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0 a
met hod a illif or i nspecting a filmquality of a po mm
formed on of, for exanple, an LCD (Liquid Crystal BsgEfftay). In
t he manuf act USPAB* of an LCD, a | aser beamlis 410 often applied to an

anor phous silicon film (hereinafter referred to as a-Si) filmforned on a
substrate of the LCD to thereby transformit into a poly-silicon
(hereinafter referred to as p-SrJTLE| @F THESINUENT@@Na sem conductor film
having a high electron nobility. In 15 this case, an exciner |aser beamis
applied to theFalBi QUALATHy INREEGEENGF MERHRDAANEX ¢1Iidr QUASAITYAnneal )

met hod. According to a process using this ELA nethod, the a-Si filmis

mel ted and cryéNgPEC'z‘"éHGi ASPARRIRSouUsly to 20 give less thermal damages to
the substrate, thus naking it possible to forma p-Si filmby a | ow
tenperature process at about BASEFCRIUNRLY TEH SINYERMNBIGh advant age of being
able to formthe p-Si filmusing an inexpensive glass substrate with a

large area. 25 The éP8cPrESeRSHLNVERtIOMerd FheH & fd BaEhRY Bq cnp/ Sv) ,

which gives a value/unit field of an aver noVi speed (drift speed: vd
(cnis)) of theSPPREFELS) Fo5| ABSPEREINA Gr yotld) Gifart tih Odi GcBAN T ol d E

Vicn) i lied.to t tal . By usi hap-Si fil TFT _(Thi
I mTr ansi oL oP) SCOR. A LHRghOGRER P nERLrs (Eaf eS0T FRFTB 15N 4l acs

substrate by a,;law r.agur ocess. By using a p-Si filmand a TFT, the
probl em can beLégl6%§apgdtEgygggﬁoéﬁgp%agxfhin and high-definition LCD of a

so-cal l ed driver noraql ithi J i ri sectyi TEL
pi cture-el ement sec??’olﬁth%F%atg)raggf(gr&fr%ﬁg%fgﬁq}a Lg és% sltjabq%trr éoteea?(pgﬁs:n an
a-Si fiigmis tB@EéBOEIHFﬂ’ibBt Qolal §mokgh%gh@qqq%o%mmm rxgllegxé-%%%t fr the

| aser beam however, IS necessary t i

noni t or whether It orned into

an appropriatergkystal ebakg GPaRYI ¢yhal ¢ HRIBLE a Qudktrht@ WP ¢hdore).
In monitoring of the crystal state, to check the crystal state the securest

technol ogy i s topnesi taerthe epbhkfoghass swlst BaR1§i-s9atilapnt hr ough an
optical m croscope, which nmethod however cannot possibly be 20 applied to a

field producti ghekktinafterankdaatredt hios agephed )s@Eitlkgt tihlushe rdnheh at he
actual production line, there is available a technol ogy disclosed in Jpn.
Pat. Appl n. KOEé&miPobHucabiromibin. h8v3Hg78, hikihc leletdtirione sniobdrlhielyat i dm
between a crystallization ratio and a 25 refractive index of a filmto
determ he t he Ebfipacepee Bndexcamenglassenbesndist erpldser tel Ithesei-Fiwith a

wavel ength of 1294 nmt hus deci di ng whether a rel evant
film by the use of an ELA (Excimer Laser Anneal)

method.
According to a process using this ELA method, the
a-Si film is melted and crystallized instantaneously to
20 give less thermal damages to the substrate, thus making
it possible to form a p-Si film by a low temperature
process at about 450C or less. This gives an advantage
of being able to form the p-Si film using an
inexpensive glass substrate with a large area.
25 The electron mobility is here indicated as
u= |vd/E| (cm2/8V), which gives a value/unit field of

an average moving speed (drift speed: vd (cm/s)) of the



- 3 'product is to be accepted or rejected. Furthernore, for exanple, Jpn.
Pat. Apple. KOKAI Publication No. 3-97219 discloses a technology for, while
appl ying an inspecting beam optimzing the 5 crystal state of the
substrate to be processed, on the basis of a resultantly detected beam
intensity. Furthernore, Jpn. Pat. Apple. KOKAl Publication No. 6-244276

di scl oses a technol ogy for, when detect+ng eval uating a change i n phase
such as a 10 crystal or anorphous state of a sem conductor film by applying
energy beam applying an annealing | aser beamvertically to the

sem conduct or feille@thrOnseGRl & v t/a8S WHetNtar &fllerfdd ian iearm spect fah) Yis$o
that a spectral reflectivity distribution thereof nay be conpared to 15

data stored inappddieabase thichusyenalluating the crystallization state of the
sem conductor film Furthernore, Jpn. Pat. Apple. KOKAl Publication No.

6- 244255 di scl oses &8y ecding gy &r pusdingEidnspectTEF (Thofn [Bihf t he
reflection beamof a silicon 20 filmto thereby calculate its

pol y-crystal | i Airaysristtios )amd tdner pHiols -edesys: naat imeb iFurtyherarortess  flpmedPat .
Appl e. KOKAI Publication No. 11-274093 di scl oses a technol ogy for applying
a proces8ing | 8%er gdamsasibs tredsubiyn@ levert dnmmnatBizg miqcarsousIBY to a

silicon filmto nonitor their reflectivity, thus determ ning the |ayer
state of the siWSi®enaf P—-fi film and a TFT, the problem can be solved

to thereby obtain a thin and high-definition LCD of a
so-called driver monolithic type in which a driver-
section TFT and a picture-element section TFT are

10 formed on a glass substrate.

When an a-Si film is transformed into a p-Si film
through annealing by use of the laser beam, however, it
is necessary to monitor whether it is formed into an
appropriate crystal state (particulate diameter: 0.2-

15 1.0 um or more).

In monitoring of the crystal state, to check the
crystal state the securest technology is to monitor the
entire glass substrate directly through an optical
microscope, which method however cannot possibly be

20 applied to a field production line. To automate this
method so that it may match the actual production line,
there is available a technology disclosed in Jpn. Pat.
Appln. KOKAI Publication No. 8-51078, which utilizes
correlation between a crystallization ratio and a

25 refractive index of a film to determine the refractive
index using a semiconductor laser ellipsoid with a

wavelength of 1294 nm, thus deciding whether a relevant



r - 4 Furthernore, Jpn. Pat. Appln. KOKAl Publication No. 2000-1336l 4

di scl oses a technol ogy for applying the | aser beamin pulse to a silicon

| ayer to determine a state of the silicon |ayer based on a tinme-wise 5
attenuati ng waveform Furthernore, Jpn. Pat. Appln. KOKAl Publication No.
11-121378 di scl oses a technology for nmeasuring a reflectivity of a gl ass
substrate on its back side on which a STIF%on'Iayer is formed, to determ ne
a state 10 of the silicon |layer based on the neasurenent of the
reflectivity. By the technol ogy disclosed in Jpn. Pat. Appln. KOKAI

Publ i cati on” NoPr8dBEb6¥Sf 6P BBt RRCEPREt RE &FYSEhkdstate of the substrate

to be processed onlé 15 based on the intensity of the inspecting beam
however, the substr PétESﬁWBFebefﬁéa@é&m§&ﬁﬁi&P@nt@@F-s@ﬂﬂ%ﬂ-zﬁﬁﬁﬁ%

t hereof where the_a-Si . filmis_n | ted can be kno fqQr sure but a part
Lher eof whor o PHELACRFLPPI Pi s 3761208 HupotPRESery SeaTsarEvedPEre 20

(particul ate d& ..teg: 9.01-0.02.Hn1a %noxi tely) %Lanstor into a
ranul ar ot at e¥BERG=PBLURBESE YA RBEERAGS PRER) L T4 Podee
roro-crystal SLLEeRn (Yaesl bl 85LOLB GaNOL PR L at R IR L vhere
oo aver =02 ELSERGOTCITH bt 8L ) SHEecIAn-RaleluR sk (e SV
Furthermore, Jpn. Pat. Appln. KOKAI Publication
No. 6-244276 discloses a technology for, when
detecting/evaluating a change in phase such as a
10 crystal or amorphous state of a semiconductor film by
applying energy beam, applying an annealing laser beam
vertically to the semiconductor film to receive a
resultant reflection beam spectrally so that a spectral
reflectivity distribution thereof may be compared to
15 data stored in a database, thus evaluating the
crystallization state of the semiconductor film.
Furthermore, Jpn. Pat. Appln. KOKAI Publication
No. 6-244255 discloses a technology for using a
spectral profile of the reflection beam of a silicon
20 film to thereby calculate its poly-crystallinity ratio
and amorphous-ness ratio.
Furthermore, Jpn. Pat. Appln. KOKAI Publication
No. 11-274093 discloses a technology for applying a
processing laser beam and a measuring laser beam
25 simultaneously to a silicon film to monitor their

reflectivity, thus determining the layer state of the

silicon film.
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- 5 'of a driver section TFT. By this nmethod, therefore, it is inpossible
to know whether a p-Si filmis formed uniformy,- thus-possibly
deteriorating the yield of manufacturing the TFT. 5 Furthernore, by the
technol ogy disclosed in Jpn. Pat. Appln. KOKAT Publication No. 3-97219 for
applying a visible reference | aser beamto a site where the exciner |aser
beamis being applied to evaluate a crystalization |level of the site based
on a change in 10 intensity of the resultant transm ssion or reflection
beam there is a problemthat it is inpossible to obtain information of
re-crystallization aurdheawtora, pign.- Gatst #Addlzrat IKOKATFWrUdieramrion by thi s
nmet hod, the excinmer |aser 15 beamis applied in pulse by a few shots, so

t hat when the Wosi BIO®O0rdfB8itdic dilsad@sese amtieshamdidaad , fan sapplansyg sdieon or
refl ection beam chan%es inintensity, thus giving rise to a probl em of
difficulty to désedeberystal Pudisey toBasisdds.Camhdidg/ars to shdtsi wmnse 220
complexity of an apparatus faor. electrically processing and detecting the
ti me-wi se chan§itA§e Rfehdier ¢idf Core lE¥Eds KiaseicoPor teMesttissh beam
Furthernmpre, by the technol ogy disclosed in Jpn. Pat. Appln. KOKAI

Publ i cat Pon No.até-eﬁlft‘@’izénﬂorwa%fﬁﬁé{'sur ement by use of a semi conductor |aser

ellipsoid, it is necessary to kn an curate fil i C ss hef or ehand
for cal cul ating theﬁ&%%@’i %& P%ch -A%ﬁnBesl{Bdég, I'%‘1.}7&‘(0]1]‘?aatt]icbrh t her eof
takes nuch ti t Qus L or.ating the throughput . reover, .an optical
system for thgﬁr?éagér %?rgtr?t%Ba%ﬁ rc&to%gsbgcé:r?é: nl% P&é’ gjr\?% 5“&951‘%15}% . 5
Furthernore, b | agy .di.scl.Qs i . _Pat.. Aqel I

