is sputtered on the planarizing |ayer 820,
and is patterned into a predeterm ned shape to forma pixel elleNdvedBr88ds
connected to the source and drain regions 813. In the polycrystalline
silicon thin filmtransistor 815 fabricated as described above, the
mobility is 310 to 420 cnR2/VS for the N channel type and 150 to 210 cn®/Vs
for the P channel type, which is higher than that in the prior art.

<Di splay Systenr FIG 12 is a sectional structural view of a display
portion (pixel portion) of an active matrix reflection type liquid crystal

di splay panelcdsisptey Y@M a cisiddiutrd b ok the Beutem gate type
thin film transistor orthe top gate type thin filmtransistor fabricated

as descri bgg aboye, JheisHspiay. susteanspawantnc.bheybt gyLes ag a panel
structure in which a pair of insulating substrates 901 and 902 are

|ami nat ed on,eagMPUPRS A UL SPAGRr £.903 , JIANNG.R WAMRLELO Fl 0 5 UM

t herebetween and wth an ectro-optical substance ebet ween.

As the 58 e 2006 I r-a~0pt.i cal bst ance , torsion nenatic
(TN) type %%ﬂﬁ?a,d %qr)%?’a%m?xgrﬁ sﬁe{%g W %@ué%uesré%f O&n%g'%e i nsul ating

substrate P §h§¥E%{§§lfg§grsgé%% and is patterned into a

predetermined shape to form a pixel electrode 821
connected to the source and drain regions 813.

In the polycrystalline silicon thin film transistor
815 fabricated as described above, the mobility is 310 to
420 cm?/Vs for the N channél type and 150 to 210 cm?/Vs
for the P channel type, which is higher than that in the
prior art. |
<Displa§ System>

FIG. 12 is a sectional structural view of a display
portion (pixel portion) of an active matrix reflection
type liquid crystal display panel (display system)
constituted by use of the bottom gate type thin film
t%ansistor or.the top gate type thin film transistor
fabricated as described above.

The display system shown in the figure has a panel
structure in which a pair of insulating substrates 901

and 902 are laminated on each other with spacers 903

having a diameter of 2 to 5 um therebetween and with an

'electro—optical substance 904 held therebetween. As the
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(the side of the electro-optical substance 904), a lamnate structure is
provided in which thin film transistors 905, a |ight scatteri ng NowfRber2065
consisting of a resin layer having a roughness of 1 to 2 /I m pixel

el ectrodes 907 consisting of a silver thin filmhaving a thickness of 100
to 300 nm and connected respectively to the thin filmtransistors 905, and
a polyimde oriented film 908 having a thickness of 50 to 150 nm are
sequentially lam nated. Particularly, the thin film transistors 905 are
bottomgate type thin film transistors or top gate type thin film

t ransi st orel adtireh oparie aabtzailnedinyy the , abovei dasaenhedcnerhpdty» t he ot her
hand, on the insulating substrate 902 on the upper side (on the side of
t he eIectrx&quﬁd(gﬁysgggbaﬁﬂwgﬁiém@4hreawﬁagupaﬁgeatructure is provided in
which a black matrix 909 for inter-pixel light shielding fornmed by

patterning a spuphergd @Hggmhemh%hgﬁbé&m@ysopf&{ ol hd hography; qand wet
etching, red, green and blue or filter patterns 910 provided in the

gaps in thepdlac @ gt %Q%ct% -eneaal shsxegngé B@y' ng a thickness of

l1to3 /un covering these, an O comon 2006 el ectrode 912
having a tfui 0 d o] ted film913
havi ng a t%IC ness‘%%régyhﬂé : %r%gég%g %gqﬁg%¥#a gnlg%?ﬁated

transistorsv905, a light scattering layer 906 consisting
of a resin layer having a roughness of 1 to 2 um, pixel
electrodes 907 consisting of a silver thin film having a
thickness of 100 to 300 nm and connected respectively to
the thin film transistors 905, and a polyimide oriented
film 908 having a thickness of 50 to 150 nm are
sequentially laminated. Particularly, the thin film
transiséors 905 are bottom gate type thin film
transistors or top gate type thin film transistors which
are obtained by the above-described method.

On the other hand, on the insulating substrate 902
on the upper side (on the side of the electro-optical
sgbstance 904), a laminate structure is provided in which
a black matrix 909 for inter-pixel light shielding formed
by patterning a sputtered chromium thin film by
photolithography and wet etching, red, green and blue

color filter patterns 910 provided in the gaps in the

black matrix 909, an overcoat layer 911 having a

thickness of 1 to 3 um covering these, an ITO common
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In the display systemconstituted as above, the thin filmtransistors 905
functioning as swtching devices for the pixel electrodes 907 #F Rovember 2006
fabricated according to the present invention, and nobility and

uniformty of characteristics are higher than those in the prior art. As a
result, there are obtained the nerits that uniformty of display is also

i nproved and that generation of display spots and | um nescent spots in
hal f tone which occurs in the case where the thin film transistors are
fabricated by the conventional polycrystallization process can be

obvi at ed. dhecpr&send1d MEAtdPn it Mndddndred oo tbheodetal, | angof, t he above
descri bed preferred enbodi nents. The scope of the invention is defined by

the appended ¢1aid® adknld changes andmedif ieationssagef apl Wi thin the
equi val ence of the scopélof the clains afggfﬁéfefore tg be@engggced by the

invention.l§p %ﬁ'&gy eﬁ¥¥§§19N¥gqfﬁ%egdqined is: 1. A sem conductor
a

manuf acturi ng devi ce conpri sing: aser source; a splitting nmeans for

splitting an output .from. aser..source into_a.plurality of, beans; an
i nterference neaﬁé F%F g%% ?ﬁg §§F6%8|898 #%%u%?db%%n% %% ft- ? sai d

splitting meang, fo jnteriers andd QA ReuLle Ladiaplion pattern on a

devices for the pixel electrodes 907 are fabricated
according to the present invention, and mobility and
uniformity of characteristics are higher than those in
the prior art. As a result, there are obtained the merits
that uniformity of display is also improved and that
generation of display spots and luminescent spots in half B
tone which occurs in the case where the thin film
transisébrs are fabricated by the conventional
polycrystallization process can be obviated.