Publ i cati on No¥e%?%f%§§g?9t%g gnﬁggfgn% bggg%Rgééﬁ%fglappcﬁ%éﬁégﬁFF%ally to
a sem conduct ogfichmt @iheeei Ve JiAs hef et Reamspectind |y d der to
then conpare itslspegtrall 1% refaly%ct ilyi ty%{lest’ri butr&leon tc}ﬁe%/dé;tﬁéatcgstor ed
in a daggbase gpdr@wakyatiecd ahyetalaiszdl ah tHeahR 2 A rterg cqngduct or
film so that it is necessary t0 neasure the spectral reflectivity of the
sem conduct or frklfmet-en veagh waveform and also create the data of its 15
consecutive profiles, thus suffering fromconplex data processing. This
probl em hol ds true @ysahs tdedhi® llorghridlsegy sBids AlrosBoh 1 rPakpn.Aggsin. Appl n.
KOKAI Publication No. 6-244255. Furthernore, by the technol ogy disclosed in
Jpn. 20 Pat. ApBPKAI ROKAL cBihlonc &oi.o8—84.0 671274 0@ intited gy adessi ng | aser
beam and the nmeasuring | aser beam are applied sinmultaneously to a silicon
filmto nonitorcrylhtalefitatei vift ¢ hehsubstt nateortdebe @rdatescteda drayer st ate
of the silicon film so that the reflectivity of the 25 processing |aser
beam andSt hat BfsSeleoReifer ingensddy Bdamtice Inswestiae &St her to give

rise to nutual interference of the beam thus disqualifyi r}EEq t he net hod I
- 7 for use i ROHE¥Erat EPReSSREERBAE. CRINChePRONER NS S fl&difndiiogy

di scl osed in Jpn.
go that a part thereof where the a-Si film is not

melted can be known for sure but a part thereof where

the a-Si film is melted but fine crystal particulate
20 (particulate diameter: 0.01-0.02 um approximately)

transformed into a granular state owing to excessive

heating, that is, a part where micro-crystal silicon

(u-c81i) is formed cannot be detected.

This part where the granular-state fine crystal

25 particulate is formed has an extremely low average

electron mobility, not higher than a value of

100 (cm2/S * V) supposed to be appropriate in formation



"Pat .’ Appl n. KOKAI Publication No. 2000-133614, the | aser beamis applied in
pulse to a silicon layer to 5 determne a state of the silicon | ayer based
on the shape of the time-w se attenuating waveform thus conplicating the
processi ng of data such as waveform data. Furthernore, by the technol ogy

di sclosed in Jpn. 10 Pat. Appln. KOKAl Publication No. 11-121378,
reflectivity of a glass substrate is nmeastred on its back side on which a
silicon layer is formed, to determne a state of the silicon based on the
measurenent, thus making it inpossible to directly 15 determ ne the surface
state of the sbfieodrliaper secsébh. TFA.vi 8y ¢hisheedabode, tihteriesfoca®,oljtect of
the present invention to provide a filmquality inspecting nethod and

appar at us mhichscémppﬁ§ébgﬁ &ockpowawhethed 20pofiafdill don foubwd at e
speedi ly and sinply. BRI EF SUMMARY OF THE I NVENTION A filmqualit

i nspecti ng net HBdLaERbydi husoresgilmly @6&&FF§§§¢l&ﬁpﬁ@ﬁnglﬁlﬁbégﬁring beam
havi ng a specific wavelength to an annealed silicon filmforned 25 on a
substrate in aM8RPEEFFBAIPACENRedEWict h respect to the silicon film
neasuring a reflectiont%ntensity or reflectivity of a reflection beam

y
reflected by the Fugthermoresnby; theadeshnedqoy Gd sdessgshiincati®on: and
Pat. Appln. KOKAI Publication No. 3-97219 for applying

a visible reference laser beam to a site where the
excimer laser beam is being applied to evaluate a
crystallization level of the site based on a change in

10 intensity of the resultant transmission or reflection
beam, there is a problem that it is impossible to
obtain information of re-crystallization after actual
poly-crystallization.

Furthermore, by this method, the excimer laser

15 beam is applied in pulse by a few shots, so that when
the visible reference laser beam is applied, its
transmission or reflection beam changes in intensity,
thus giving rise to a problem of difficulty to decide
crystallinity. Besides, there is a problem of

20 complexity of an apparatus for electrically processing
and detecting the time-wise changing intensity of the
transmission or reflection beam.

Furthermore, by the technology disclosed in Jpn.

Pat. Appln. KOKAI Publication No. 8-51078 for

25 measurement by use of a semiconductor laser ellipsoid,
it is necessary to know an accurate film thickness

beforehand for calculating the refractive index.



“inspecting a filmquality of the silicon film based on a neasurenent val ue
obt ai ned by the raedsurenent. A filmaquality inspecting nethod according to
5 claim 11l conprises: applying a beamto an annealed silicon filmforned on
a substrate; detecting a reflection beam having a first range wavel ength
reflected by the silicon filmas a result of the application to obtain a
first detection signal; 10 detecting a Tefdection beam having a second
range wavel ength reflected by the silicon filmas a result of the
application to obtain a second detection signal; and inspecting a film
qual ity of theBeislidesn ftialrulasddnorhelred i tsitkesnhusdc driche, nSghet | on
signals 15 corresponding to about the sane region on the silicon film A
filmaquality idspecstiongtapgatieushaccghgiuty t doglemiviert6 acogmtiises: a st age
on which a substrate havi n% an annealed silicon filmthereon is nounted; a
beam 20 sour ceSYRILER &Rt $D& MEASUWLIEHEG e APPEF ab&iSapsicioad st d adee $ind con
filmon the substrate nounted on the stage; application devices which
sel ectivel y apfPyPésateRavi ng wavel engths in different ranges of the beans

emtted fromthe beam source to the silicon film an 25 optjcal sensor

whi ch receives the F@F&g@tﬁ"&?eﬂeéﬁ rtz"ﬁ J&%H‘Wgtyhéjlsﬁq]i%%@ 37 rRfren
applied by the_application ices. to convert the reflection beaminto _
g _ an eIectrigagrghgpénangggﬁgiIHP 5@%9?% §be§t@§ﬁ2§ébi3%mhhich i nspect’s
the filmaquality of .th i_licon filmbased.aon the.electric signal output
fromthe opti CSF‘“E& 518?3_ ﬁ5‘S/g&dirl?)t(:"l‘-’lglnalls‘ (%)jpg tes(,j é’r?&tég\? yaéé’s %f the

I nvention mﬁlls@&iﬁ%ﬁdﬁ%&éq %Qlk?%od§%&khﬂ%iQQéMyégiéEleﬁM%ea d in part
wi || be obvious tTromthe description, or may be l[earne be practice of the

i nvention. The pRi-@¢hg 134 nadvaRLages +fen! RO HHAYRNLILQN JPA-108 jreal i zed and
. &

10 obt ai ned by ans of "the instrunentalities and conbinations particularly

poi ntedigut hergienatker tBRUEE PESERIBH O O oTHE :SEVERMeVIEWS OF THE

I
DRAW NG The acconpanyi ng draw ngs, which are incorporated in and constitute

a part of the gpeabhiseatingnevhd ulaltleUst 3ty tRNasenrtlibnprefle efF ameodi nent s
of the invention, and together with the general description given above and
the detail ed des@iiicphdoaateflr tthampr efenhed anbadi mertes sgirvert Dedesurserve to
explain the principles of the invention. 20 FIG 1 is a graph for showing a
result of obsethiengpebyradi mgfdesppdctintal ol Itihes Giethi candelcatarorfsiiinp flaet ween
a crystal state and reflectivity of a p-Si filmaccording to a first

enbodi nent of ebehpreyedorimeadt iadiso 25 eRIt@ the dagacodf iiguyr at i on di agram
for showing a | aser annealing apparatus and a poly-crystal filminspecting
appar at 48 accof@nggcts ivie Pricfdtlesnbddivfesuffering fofom womplesestata

invention. FIG 3 is a schematic configuration diagramfor,
processing. This problem holds true also with the

technology disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 6-244255.
Furthermore, by the technology disclosed in Jpn.
20 Pat. Appln. KOKAI Publication No. 11-274093, the
processing laser beam and the measuring laser beam are
applied simultaneously to a silicon film to monitor the
reflectivity thereof in order to detect a layer state
of the silicon film, so that the reflectivity of the
25 processing laser beam and that of the measuring laser
beam are added to each other to give rise to mutual

interference of the beam, thus disqualifying the method



‘showi'ng the poly-crystal filminspecting apparatus. FIG 4 is a
cross-sectional view for showwng a 5 state where an a-Si filmis fornmed on
a glass substrate according to a second enbodi nent of the present
invention. FIG 5 is a cross-sectional view for showing a state where | aser
anneal i ng processing is conducted on 10 the a-Si filmon the gl ass
substrate. FIG 6 is a cross-sectional vieWw fer showing a state where a
p-Si filmis fornmed throughout the glass substrate. FIG 7 is an
illustration for showi ng data of a 15 distribution of reflection beam FIG
8 is a configurfadrt arsai agraonudoat s hova sagréent aser anneal i ng appar at us and
the poly-crystal filminspecting apparatus. FIG 9 is a perspective view
for showi ng the pol yFetthemsead, fHYy nthaspechnofgoappdi atlssedl & IPnis an
illustration for showi ng an expanded screen of reflection beamsent from
the p-Si film HETAAMRD DESCHAIT KN GreatHRn NVENTF TN Tha3 641 oWierg wi | |
describe in detail the 25 preferred enbodi nents of the present invention
with reference ltétﬁ%év%ﬁrnavwg@p@%elrarmmu%o s3 | sEbicomekayemf ter
referred to - as a-Si) can be manufactured by a | ow tenperature
process even at eatqré‘%ﬁ?raﬁﬁ‘@ﬁﬁ Ff50dierstbleon jtayer p%%?%l%“t%h%se an
i nexpensi ve glﬁgf subgg %Eg and also to nake a large s reen of
conpensat e for S'aRfw & et e LTS 13§ MR e M, kﬂtﬁ' si ze must
be | arge, thus IVI ng riset robl em of a_decrease nuner i aperture
51 L 1 e P

Tn high defini 93 frerar S §r (s s %OV%Y%E%H“drlver
| C therein gene&aacla{.y

Furthermore, by the technology disclosed in Jpn.
10 Pat. Appln. KOKAI Publication No. 11-121378,
reflectivity of a glass substrate is measured on its
back side on which a silicon layer is formed, to
determine a state of the silicon based on the
measurement, thus making it impossible to directly
15 determine the surface state of the silicon layer
itself.

In view of the above, it is an object of the
present invention to provide a film quality inspecting
method and apparatus which can inspect a crystal state

20 of a silicon substrate speedily and simply.
BRIEF SUMMARY OF THE INVENTION

A film quality inspecting method according to
claim 1 comprises: applying a measuring beam having a
specific wavelength to an annealed silicon film formed

25 on a substrate in a direction inclined with respect to
the silicon film; measuring a reflection intensity or

reflectivity of a reflection beam reflected by the



"10 To solve these problens of the a-Si, poly-silicon (hereinafter referred
to as p-Si) is attracting the attention of the industries. As a p-Si TFT,
first a high-tenperature p-Si TFT was devel oped foll owi ng a nono-crysta
silicon MOS-FET. The high-tenperature 15 p-Si has an electron nobility
about 100 tinmes as nuch as that of a-Si. Accordingly, the TFT can be
conpacted without departing froma tol erarfte of processing accuracy and

al so have a higher nunerical aperture. Besides, it can incorporate a driver
| C therein. 20 The high-tenperature p-Si requires a high tenperature
process at 900€iddcowr €iflor aist @ pesdudt iodn,theo apipdti cart iexpemrgidre quart z

gl ass nust be used for its manufacture. Furthernore, the quartz glass can
be given up tolasgesiingr aofidm giedd tah@ s dheasddticea 25ﬂmnﬁkéﬁ¥hﬂéd as a
| arge-screen LCD (Liquid Crystal Display), thus being limted to a snal

si ze applicati 8n"SEEHIETCRIHVGlEE Bt admed bY. the megSHIeResft + he above
situation, there has heen a desire for the devel gpnents of p-Si that has
al most the sane el eét Mo ity dé‘srﬂedﬂ:lt%ﬂ@rt%{% E3EHARGi© a gl ass
substrat e nmade hereﬁf can al.so be usggﬁas a-g .. 5. and al so tqgt a large
screen can be fadeT er ESPPIFRES ' PRIV EnFePEAT &9 28 anfigaled

| ow-t enperature,.p-Si__can.be manufact ured t he | ow tenperature process by
utilizing an ei&ﬁ&&?“l%&ép gﬁﬁ@fﬁ?ﬁ& ﬁeﬁﬁ%éﬁrﬂggdr eﬁ&%&}“& Slass substrate
10 made of p-Si._al . as,larg t hat - Si sed to

manuf acture a %Ei}%%%a° hgengﬁﬁa ggQ% g?%%%cgk s gg&%%f?%ﬁthd al so

i ncorporate a iever .sol ve:such pr.o i nent to the
TRT-LOD made. of “ai8 'S G0t & or ot o 18 T Moy e apart s

restrictions ogphihghar idef il bb@RinekC fii AU FiebtNG s Walyfaat ur es _
preferable for a nobile LCD as higher brightness, |ower power dissipation,

hi gher defi nit yemectAPigOKedeFueaRiilont Yean HakAh GRlconsMaRfe t hi ckness,
etc. 20 Besides, the higher the | aser power applied on a-Si inits |aser
anneal i ng, thewhakegehgthy $edl] cict efldobyed Heo siindiceas & illhe a8l ectidstilt of
conductivity, thus inproving device characteristics. If the | aser power is
too hi gh so thahet hppdiystdonmay bétaim gr aedoad, detection signal;
and inspecting a film quality of the silicon film based
on the first and second inspection signals
15 corresponding to about the same region on the silicon
film.
A film quality inspecting apparatus according to
claim 16 comprises: a stage on which a substrate having
an annealed silicon film thereon is mounted; a beam
20 source which emits a measuring beam to be applied to
the silicon film on the substrate mounted on the stage;
application devices which selectively apply beams
having wavelengths in different ranges of the beams
emitted from the beam source to the silicon film; an
25 optical sensor which receives the reflection beam

reflected by the silicon film when applied by the

application devices to convert the reflection beam into



' 25 however, the electric conductivity decreases conversely, thus making the
devi ce defective as well known generally. - 13 The present inventor

wor ked out a basic concept of inspecting and managi ng such a crystal state
by observing, using a spectral ellipsoid, a relationship between the
crystal state and the reflectivity along a 5 process for poly-crystallizing
a-Si by laser annealing and analyzing a résult of the observation. FIG 1
is a graph for showing a result of observing the rel ationship between the
crystal state and the reflectivity using a spectral ellipsoid. In 10 the
graph of FIG é&n thecheiczehtiabklaxiaad adifddmegualdayeliesgektdot t he
vertical axis, the reflectivity for each of the crystal states. The crystal
states are cl adsivficedwhatb shavestA, tBe €1llanduBlacyordi nget ¢itlheorr yst al
particul ate diameter. The state A corresponds 15 to a small particul ate

di aneter, the £tdmebBsedr respordslectzivediigmepacuitpytatfaodi 4imst er, the
state C corresponds to a mxture of a large particulate dianeter in a major
proportion andoBRR1EREr 6RBEPLsnal | particulate diameter in a ninor
proportion. The state 20 .D cqQrresponds to a m xture of an extrenely snal

particul ate di anet ePIPALIOREL0PLIEGESr BiNGh 2dV@ Nt agssg @ fpdhe divard iftanet er
in a mnor propottion. That i the state B i,ndi,cates .a ccept abl e

product , mhichgﬁ%itBﬁesﬁgeéoEihnéPchﬁlQ?Sfﬁép§ﬁgpew lFﬁdi8§ﬁ€¥san er 25
limt above which thg Rng ugt i_.S_unacc ptablg@agq t he states D and %

i ndi cate an unabcBpfabl'é gr 8u8§YlPPSt &8 \-Ofa FFféﬂP%&oﬁroﬁféE?éé ©
further, the léa%ﬁedskgtergc%gkgt% t% %h%n%%%%%o% an%h%h%ﬁ.%%t%h%n%tate D
where the extrenely sma Ippartlculage 3|aneter increases |njproport|on. | f

such extr ere| ygé@%.‘ca&%'?st E%“Eﬁ%gﬁgb@f{ﬁﬁﬁhﬁgg‘rjh@’ e pLadugl s not 5

appropriate and soO is”unacce cullaté’i's crystallized in a

gﬂgg'gpﬂ%gr;anﬁﬁtgggéégsgrgﬁaﬂh BQeth%fF%%k&ﬁ%%%t%&i%gé%r%%@ torise to
) ) gth range of 450-500 nm on the other hand, the
particul ate exBbRblifathiysbabhirzabhQBray Welihted out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,

15 illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the
preferred embodiments given below, serve to explain the
principles of the invention.

20 FIG. 1 is a graph for showing a result of
observing, by using a spectral ellipsoid, a
relationship between a crystal state and reflectivity
of a p-Si film according to a first embodiment of the
present invention.

25 FIG. 2 is a configuration diagram for showing a
laser annealing apparatus and a poly-crystal film

inspecting apparatus according to the first embodiment



"10 a$ a decrease in reflectivity dowmm to 0.5 or less. The reflectivity
observed at a wavel ength of 560 nm exhibits 0.55 or less for the nedium
particul ate diameter but 0.55 or nore for the large particul ate di aneter,
thus discrimnating themfromeach other 15 clearly. That is, when a | aser
beamw th a wavel ength of 560 nmis applied not through an optical filter
or an inspection beamis applied through 10 te the surface of a p-S
substrate and if the substrate exhibits a 20 reflectivity of 550 or |ess,
it is decided to be acceptable and, otherw se, unacceptable. In an

i nspection stepf the puekage ahvanpidn.substrate is scanned with the |aser
beam havi ng a wavel ength of 560 nm not through an optical filter or 25 with
t he i nspecti on beamrIlg.oBgh s ta tseheenk oMucelt ipasidtiens difaddien flodf ace of
the p-Si substrate have a defect, thus counting all the defects. This

result is - sbowiied bhek ppd ytlve yanadalfiidg dosgheidtdmgy taprdecatemsse t he

| aser power in the next |aser annealing of the a-Si substrate, thus
stabilizing the crystld. 4t dtsea lorass-secdsi@ndlow ireaf |fant ishdwingf & he
surface of 5 the p-Si substrate indicates that the intensity of the

refl ecti dn beastiseawdigriconn dhéieffddam M%/ﬂ%%m%ﬁﬁﬁgatméaﬁﬁlaﬂﬁﬂﬁna§ﬁ(N
the beam it is possible to the silicon of the p-Si

def ect i ve/ non- @6FOEEILRG tRuUS ﬁﬁ@@@ﬁtﬁﬂ@qghﬂ@ﬂéc°§U$§@qﬁ§ﬁﬁe§ﬁeps intensity
of the reflection inspect the crystal state of substrate in order to decide
states of the ﬁn§F“§&B§trate tive product from going to the The fol |l ow ng

wi Il describe a thi f roceSS|n appar.atus b sed bove ment i oned
principle %Id. @l) cros égjtlona éiew or s oﬁan

state where laser annealing processing is conducted on
10 the a-Si film on the glass substrate.

FIG. 6 is a cross-sectional view for showing a
state where a p-Si film is formed throughout the glass
substrate.

FIG. 7 is an illustration for showing data of a

15 distribution of reflection beam.

FIG. 8 is a configuration diagram for showing the
laser annealing apparatus and the poly-crystal film
inspecting apparatus.

FIG. 9 is a perspective view for showing the poly-

20 crystal film inspecting apparatus.
FIG. 10 is an illustration for showing an expanded
screen of reflection beam sent from the p-Si film.
DETAILED DESCRIPTION OF THE INVENTION
The following will describe in detail the
25 preferred embodiments of the present invention with
reference to the drawings.

Since amorphous silicon (hereinafter referred to



"15 atcording to the present invention. FIG 2 is a configuration diagram
for showng a thin film processing apparatus provided with a | aser
anneal i ng apparatus 20 and a poly-crystal filminspecting apparatus 30. 20
In the thin filmprocessing apparatus, the |aser annealing apparatus 20 and
the poly-crystal filminspecting apparatus 39 are arranged horizontally
with a conveyor robot sandw ched therebet Wen- The conveyor robot 40 has
such a construction that an arm 41 thereof 25 can nove into the | aser
anneal i ng apparatus 20 and the poly-crystal filminspecting apparatus 20 to
convey the p-Sassuabstinatcan eamans,faz turecessi rg Iwjteniperdtudde - 16

| aser anneal i ng apparatus 20 into the poly-crystal filminspecting

appar at us 30. Phedeaservamned ia~tgrpepartatnes A0 ISDProvi dedswi £th aa

encl osed reaction container 1. The reaction 5 container 1 has therein an XY
scanni ng t abl ep®sisdioLepiongseh@nprioeegsingg vsulyg lests ZubsitSiateulid atlego as
nmounted thereon. This XT scanning table 3 is controlled in driving by a
tabl e driving $pPsiémes avilarges pairemnc ot ridl- syt aampeisteolfiiad dylar host
10 conputer 4. In a ceiling_of the reaction container_ 1 is formed a

t r anspar ent ex@#@@ﬁrpés@PQ&%%ﬁy Hhecsdn WAKERRTs. 3ATEVe 7S TI&S R | aser
beam i nj ection mﬁndow Efére .di.sposed an i nage f rnln lens 10, a mirror

11a, a beam 15 Fi‘&ﬁ@gelrr r 9y 1ng \Fd-ﬁeaﬁloe At 1? drﬁcrrre(?rsse b and
11c, and an excinmer .| aser beam oscil |l at i%ﬁ n.this ord Al t hough this
excimer | aser BERRIISEH PRESEYE Sudds IH GO0 3PSt I8 havi ng a

I h of 308,20 I b d di h
AF o Kty TSR0, Thn& BNy RER T bk 1A O 1 ot ol | od

by the host COE@Ae raﬂ.y.l n this configuration, in a state where a gl ass

10 To solve these problems of the a-Si, poly-silicon
(hereinafter referred to as p-Si) is attracting the
attention of the industries. As a p-SiTFT, first a
high-temperature p-SiTFT was developed following a
mono-crystal silicon MOS-FET. The high-temperature

15 p-Si has an electron mobility about 100 times as much
as that of a-Si. Accordingly, the TFT can be compacted
without departing from a tolerance of processing
accuracy and also have a higher numerical aperture.
Besides, it can incorporate a driver IC therein.