The present invention is not limited to the details
of the above described preferred embodiments. The scope
of the invention is defined by the appended claims and
a%l changes and modifications as fall within the

equivalence of the scope of the claims are therefore to

be embraced by the invention.
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sem conductor device structure; and a phase shifting means for _

el ectro-optically shifting the phase of at |east one of said pIMNgVeMb,erZO‘OG
beans split by said splitting means. 2. A seniconductor manufacturing
device according to claim1l, wherein said laser [|ight generation neans
source is a pulse oscillation laser utilizing |aser diode excitation. 3. A
nmet hod of treating a sem conductor device structure, conprising: .
generating a | aser beamw th a | aser source; splitting the |aser beaminto
a pl ur al Whatois dsimnes;iscreating an interference pattern with the plurality
of beams; and irradiating said sem conductor device structure with a

peri odi c 1pAl $ermnicopdoetophRmubactim@ BEGEE tefpring: he plurality of beanms. 4. A
met hod of treating a sem conductor device structure according to claim3
wherei n g3hdef ssfitesource is pulse-oscillated by |aser diode excitation. 5.
A seni conduct or manuf acturing device according to claim1, wherein the

| aser s G- | ' .l aser. and a wavelength of said laser.is in a
range of gl%?ﬁfr{(?smggﬂgﬁ% g@&mg %%@85&8&@\% RS FOUER A G @H(ﬁ%@éoﬁccor di ng
to cl ai npf?mﬁnerei na period of light interference is in a range of 0.5 to
20 pm 7. A sem conductor manufacturii mdevi ce according to claim1,
wher ei n BRdntepierenss Means faftGassingsaid plurality of beams split by saitbsplitingrat er i al
and a neMmaans teilgienfese anddom apatiodieragiation pattean oareysurtdcedofato 20 pm 8.
A met hodsemiconshuctarglevicesstiunturdsiandr  devi ce structure according to claim 3,
wherein the | aser source is an exciner |aser, and the wavel ength of said
| aser i sa phase sHiftigg nddankS0r erRcdogtidallf dhifting the phase of at least one of

said plurality of beams split by said splitting means.

2. A semiconductor manufacturing device according to claim 1, wherein said laser
light generation means source is a pulse oscillation laser utilizing laser diode
excitation.

3. A method of treating a semiconductor device structure, comprising:
generating a__laser beam with a laser source;

splitting the laser beam into a plurality of beams:;

creating an interference pattern with the plurality of beams; and irradiating said
semiconductor device structure with a periodic pattern generated by interference

of the plurality of beams.

4. A method of treating a semiconductor device structure according to claim 3,
wherein said laser source is pulse-oscillated by laser diode excitation.

5. A semiconductor manufacturing device according to claim 1, wherein the laser
source is an excimer laser, and a wavelength of said laser is in a range of 150 to
450 nm.

6. A semiconductor manufacturing device according to claim 1, wherein a period
of light interference is in a range of 0.5 to 20 um.

7. A semiconductor manufacturing device according to claim 1, wherein the
periodic radiation pattern is used to melt a device material and a melting width or
melting diameter is in a range of 0.5 to 20 um.

8. A method of treating a semiconductor device structure according to claim 3,
‘wherein the laser source is an excimer laser, and the wavelength of said laser is
in a range of 150 to 450 nm.
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17 Novenber 2006 9. A nethod of treating a sem conductor device structure
according to claim3, wherein a period of interference is in a faNgentkr 06
to 20pm 10. A nethod of treating a sem conductor device structure
according to claim3, wherein the periodic pattern is applied to regions
of the device structure which are nelted and a nelting wwdth or nelting
dianeter is in range of 0.5 to 20pm 11. A nmethod of treating a

sem conduct or device structure according to claim3, further conpri sing:
applying the periodic pattern to a plurality of first regions of the device
st ruct ur €. A methodjof theatingr 4 seimicqraluictordevicesstamiture- axebidig lty cRivnf3,i ng t he
phase of wetereires periog obinterferieficd éairba ramgk bh@588720pmM.app! Yi ng the periodic
pattern to .a plurality of second regions of the device structure. 12. A

TELI 1SRN o MGG NS RESRIT) ekl 1 11
. yher i .
TEITING ¥héltdh afd arﬁélﬁ%ﬁﬁ%ﬁfgﬁmbSdiér‘ﬂet!’érrisa?‘;gr%n‘ggo@'o. Eo‘gz?ﬁw 8%

11. A method of treating a semiconductor device structure according to claim 3,
further comprising:

applying the periodic pattern to a plurality of first regions of the device structure;

moving the periodic pattern by electro-optically shifting the phase of at least one of
said beams; and

thereafter applying the periodic pattern to a plurality of second regions of the
device structure.

12. A method of treating a semiconductor device structure according to claim 11, - -

wherein the first regions are melted with the periodic pattern and a melting width
or melting diameter is in a range of 0.5 to 20 um.
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