20 The high-temperature p-Si requires a high
temperature process at 900C or more for its production,
so that an expensive quartz glass must be used for its
manufacture. Furthermore, the quartz glass can be
given up to a diameter of 8 inches and so cannot be

25 implemented as a large-~screen LCD (Liquid Crystal
Display), thus being limited to a small size

application such as a projection one.



‘substrate (a-Si substrate) on which is formed an a-Si 25 film which is the
processi ng subject, is nmounted on the XY scanning table 3, an exciner | aser
beamis oscillated fromthe exciner |aser beamoscillator 9. - 17 The
exci mer | aser beamthus oscillated passes through the mrrors 11c and 11b
and then enters the |ine beam honogeni zer 12 to be shaped into a line (for
exanpl e, a beamcross section of a stripei1af 200 nrmx 0.5 nm with 5 a top
flat energy level. Thus obtained line beamis applied by the image form ng
|l ens 10 through the mrror 1la onto the glass substrate on which is forned
the a-Si film whichd sitdie dF aGRS Jtr s W teGit ibn ! aHdes alys Seath the XY
scanning table 3, thus 10 crystallizing all the surface of the a-Si film
formed on the gkeadsesfhst rtalke devie lidpmemasaf IppsEr digammeid plimgyowded by
the exciner |laser oscillator 9 is controlled at a fluence suitable for
pol ycryst al | i zatimen ellydtheny arobdilie vatase miafhert enlde dedher ehgr-6S it ,hath dthe
reaction container 1 contains dried air having such a conposition as to
enabl e contr ol kilag sa snibistagere oadeadignestiospherlso Tee yweat essiar@ isubj ect
2 (p-Si substrate) thus forned to provide a predeterm ned particul ate
di amet er 520 i nasdicklgd dd@t @ndedidend cagear aars UE0 niaglec dihared hy et
conveyor robot 40 to the poly-crystal filminspecting apparatus 30.
Specifically, tFeleWmtemperatidec®mPdyor robot 40 noves into the reaction
container 1 through its opening/closing type door provided on its 25 side
wal | and grips the pgi§ lQwrdimies afothft & vn 3k Bey RadBHM G aebIY 3 in the
reaction container .1 and then carries it onto th%:sta e 31 praovided in the
- 18 pol y- cry§?‘§l LeMheMRSFEtUtSy PASSSSS by 362 A§l§’?%\ﬁr? iSXFEMEL 3, the
poly-crystal film.inspecti.ng apparatus 30 conprises in cabi net 43 the
e 31 on whieRehe peal 1 BRrrre - WS B NG 75 s T S s 2,
process§§ in the prewiqus,.st mount_.ed and

4

secti on f or BpFS] &&t ipﬁg'it ﬁlgL% '$ e rlgartgeear%% t%%qy%c{é & heam (%:?8. ecting

] as n roma beamsource shown)

onto the p-Si QP%§%%ESL}Q&§*&F%§§%1 1 q&%u§§¥%orned in the cabinet 32 and

an optical filte di spose ront o e beam projecting section 34

on its optical axis Iﬁg&% L SUgh tggﬁg V4
il 19 omt s S % e 'atgc%%eé(}?fdrﬁ(}?n%hseo beam

predet erm ned wavel ength fr he asuring beam ¢ _
source. Besi de§ncoh@?atle aPi@MivEed 1@ RERMIE ERInY i v G p3®H1®ms

receiving the 15 beamreflected by the p-Si substrate and a goni oneter
inherent to the TFT-LCD made of a-Si as deterioration

15 in numerical aperture, restrictions on higher
definition, etc., thus giving such features preferable
for a mobile LCD as higher brightness, lower power
dissipation, higher definition, improved durability,
lighter weight, smaller thickness, etc.

20 Besides, the higher the laser power applied on
a-Si in its laser annealing, the larger crystal is
formed to increase the electric conductivity, thus
improving device characteristics. If the laser power
is too high so that the crystal may become granular,

25 however, the electric conductivity decreases

conversely, thus making the device defective as well

known generally.



'37 for adjusting an incident angle of the beam As the beam source is

enpl oyed a sem conductor |aser or a halogen |lanp, to apply the beamto the
p-Si substrate at an angle inclined by 10 degrees or so (up 20 to 15
degrees) with respect to the perpendicular. If a sem conductor |aser is
enpl oyed as the beam source, the beam projecting section 34 has a built-in
power detecting system (not shown) for-nohBtofring the |aser power. 25 The
measuri ng beam applied via the optical filter 35, therefore, is reflected
by the surface of the p-Si substrate and then made incident upon the beam

- 19 receiving sectThenpiésebli quelytatr awrdegl euthd bhasd DycHtegegrefes or
so with respect to the perpendicular. The reflecti~ii intensity of the beam
made i nci dent dpepethénbeandr meshging sechi enc3§sits lnsdadeethy based on 5
which a reflectivity is calculated by reflectivity cal cul ati ng neans (not
shown). Thus obbaen¥dngef heééngon ispeengitly edAdpsefidece vielytdgmsédmpar ed by
identifying nmeans (not shown) to_data of a neasurenent of the intensity of
the refl ecti onPBEHREBf thReCpYstalos§ahst prade theharedB e Gtdentivi wilegda ast at e
of the filmquality of an arbitrary p-Si, substrate whi.ch has received the
beam |n°a casBr@REEE, tPEr PexaFpryStalldgdndpéaminidvh 18 Shdv &resgiingf 560
nmor the optical, filter 35 1is useg 15 according to the concl usion

menti oned abov@N{i fR2LEELPEnBe LESY FGPle%@f°bﬁ%§V@§P8@Pated reflectivity

of the p-Si substra is.550 or less, this suhstrate is .decided to be
accept abl e and, ot héﬁ\ﬁ'sé, l&nﬁ‘c@&ﬁ?i’blft T ERHDG G er,esturjrg face of the

p-Si substrate |s 20.thorﬁﬁggg a%caﬁguﬁgtgegag%ga@ggcgrgg%gﬁi%Q%f%f t he

surface have a° gﬁég%ngot ereby ca " Sum the "all defects.

Based on the regyl Eggagrgf?%%%giggxtﬁ%ﬁi iaoréﬁ)e%“c%aflg%&ﬁal?%oi%l.asI 0

decrease the | aser [Faser annealin e a-S

substraig, thuspst ghibhzibportbe §ryehal nehaberdhi B%:d Snduitieate caused

by | aser anneal 1 ng~t hereo The uence of the laser power can be
controlled  -,32Qe1B%geANtREAl khBOv@ riiaR3aMagSison thrc i 1fc thika tyardabl e

attenuator. Alternatively, it can be controlled by controlling the oui. put
power of the |agseh @FCithkatersQallosthershy atjcusiryistell ager «@uiaet .
classified into states A, B, C, and D according to the
crystal particulate diameter. The state A corresponds
15 to a small particulate diameter, the state B
corresponds to a medium particulate diameter, the state
C corresponds to a mixture of a large particulate
diameter in a major proportion and an extremely small
particulate diameter in a minor proportion. The state
20 D corresponds to a mixture of an extremely small
particulate diameter in a major proportion and a large
particulate diameter in a minor proportion. That is,
the state B indicates an acceptable product, which must
be used commercially. The state C indicates an upper
25 limit above which the product is unacceptable and the
states D and A indicate an unacceptable product.

If the crystallization progresses further, the



"5 1t is to be noted that by providing a plurality of sets each consisting
of the above-nentioned beam projecting section 34 and beam recei ving
section 36 so that these sets may perform processing on their respective
regi ons simultaneously, thus increasing the 10 overall processing speed. As
menti oned above, by the present enbodi ment, decision is nade sinply only on
the basis of the intensity of the reflectién beamfromthe p-Si substrate,
so that the neasurenent time can be reduced 15 greatly as conpared to that
by the ellipsoid nethod which anal yzes the pol arization condition, thus
sinplifying thetaeasBr eneptsSyst eRei ksakt. cBasddesenbyocathangicagean
plurality of neasurenent optical systens, it is possible to expand a range
that 20 can bewdetectkd aktaeméing, sinhld paptdeudgtehdibheaeghput .
Furthernore, since the incident angle of the optical system can be adjusted
by the goni onetrcr83sest insppopskblient o §€| eotharxitmemdént smaglle at which
the 25 reflection beamintensity changes remarkably with a change | the
crystal state.pirtihaslabafdiandtey exporsneths phadustabkendst ection is
possi bl e wi t hout - 21 affected by roughness _in the surface when the
i nci dentS angl e2RPECPheaERf pREt Oni&ngnacarptphéri-nedfbyheordsgicudate so
(not nore than 15 degrees) with respect to the perpendicular. 5 Although
the present enbddfh¥ptadetradsiBcdep¥BLEnAE sFaRgdEcBpt aBPe>H8sBMpased on a
t hreshol d val ug, of t reflectivit the threshol d val ue_nm change with

the filmthickhBgsre eFEéV§EYféEeXE§eFH@dpF§ir%ﬁSSFPa e?5héﬁeWQF ‘t he

of the reghonsiToERBnYGEFLRRRLE. FRBOPNAE ENUSHPrBBe B ERE BLSFTsubstrate
order to deci dB Bt cbMBrEARFEhIBEE or PRFT AUABOpAration of PRLLS |
scouratoly 1dentifyREcREREETEREEEEL Ber ot by AR, R8RSt RFOZRERS val ue

fluctuating with ea@HePEeEE%c?iﬁ&t?“gﬁgéébéﬁ- Lt ol 3alR431BRESLRl € to stable

the crystal state 20 given by the Faser annealing processi'ng, thus

improving the yegl dm EkFSo16s10, 550yt hesgeeandrarbRdLrBAL paktiBE1REESENT
i nvention. As nentioned above with the first enbodi nent, by 25 the

| owt enper at ur@igmStegapubeoMBpubachuredrby anhkowatrgepphatue@lptecess by
utilizing exciner |aser annealing processing. It is thus possible to - 22

comerci al |l y pdbaueeen, TEHuk Chi sadémbhapiby vhemgfaomaegehgbaksrsubstrate
havi ng al nost the sane size as that by a-Si. By using p-Si, the TFT can be
smal | slZed andleabldriver |1 C can be incorporated, to solve the problens
such as deterioration in nunerical aperture, restrictions on higher
definition, etc., tHBhatgisinghench feaeur bsaguiwtiabl e wevedemglbhl e£LCD as
hi gher brightness, |ower power dissipation, higher definition,
560 nm is applied not through an optical filter or an
inspection beam is applied through it to the surface of
a p-Si substrate and if the substrate exhibits a
20 reflectivity of 55% or less, it is decided to be
acceptable and, otherwise, unacceptable.
In an inspection step, the surface of a p-Si
substrate is scanned with the laser beam having a
wavelength of 560 nm not through an optical filter or
25 with the inspection beam through it to check which

positions of the surface of the p-Si substrate have a

defect, thus counting all the defects. This result is



"10 inproved durability, lighter weight, smaller thickness, etc. As is clear
fromthe schematic diagrans shown in FIGS. 4-6, to manufacture on a TFT in
which a p-Si filmis forned on a glass substrate 51, it is necessary to 15
formthe p-Si filmon the glass substrate 51 without deform ng the gl ass
substrate 51. To formthe p-Si fil munder such restrictions, as shown in
FIG 4, first an underlying protection-filt 52 made of silicon oxide etc.
is formed by pl asma-enhanced CVD (PECVD) on the 20 surface of the substrate
51 made of clean non-alkali glass etc. Next, an a-Si film53 is fornmed by
PECVD on the sBeflapeckf tbhehdndankyiAggpeenddtionsf itbmde2rebiast thas shown
in FIG 5, laser beamw th a higher 25 energy density obtai ned by
concentrating Laser pewar54dni shappkkedlasta theeal$ngf blfmtha tesdarry out

| aser anneal i ng processing thereon to thereby anneal and - 23

pol y-crystal | i sebsheatesi thibnesabilhadnfotimengryspadi stakm.55. Next, as
shown in FIG 6, by applying a iasCr spot, the a-Si film 53 fornmed

t hr oughout t he surfééetbﬂSSCﬁﬁé:séﬁytﬁ@ﬁé8531N§thD¢-@h@sﬁﬂnfagajoﬂ«ne
here that in |aser annealing of the a-Si film53, the higher the power of
the | ase? beanFEﬁpP6§édsupﬁgrﬁﬁﬁgéﬂdé€§§?§lth§tféhﬁedn$§nﬁﬁﬁwo@é the

el ectron nobilit thus inproving the electrical device 10 characteristics
also. If the Ié%éieﬁééﬁﬁpeﬁém bEcBHKES L6Y-hi gRerRiekeesdYoMmeasHEiNg n

val ue, the partjcul ate dianeter of the crystal decreases suyddenl If the
crystal partic%bﬁt@eigﬁﬁﬁéglgﬁaPF tPRe1BFEESAEH Rbbi EFt%eéi@Fé&§ S

I th det t 5 d f
Generally. FurCRaRrorb, 2Pt PPEThBICal Ry C et oraB & ke L RS Fye?

particul ate dl@ ﬁﬂl?gohaFQeEhe §5g§agubgtr tgeggsggr t%Op %% el ectron

mobi lity that nmatches an elecfrrc circurt rorme fe sur ace of the 20

substrajg S kDAbctsvelfonokurekyshal biaeebhe PRkl cukal supgclat 1ty

have an appropriate particul ate |ane er. hi's ptirpose, 1t 1S Aecessary

to inspect and.Aggagectba:dhan! ge-abcibe packiey! at i 90IRG 28 Lhe surface

of the substrate 51. 25 The present inventor morke out si ¢ concept of

i nspecting ands{iBBagiBgtSYeBpa.crystal state by applying beams with
different specific mavelengtﬁs to - 24 the crystal of the a-Si film 53
as poly-crystallizedhbyfbasewiagnealliingesteidhet acthtife finke pgicke sefi righe
refl ection beamfor each of these wavel engths of the applied beans and then
conbi ne the resppasattihubaSedeondthg tbeverpshal oskdt erhinghbyeaccurately.

nown

15 according to the present invention.

FIG. 2 is a configuration diagram for showing a
thin film processing apparatus provided with a laser
annealing apparatus 20 and a poly-crystal film
inspecting apparatus 30.

20 In the thin film processing apparatus, the laser
annealing apparatus 20 and the poly-crystal film
inspecting apparatus 39 are arranged horizontally with
a conveyor robot sandwiched therebetween. The conveyor
robot 40 has such a construction that an arm 41 thereof

25 can move into the laser annealing apparatus 20 and the
poly-crystal film inspecting apparatus 20 to convey the

p-Si substrate, that is, a processing subject 2 in the



"FIG" 7 show distributions of the data of neasurenents of the intensity
(average intensity) of the reflection beans with specific wavel engths (500
nm 550 nn) applied to sanples prepared in correspondence 10 to the degree
of growing of the particulate dianeter of the a-Si film53 as processed by
| aser annealing. In FIG 7, the vertical axis indicates the reflection beam
intensity and the horizontal axis indi<ates a-sanple nunber correspondi ng
to the degree of progressing of 15 crystallization (change in particulate
di aneter), based on which the distribution is grouped into four regions )
In this case, baseg Qﬁnégﬁlﬂ@OMbﬁQrQ@QE320OintbetQEY§b§PrcE9gt9m ¥1m
corresponds to a particulate 20 di aneter of O. umor [ess, region 2~
corresponds toimspactingl appadienetso.of 0.3-1.0 umor nore, region ~3
corresponds to a particulate dianeter of 1.0 ,umor nore, and region ~1
corresponds to a parheclhate dhaseiéngobpPaiaumsorlll éssprdvidedFw@th7, the
application beamtakes on a wavel ength of 550 nm (540-560 nn) with a green
filter enpl oyesn asmic hosedereagt hoof c600annef490- STBenmpanitibna - 25 bl ue
filter enployed. As is clear fromthe distribution in each of the regions
in FIG ¥, regtont2ines lohes thereinheani 8if beanningehsbly Bhéarregi ons ~1.
3~. and and so can be 5 discrimnated fromthese. Region ~3 indicating
accept abl e- nes8ovhedetes Praseas Hdgt shhaeshnd dpsHii BUbpbrakahgasof the
refl ection beanllnten5|ty as that of regions ~1 and _and so cannot be
di scri mi nat ed m?%%¥?®e§%er@@%rde§h15e53r§FP9an§gFéﬁée $ 4Ad ~3 10 scarcely
coexi st on the sane substrate hat i s_enqugh,if regions ~1 and ~2 or
regi ons ~2, ~3°°RKEClLRG %%ndﬁévapchYnPnE?EéefPBﬁVé&@hSMFE%W |7ia
t herefore, regions ~3 and an be disc |n1ng E rog1eacp her, all of the
four regions d%nS%%t??oﬁ?%EEﬂ ofK&Femy rofledy 8Fstribution in
each rg&ion at _a mavele?gth of 500 nm the reflection beamintensity is
di stributed Iarge?y GFfferent between regions ~3 and , which can therefore

be discrim nat ed fr 338Q19EF§ aEh yggg%%?%ﬂ'%%béalgércﬁ”?'”%nged

i nspection results wave nm-an it I's possible to

identify the C£y§£§$s§£§éﬁ§ éﬁ&ﬁﬁé&eh¥sé§ BUbndk i ded; bAt Q1 hBswWT gur

r egl ons.
Above this excimer laser beam injection window 7 are

disposed an image forming lens 10, a mirror lla, a beam
15 homogenizer 12, a variable attenuator 13, mirrors 1llb
and 1llc, and an excimer laser beam oscillator 9 in this
order.
Although this excimer laser beam oscillator 9 uses
XeCl which oscillates a beam having a wavelength of 308
20 nm as its laser beam medium, any other media such as
ArF or KrF may be used. The excimer laser beam
oscillator 9 is controlled by the host computer 4.
In this configuration, in a state where a glass
substrate (a-Si substrate) on which is formed an a-Si
25 film, which is the processing subject, is mounted on
the XY scanning table 3, an excimer laser beam is

oscillated from the excimer laser beam oscillator 9.



‘The following will describe a nethod for manufacturing an LCD, which is a
thin filmprocessing 25 apparatus of the present invention based on the
above nmentioned principles. FIG 8 is a schematic configuration diagram for
- 26 showi ng an LCD nmanufacturing apparatus provided with a | aser

anneal i ng apparatus and a poly-crystal filminspecting apparatus 29
according to the second enbodi nent. 5 Noté7here that the |aser annealing
apparatus has the same conponents as those described with the

abovenenti oned first enbodi nent, so that they are indicated by the sane

ref erence nunermles exad rdreilra ssep et itdus o I letbdiegassdd thmoytocessi ng
subject (p-Si substrate 6) processed and forned by the | aser annealing
appar atus 10 sdhas rtio drense ld Qreedktldmaret et i et thanketrer beacarri ed
by the conveyor robot 40 to a poly-crystal filminspecting apparatus 29.
Specifical ly, tesmogrenizer1softa e chargbrintgbet Uherolfesr ienanple a
reaction container 1 through its opening/closing type door (not shown

provi ded on it ¥eHAHERRAY s@rd ign pf thestrige ﬁf%s%({(gtl@n 6<nBuft B) onithe XY
scanning table 3 in the reaction container 1 and then carries it onto the

stage 20°31 prévit®®d Gt KO PAW -1&%mst-al Thusn aRisparad ngi ngpheai uss 29. In

the poly-crystal filminspecting apparatus 29, a detection optical system

i s di sposed abGPRUHRE o (TR 2L FPIHIRG & ottt G AHE? s MK rat e
51 25 with the p-Si_ substrate 55 ich is the processing subject, forned

t hereon as showrd r?r%oeustthfo 9318'55 svf\"r/{hs(s:t]ffet[eeccfr? dﬂ”o i’csalg%ﬁ%efirﬁ%}ﬁs such a
configuration tarl%t.l £ 12! i8S hViieSV\BEiqlef rom tehses.lsri1 desﬂ.etchie Q(Y 1_:toabl e 31 are
sequential ly di spose& éﬂ’oné”tche opt CalP G H n%gnl 155 ion optical system

22 and a hal f [Eir{erﬁ%%)é;%éaa?‘d HeS %y %:a}[rls}lejﬂl{ig{(;%%ﬂdé% on gide along the

optical 5 axis 0 mrror a two di nensi onal beam

sensor 34, whi gl ahaha-ielieg) i3l (I ANSIET SR iel ekl ceSinalag then

outputs it to an-inmage processing/crystallinity ci ding section :

Besi des, on thepppRsidie sy dairdiongd.he aptded &ds, ofadd thehal f mrror
are provided a switch-over type wavel ength sel ecti ng mechani sm 26 and a

mul ti-color beamtyi ¢ Af-ddd Bhithe Mid i atl e r BH YL AL DeFM Navd ng a
speci fic wavel ength of the beans emitted fromthe 15 multi-col or beam
source 37 such camtadidleepert laml Rince i suisedid etbbypde- wavel engt h
sel ecting nechani sm 26 and passes via the half mrror 33 through the
magni fi cati on aptyistadl 1siyzsttemmB Dyt dHehersatyalblee appierathtoot 0 t he surface of
the p-Si filmb55. The beam 20 reflected by the surface of the p-Si f.ilmb55
is 15 Note here that the reaction container 1 contains
dried air having such a composition as to enable
controlling a nitrogen or vacuum atmosphere.
The processing subject 2 (p-Si substrate) thus
formed to provide a predetermined particulate diameter
20 in such a laser annealing apparatus 20 is carried by
the conveyor robot 40 to the poly-crystal film
inspecting apparatus 30. Specifically, the arm 41 of
the conveyor robot 40 moves into the reaction container
1 through its opening/closing type door provided on its
25 side wall and grips the p-Si substrate mounted on the

XY scanning table 3 in the reaction container 1 and

then carries it onto the stage 31 provided in the



‘magni fied by the magnification optical system?22 with an arbitrary

magni fication to then be projected onto the surface of the two-di nensional
beam sensor 24 in an inmage. Thus projected inmage of the filmis transferred
25 into an electric signal by the two-di nensional beam sensor 24 and then
output to the nage processing/ crystallinity deciding section 25. - 28
Note here that the p-Si film55 is irradi aBed-throughout its surface with a
beam having a first specific wavelength gradually as the XY table 31 noves,
so that correspondingly the resultant reflection beam5 is projected to the
surface of thepbwy-driystsilofdllmbdampeensoyg 2bpaxratesul30.0of which is input
as an electric signal to the image processing/crystallinity deciding
section 25. Next, tRAs wivelrerigt sl eot ithe mechardymt3ol il switched to
sel ect only a beam having a second specific wavel ength. Subsequently, the
sanme oper at i ondNgPeChdfg WPl refrelsf i30s compadisiisc vavelG@igintetards rtéseat ed t o
project the reflection beamfromthe surface of the p-Si film55 onto the
surface of theStRgedPrerdi ¥hdichi S edmSdemBistzpt e/ heigdulis dthanhi ch i s

t hen i npgt to the i rrage pr WSSi n%/ crystallinjty deciding section 25. The

i mage processi RGPERFSEAT SHPOE e &irdiPTP SESE D 2 5 M5 RIESEENS 1 Satles
obtained by transferring into the . electric signal the reflection beans of
the 20 beans hQ\‘?Pﬁ‘gefj gflLF’i'r O¥Fd 1ac SndPeFe 813 E NS esr?ﬁtecﬁsorh%dl i nes

the results of _the gncocessci rati ons the state of the

crystal based 8A°PH& BEIm |h%?gﬁ%ig@ig¥%ch%érﬁ?rﬁé@?%lepbﬁa§“ EYEHIEE t hat
Lt (1, STt BheRlt Sulotulo 8. IRRGISA S MOl S BasRe e,
i mage, the surfRcRedl ihNenR: Japfined? 22 iahd RHPLHALAS filter 35
10 disposed in front of the beam projecting section 34 on
its optical axis for extracting only such a beam as
having a predetermined wavelength from the measuring
beam emitted from the beam source. Besides, there are
provided a beam receiving section 36 for receiving the
15 beam reflected by the p-Si substrate and a goniometer
37 for adjusting an incident angle of the beam.

As the beam source is employed a semiconductor
laser or a halogen lamp, to apply the beam to the p-Si
substrate at an angle inclined by 10 degrees or so (up

20 to 15 degrees) with respect to the perpendicular. If a
semiconductor laser is employed as the beam source, the
beam projecting section 34 has a built-in power
detecting system (not shown) for monitoring the laser
power.

25 The measuring beam applied via the optical filter
35, therefore, is reflected by the surface of the p-Si

substrate and then made incident upon the beam



- 29" magnified by the magnification optical system22. It is to be noted
that that FIG 10 shows one exanple of the inage obtai ned when a green beam
is applied. In FIG 10, a bright area indicates region ~3 5 when the
wavel ength is 500 nmand a dark area indicates region in FIG 7. Such an
imge as shown in FIG 10 is taken in by the image processing/crystallinity
deci ding section 25 for deciding the crysfl8l state for each of the areas
based on the intensity of the inage 10 in these areas. The following wll
descri be the neasurenent results obtained by the poly-crystal film
i nspecting appaeaklivi29. siAstrimnt i3@nedlahmedy tdte arefdreriid dmdieiamd ensity
15 obtained when a beamwith a specific wavelength is applied to the p-S
fil m 55 changedOwidelyreles magsic wddhofrespeqiartd dilieatpe nbentbitarlasf. t he p- Si
film55. Wen green and bl ue beans are applied, in particular, as
experi ment al | y Teenirieddedt icte igh@naditer iosh itde deamenae rigrsbirdeal yrem ng to
a change in the particulate dianeter. 550 nmin FIG 7 is a graph for
showi ng a rel atiben$EiEP BFECRESH NGhS§dianc A aties deafaiad akpat aref | ecti on
beamintensity when the green beam (wth _a 25 wavel ength of 590-560 nm is
appl i ed, Pas neHtilGhed éﬁ%@@.etﬂﬁ’(}tﬁ’mﬁsn PFlgulntesh RhashifgtiEdid, is a
graph for show ng the simlar relationship when a bl uye bea - 30 (with a
wavel engt h of E@gpﬁgétﬁﬁﬁ.ﬁﬁéqﬁ<én°ﬁ %ﬁ%ﬁﬁkﬁi $HtS1°RE8 1% di cat es t he
sanpl e nunbers, ich.are .discri.m nated fram each other by a particul ate
i aneter T Frat lEp B s St el s SRR &8 g eRL The
particul ate di L d e Il .that |s, .8s ti gned Q | aser
%@%®$1F§%{%55ﬁfgﬁpéﬁ.tSOQFﬁhﬁ 3 é¥nﬂ6§§§%§%eﬁégi

beam ener gy densi e ‘particulate IS reduced.

As shown in Fl i am.j . I eamd-:s
refl ected nost _géft rzgr?\é\?éQteg@s‘ﬁ:g gﬁ; tgl%ogédée;&hl?gﬁgﬁ% e%/ﬂ;fltr%f t héel intensity
of the neflect isppheamd N tiRGiyy haMarsS, e PG &1l anBter is 0.3

~mor less, region ~3 where the particul ate dianeter is large as nmuch as 1

~cmor nore, lgaAndthedfonn Wheyie s Rardil GHRie-Miangt®h irasuddenly
reduced, whereas in region 2~ in which the particulate dianeter is 0.3-1.0
um the refl ectrie@eik@@amthat @rsidt.y decreases. Besides, generally there is a
possibility of coexistence between regions 1~ and ~2 and 20 also a sim|lar
possibility anmong rdgi egnsasy wisreggndar whemgase amnp segimaen With-¥ and
there is a small possibility of this kind. By utilizing this, it is
possi bl e to di veviediemattd iof Pt inoulcet &hdi apetiera beiMdmr rdygiionsised and ~2
or between regions 2~ and 25 regions 03 and . Furthernore, as for regions
~3 and l5when ekeogidiadhéamtihe @omidledics mendweriad AQVey withe
reference to FIG. 1, if thus calculated reflectivity of
the p-Si substrate is 55% or less, this substrate is
decided to be acceptable and, otherwise, unacceptable.
Furthermore, the surface of the p-Si substrate is
20 thoroughly scanned to check which positions of the
surface have a defect to thereby calculate a total sum
of the all defects. Based on the result, the annealing
conditions are fed back so as to decrease the laser
power in the next laser annealing of the a-Si
25 substrate, thus stabilizing the crystal state of the

a-Si substrate caused by laser annealing thereof.

The fluence of the laser power can be controlled



'- 31 reflection beamintensity is higher in region 03 and | ower in region
Therefore, regions 3~ and can be discrimnated fromeach other. By
utilizing a conbination of the relationships 5 between the reflection beam
intensity and the particul ate di aneter when these green and bl ue beans with
specific wavel engths are applied, regions ~I, ~2, 03 and can be separated
fromeach other. This makes it possible t20inspect the state of the
particulate 10 dianeter of the p-Si film55. The inspection results can be
used to adjust the output of a |aser oscillator 10 of a | aser annealing
appar atus 20, bhusoperdbdlihggagoednandsethbhofackagepfanheakiatgaplecessi ng.
15 Al t hough t he above-nenti oned enbodi nents have used the specific
wavel engt h of &YfeBédtam (fALserspetieily, watetengbk) candré4d@eBlbynm (second
specific wavel ength), any other arbitrary conbinations of the specific
wavel engt hs nagobhkrehpingetihasofibpubsprohey aythe sappor pseadhadvhed in
di scrim nation of the data. For exanEIe, the¥ may be expanded to 480-570 nm
as the first spectheeedvafdsngththadl83ers90tartas the second specific
wavel engt h. Further _ although the above-nentioned poly-crystal 25 film
i nspectihg appar at ust295d&PebEsNPkET Kh8isPYy PEPVIRE Ne AmPlerrddtyd oy t he
p-Si film55, it my detect the reflectjvity fromeach of the regions to

then - 32 pPotesSatRecPRELPEARE 94t KheraPPRErREPELIONRYt R€28ppar at us f or
manuf act uri ng the.ch?l,1 the Eartigﬂlat Elate reed not be insgeﬁ ed
everywher e on Yh@Ipest8i PRFFACEN p8P§- POt SPCPLVATE SRSP&CD é ZPpar at us

29 but only ne S tp geeigg ec%gd at . n arbiggag¥.sangling interval. It is
t hus possible T0 sta%| Fz8“the cyyg?a EPaPECFRSPAREr C8n i gﬁfng processi ng,

(nus LB ovinorLbecuLeL LagBRU! ki eoodthLhovill! becagead.erhed men

has been descri rence fity in od using
wavel engi hs 0”&Ve£€éi“€ﬁ6389§§n tBgeRpesent invention is not limted

thereto; for exanp ree ranges or nore of the wavel engths may be
enpl oyed. 15 Theref giepehBechbhMBUak]t pyMRYebp rbRepeCad usag tWwavel engt hs

in three or four ranges. Furthernore, sifnce it is clear that the
reflectivity ofetheibgamswnbhBeassnptif ba1yayal eAgt Basis of the
intensity of the reflection beam from the p-Si
substrate, so that the measurement time can be reduced
15 greatly as compared to that by the ellipsoid method
which analyzes the polarization condition, thus
simplifying the measurement system itself.

Besides, by arranging a plurality of measurement
optical systems, it is possible to expand a range that

20 can be detected at a time, thus improving the
throughput.

Furthermore, since the incident angle of the
optical system can be adjusted by the goniometer 37, it
is possible to select an incident angle at which the

25 reflection beam intensity changes remarkably with a

change I the crystal state. It was confirmed by

experiments that stable detection is possible without



‘changes with a change in crystal state of the silicon 20 film the crystal
state can be decided on the basis of the reflection beam For exanpl e,
according to the enbodi nents of the present invention, by applying a green
beam it is possible to discrimnate between a crystal state with a
particul ate diameter of 0.3 ~cmor 25 less and that wwth 0.3-1.0 ~cm so
that they can be discrimnated from eaeh @tther by using a green beam havi ng
a single wavel ength. Wen a | aser beamis - 33 applied under such
conditions that the particul ate di ameter does not reach 1 ,umclearly
(region ~3 in RlifSected sucltowhraidiod i shsefudfase twuhdmspectiddieddid m
quality using only a beam having a single wavelength. 5 Alternatively, a
met hod may be ased e emdrhengafiechilist raatggl b laas jappl e kay beamwith a
first specific wavelength to acquire data of the resultant reflection beam
intensity and tlfediegmgasy dn s @i yigwe d Hegarhwiddgreestconidspecific
wavel ength to acquire data of 10 the reflection beamintensity throughout
the surface of new@Pesitbdia fthe Perpsndinitlagased on these two data itens the
filmaquality is inspected throughout the surface of the substrate 51.
According to this nmétHdWudhedhmERIeDt aMedNaihdeatdS1 i s t horoughl y
scanned by the Iase&ﬁ&)an1mﬁth the first specific wavel ength to acquire the

data of the refiSEH SR HERG ISP TGP L PiaRaRasebothosi e a

predet ermi ned regi on t hen hy the |aser beamw th the second specific
wavel ength to 26 g@qﬁ?gr}%ereo@tea?tdfvﬁt%f rt9 ﬂﬁqﬁp%égr?ﬁs]rﬂeeﬁ%qﬁy of the
sane plurality of posit.iqns.,in t.he predeterm ned, regqion, so that sed on
each piece of {(hE %St Iwelc%l 2‘%‘ ea{“rt]rL]Hll n helncs rfeysscfat g)rbb ai nseuuréj%cre eoafcﬁébﬁ t he

sarre posi Ui ons e (1D AUAl | .l e S1d G011 I3, 28 dfispect ed o

each position. "It us poSsibl'e to ‘decrease e nu 1 mes” of

sw t ch- qyer by I i cg}ﬁer];' , i t he -
34 i nsggcti on SHA%\@Q%S# ?hqgﬁ%oég,&ge%ﬂgﬂug thi se%;ee%ntg;%#@o#?%tﬁgeepar at es
the applicationgaps int %&Mé’@(ﬁ!i‘%ﬁ? Nhd 8HANSHY dipd fikd e vawel ength
sel ecting nechani'sm 26, 5 it may be nodified so that the wavel ength can be
recei ved sel ec?—\sa_l BudsHr L5602 b h-avhed] endrb w182t G HEe e SR 26

may be di sposed on the upstream side of the beam sensor 34 or a dichroic
prism may be usedtitstozpate-ofi Sthes epadlaicr itvhie v efl extdenn theatecidd & 10 green
and bl ue ones so that they can be inmaged by two beam sensors respectively.
By this nmet hodregecm wWheh ohesametafdliled,n tshedmtlertsidry afarctiee det ect ed
in two wavel ength areas simultaneously, thus reducing the inspection tine.
15 Addi fliSonal adraptaipds anesrddi fdec atdrorssadgtiable. By this method,

it is possible to accurately identify a defective
position even with the threshold wvalue fluctuating with
each of the p-Si substrates.
It is thus possible to stable the crystal state
20 given by the laser annealing processing, thus improving
the yield.
FIGS. 4-10 show the second embodiment of the
present invention.
As mentioned above with the first embodiment, by
25 the low-temperature p-Si can be manufactured by a low
temperature process by utilizing excimer laser

annealing processing. It is thus possible to



'readi'ly occur to those skilled in the art. Therefore, the invention in its
broader aspects is not limted to the specific details and representative
enbodi ments shown and descri bed herein. Accordingly, various 20

nodi fications may be nmade wi thout departing fromthe spirit or scope of the
general invention concept as defined by the appended Cains and their

equi val ent s. - 35 WHAT IS CLAIMED IS: 22 A-filmquality inspecting

met hod conprising: applying a nmeasuring beam having a specific wavel ength
to an annealed silicon filmforned on a 5 substrate in a direction inclined
wi th respect tcozeiedcsidlilgoprdddune ree dBHT-+LQP anadd |ETtp-efl ivdemsidy or
reflectivity of a reflection beamreflected by said silicon filmas a
result of saidlamde edtasen;sular e Aspaiotd Lo St | theyusdne ysiofe sa8 d
silicon filmbased on a neasurenent val ue obtai ned by the neasurenent. 2.
The fil m qual i tihathde@1Sg met hod according to claim 1, wherein the film
quality of said silicon 15 filmis inspected by conparing a neasurenent
result of the refled¥ dind Ristty e refT £ R yS83 1t hel 724 | @e4didn beam

to data stored pbeforehand. 3. The filmqualjty inspecting nmethod according
Lo claimol, vhEralt i did SARKR PFTERAT Shprq Gtf e JoTaPEITs! 15

degrees or less with respect. to a perpendicular of said silicon film 4.
The film qual i tsthnsaﬁeéqu:rﬁ arjfddjprhclcfbrrﬁi“?‘?gmt‘@]claé??ﬁtﬂr%erei n said

measur i ng beam. g ARl sehd Lo Hihridd | SRR &) Nrabld Vg hfs Rpst ti ons
such features suitable for a mobile LCD as higher
brightness, lower power dissipation, higher definition,
10 improved durability, lighter weight, smaller thickness,
etc.
As is clear from the schematic diagrams shown in
FIGS. 4-6, to manufacture on a TFT in which a p-Si film
is formed on a glass substrate 51, it is necessary to
15 form the p-Si film on the glass substrate 51 without
deforming the glass substrate 51. To form the p-Si
film under such restrictions, as shown in FIG. 4, first
an underlying protection film 52 made of silicon oxide
etc. is formed by plasma-enhanced CVD (PECVD) on the
20 surface of the substrate 51 made of clean non-alkali
glass etc.
Next, an a-Si film 53 is formed by PECVD on the
surface of the underlying protection film 52.
Next, as shown in FIG. 5, laser beam with a higher
25 energy density obtained by concentrating laser beam 54
is applied onto the a-Si film 53 to carry out laser

annealing processing thereon to thereby anneal and



‘25 and the reflection beans reflected fromsaid plurality of positions by
said silicon filmare received to neasure the intensity or reflectivity of
each of said - 36 received beans and to set a threshold val ue, thereby
inspecting the filmquality of said silicon filmat each of said plurality
of positions based on said threshold thus set. 5 5. The filmaquality

i nspecting nethod according to claim1l- w2érei-n said specific wavelength is
within a range of 550 to 570 nm 6. The filmaquality inspecting nethod
according to claim1, wherein said nmeasuring beamis applied from10 a beam
proj ecti ng secipiodry-caryd tdid iraf [tdod i0v8 beminn 3 ecdtag bfoain s Ipeon film
is received by a beamreceiving section. 7. The filmaquality inspecting

nmet hod accordi fg.ltmo 5d.ai m 6, wherein the measuring beam applied from 15
sai d beam projecting section enters an optical filter so that a

predet er mi ned wavel éfegtth alorshomy pasBiG hed ety caphlyB1g Theldsdm qual ity

i nspecting nethod according to claim®6, wherein said beam projecting
section and 20 s9Pgitd Bdemaedeifiliy Sedtiamedridirmvdmut dilvposarface chlange
an incident angle and a reflection angle of the neasuring beamw th respect
to said per peng'ih@ulsélrbs'cg?at'ﬁwe'ﬂfi%srnRﬁﬂa}{'iCi%NEiWslp]é&qq'ng met hod according to
claiml1l, wherein a |laser beamagscil]ated froma 25 |aser oscillator. is

applied to the silicdlFsiltsRorhal dBURISaAN " Sheledhyt i3 7ot ¥ mi s

anneal ed. 53, the higher the power of the laser beam employed,

the larger crystal is formed to improve the electron
mobility, thus improving the electrical device

10 characteristics also. If the laser beam power becomes
too high in excess of a certain value, the particulate
diameter of the crystal decreases suddenly. If the
crystal particulate becomes small, the electron
mobility decreases conversely, thus deteriorating the

15 device performance as well known generally.

Furthermore, it is not always preferable that the

crystal particulate diameter be larger, instead it is
necessary to provide electron mobility that matches an
electrical circuit formed on the surface of the

20 substrate 51, that is, to poly-crystallize the
particulate so that it may have an appropriate
particulate diameter. For this purpose, it is
necessary to inspect and manage the diameter of the
particulate formed on the surface of the substrate 51.

25 The present inventor worked out a basic concept of
inspecting and managing such a crystal state by

applying beams with different specific wavelengths to



'10. The filmquality inspecting nmethod according - 37 toclaimyg,
wherein power of said |laser oscillator is controlled on the basis of an

i nspection result of said filmquality. 11. Afilmaquality inspecting

met hod conprising: 5 applying a beamto an annealed silicon filmforned on
a substrate; detecting a reflection beam having a first range wavel ength
reflected by said silicon filmas a resul24 of-said application to obtain a
first detection signal; 10 detecting a reflection beam having a second
range wavel ength reflected by said silicon filmas a result of said
application totldtarypstakecHntheleaegii bhlsi §Babhs podlyrnspettailhgzadf bym
quality of said silicon film 15 based on said first and second inspection
si gnal s correshosell ngnreabbout thedsb@etreheonhnbansaty ofl then film 12.
The filmaquality inspecting nmethod according to claim1l, wherein: 20 said
beam havi ng safeifieekion dpgamunenel eaghhohashase| vavelenatbe @dvehengt hs of
480 to 520 nm said beam having said second range wavel ength has at | east

one of wavel erRpPLied BsEs2BFOLRAR SePBirer§hedeeeeitsn &hyfdal is
obt ai ned_ by 25 detecting a refleciion beam og sai d reflfction beans,
havi ng & wavel SpgtH @t Wi GryYahgye 3Fak8otgls¥orrrraraly-- 38 said

second detection si gpal s phtalned, by deLect Lpo.a T ghlection beam of said

measurements of the intensity (average intensity) of
the reflection beams with specific wavelengths (500 nm,
550 nm) applied to samples prepared in correspondence

10 to the degree of growing of the particulate diameter of
the a-Si film 53 as processed by laser annealing. In
FIG. 7, the vertical axis indicates the reflection beam
intensity and the horizontal axis indicates a sample
number corresponding to the degree of progressing of

15 crystallization (change in particulate diameter), based
on which the distribution is grouped into four regions
(D-@) .

In this case, based on the growing degree of the

crystal, region ® corresponds to a particulate

20 diameter of 0.3 um or less, region ® corresponds to a
particulate diameter of 0.3-1.0 um or more, region ®
corresponds to a particulate diameter of 1.0 um or
more, and region @ corresponds to a particulate
diameter of 0.3 um or less.

25 In FIG. 7, the application beam takes on a
wavelength of 550 nm (540-560 nm) with a green filter

employed and a wavelength of 500 nm (490-510 nm) with a



‘having a wavel ength withi~i a range of 530 to 570 nm 13. The filmaquality
i nspecting nmethod according 5 to claim1ll, wherein: the beans having said
first range and second range wavel engths are scanned and applied to a
predeterm ned region of said silicon film said first and second detection
signals are 10 obtained by receiving the refl ected beam sent fromsaid
predeterm ned region on said silicon fid matSo thereby detect said reflection
beans sent froma plurality of positions in said predeterm ned region; and
said filmquality is inspected on the basis of 15 said first and second
detection si gndlsuieolftiditread eonplragggabndi ng to the sane position of said
plurality of positions. 14. The filmquality inspecting nmethod according to
claim 11, wherein the bieanmsldawifigon hehd idsitrHngei @0 amdeacitont tlage
wavel engt hs are selectively applied to said silicon film 15. The film

qual ity i nspectiesy o Hod Ecori ngdion|@i ms1iowairedsi mefdiedtiionst and
second detection signals are obtained by selectively detecting 25

refl ection beam&ampflinifhpdane-hadt RIND sa@r sFMﬂc@l gnd igo Hzan ke sai d

first range and second range wavel engt hs. -39 _16. Afilmaqualit
ihs;ectiég appépggagﬂgnaté% £rom é%éée? Region @ indicalting'qu 'y

acceptable~-ness, however, has almost the same
distribution range of the reflection beam intensity as
that of regions O and @ and so cannot be discriminated
from these. Besides, generally, regions O and @

10 scarcely coexist on the same substrate, so that it is
enough if regions @ and @ or regions @, @, and @ and
can be discriminated from each other. If, therefore,
regions @ and @ can be discriminated from each other,
all of the four regions can be from each other.

15 Next, in terms of distribution in each region at a
wavelength of 500 nm, the reflection beam intensity is
distributed largely different between regions @ and @,
which can therefore be discriminated from each other
easily. Accordingly, by combining inspection results

20 at wavelength of 550 nm and 500 nm, it is possible to
identify the crystal states accurately as sub-divided
into the four regions.

The following will describe a method for
manufacturing an LCD, which is a thin film processing

25 apparatus of the present invention based on the above-
mentioned principles.

FIG. 8 is a schematic configuration diagram for



‘conprising: a stage on which a substrate r~a~ainc~ ar~ anneal ed silicon
filmthereon is nounted; 5 a beam source which emts a neasuring beamto be
applied to said silicon filmon the substrate nounted on said stage;
application devices which selectively apply beans havi ng wavel engths in

di fferent ranges of the beans 10 emitted from said beam source to said
silicon film an optical sensor which recébves the reflection beam
reflected by said silicon fil mwhen applied by said application devices to
convert said reflection beaminto an electric signal; and 15 a filmaquality
i nspecti on devsbewwhigchni BSPevisuifhe thirlimgqappatmatefs gaiayisidd eorttf id m
based on said electric signal output fromsaid optical sensor. 17. The film
qual ity inspecﬂﬁﬁgraépaﬁagégga@@@ﬁdﬁﬁqst@H@Iﬁ Poly, - amystailn fddimd stage is
movably 20 di sposed in a direction perpendicular to the nmeasuring beam
appl i ed to sai ANSPECESAIf RPRALEEUSTRE RCCHrGUAS 5P ithep&EGMG appar at us
according to claim 16, wherein said beam source is a nulti-col or beam
source. 25 19. ®MREIEMERTtqual ity inspecting apparatus according to claim 16,

mechant st t0 sel oot 1oUF BEEaefe AR g ik PSR T (R nt 45
mechani s o selec - nges, a
mrror to guide,.the_beam sel ected b id vel engt h, sel. ection nechanismto
a predeternm neghgi FELE Sﬁ,mp_gﬁl&ngrsi‘ éx%p%ﬁ\&sg\é\%&&qr e%ygttzl_m% (?!?oevfp—a_nds
the beam gui ded g bunsd ¢y an o aRaly Sl dsamie said §idigandiim

. e filmaquality inspécting apparatus accor di ng clai m 16, erein

sai d opti cal Sggsahel Safte! YaTUhTRRS! AUers8RS U thetr- dieflartlic i
A9 AAFT. Al JA9+ABGAALA A Ah AL A Ah. A A Al A A[.A{& A A A A(.AAAA A9
*11P FGOzupkfa\ W ca] ca] ca] ca] ca] ca]ca]calcalUc a]Jc

%ﬁﬂfﬂwﬂCMCMCﬂm@@@ﬁ@&@&ﬂ&ﬂﬁ%&%ﬁ@ﬁ%&%&&ﬂé%ﬁawCﬂcw:
B processed and formed by the laser annealing apparatus
10 so as to have a predetermined particulate diameter
is carried by the conveyor robot 40 to a poly-crystal
film inspecting apparatus 29. Specifically, the arm 41
15 of the conveyor robot 40 moves into the reaction
container 1 through its opening/closing type door (not
shown) provided on its side wall and grips the p-Si
substrate 6 mounted on the XY scanning table 3 in the
reaction container 1 and then carries it onto the stage
20 31 provided in the poly-crystal film inspecting
apparatus 29.
In the poly-crystal film inspecting apparatus 29,
a detection optical system is disposed above the XY
table 31, on which is mounted the glass substrate 51
25 with the p-Si substrate 55, which is the processing
subject, formed thereon as shown in FIG. 10 also. This

detection optical system has such a configuration that
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an arbitrary magnification to then be projected onto
the surface of the two-dimensional beam sensor 24 in an
image. Thus projected image of the film is transferred
25 into an electric signal by the two-dimensional beam
sensor 24 and then output to the mage processing/

crystallinity deciding section 25.
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O so that correspondingly the resultant reflection beam
5 is projected to the surface of the two-dimensional beam
sensor 24, a result of which is input as an electric
signal to the image processing/crystallinity deciding
section 25.
Next, the wavelength selecting mechanism 36 is
10 switched to select only a beam having a second specific
wavelength. Subsequently, the same operations as those
with the first specific wavelength are repeated to
project the reflection beam from the surface of the
p-Si film 55 onto the surface of the two-dimensional
15 beam sensor 24, the result of which is then input to
the image processing/crystallinity deciding section 25.
The image processing/crystallinity deciding
section 25 processes the data obtained by transferring
into the electric signal the reflection beams of the
20 beams having the first and second specific wavelengths
and combines the results of the processing, thus
deciding by operations the state of the crystal based
on the beam intensity of the image.
It is to be noted that that the crystal state must
25 be inspected as magnified because the crystal is very

small. Therefore, as shown in FIG. 10 illustrating the

image, the surface of the p-Si film 55 is inspected as
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example of the image obtained when a green beam is
applied. 1In FIG. 10, a bright area indicates region ®
5 when the wavelength is 500 nm and a dark area indicates
region @ in FIG. 7. Such an image as shown in FIG. 10
is taken in by the image processing/crystallinity
deciding section 25 for deciding the crystal state for
each of the areas based on the intensity of the image
10 in these areas.
The following will describe the measurement
results obtained by the poly-crystal film inspecting
apparatus 29,
As mentioned above, the reflection beam intensity
15 obtained when a beam with a specific wavelength is
applied to the p-Si film 55 changes with the magnitude
of the particulate diameter of the p-Si film 55. When
green and blue beams are applied, in particular, as
experimentally confirmed, the characteristics change
20 remarkably owing to a change in the particulate
diameter.
550 nm in FIG. 7 is a graph for showing a
relationship between the particulate diameter and the
reflection beam intensity when the green beam (with a
25 wavelength of 540-560 nm) is applied, as mentioned

above. 500 nm in FIG. 7, on the other hand, is a graph

for showing the similar relationship when a blue beam
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5 38-39 indicate a region where the particulate diameter
is very small, that is, as mentioned above, the laser
beam energy density is too high and so the particulate
diameter is reduced.
As shown in FIG. 7, when the green beam is
10 applied, the beam is reflected most strongly to thereby
provide a highest level of the intensity of the
reflection beam in region (O where the particulate
diameter is 0.3 um or less, region @ where the
particulate diameter is large as much as 1 um or more,
15 and region @ where the particulate diameter is
suddenly reduced, whereas in region @ in which the
particulate diameter is 0.3-1.0 um, the reflection beam
intensity decreases. Besides, generally there is a
possibility of coexistence between regions @ and @ and
20 also a similar possibility among regions @, @, and @,
whereas among regions C), C), and @ there is a small
possibility of this kind. By utilizing this, it is
possible to discriminate in particulate diameter
between regions O and @ or between regions @ and
25 regions @ and @.

Furthermore, as for regions @ and @, when the

blue beam is applied, as shown in FIG. 7, the
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lower in region @. Therefore, regions @ and @ can be
discriminated from each other.

By utilizing a combination of the relationships

5 between the reflection beam intensity and the
particulate diameter when these green and blue beams
with specific wavelengths are applied, regions @, @),
® and @ can be separated from each other. This makes
it possible to inspect the state of the particulate

10 diameter of the p-Si film 55.

The inspection results can be used to adjust the
output of a laser oscillator 10 of a laser annealing
apparatus 20, thus performing good and uniform laser
annealing processing.

15 Although the above-mentioned embodiments have used
the specific wavelength of 540-560 nm (first specific
wavelength) and 490-510 nm (second specific
wavelength), any other arbitrary combinations of the
specific wavelengths may be employed as far as they may

20 support each other in discrimination of the data. For
example, they may be expanded to 480-570 nm as the
first specific wavelength and 530-570 nm as the second
specific wavelength.

Further, although the above-mentioned poly-crystal

25 film inspecting apparatus 29 detects the intensity of
the beam reflected by the p-Si film 55, it may detect

the reflectivity from each of the regions to then
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10% & ()-, m Furthermore, in the apparatus for manufacturing
the LCDs, the particulate state need not be inspected
everywhere on the p-Si film in the poly-crystal film
5 inspecting apparatus 29 but only needs to be inspected
at an arbitrary sampling interval.
It is thus possible to stabilize the crystal state
in laser annealing processing, thus improving the yield
in manufacture.
10 Although the second embodiment has been described
with reference to a film quality inspecting method
using wavelengths only in two ranges, the present
invention is not limited thereto; for example, three
ranges or more of the wavelengths may be employed.
15 Therefore, the film quality may be inspected using
wavelengths in three or four ranges.
Furthermore, since it is clear that the
reflectivity of the beam with a specific wavelength
changes with a change in crystal state of the silicon
20 film, the crystal state can be decided on the basis of
the reflection beam. For example, according to the
embodiments of the present invention, by applying a
green beam, it is possible to discriminate between a
crystal state with a particulate diameter of 0.3 pum or
25 less and that with 0.3-1.0 um, so that they can be

discriminated from each other by using a green beam

having a single wavelength. When a laser beam is
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diameter does not reach 1 um clearly (region @ in
FIG. 7), suclh a method is useful as to inspect the film
quality using only a beam having a single wavelength.

5 Alternatively, a method may be used for moving the
substrate 51 as applying a beam with a first specific
wavelength to acquire data of the resultant reflection
beam intensity and then moving it as applying a beam
with a second specific wavelength to acquire data of

10 the reflection beam intensity throughout the surface of
the substrate 51, so that based on these two data items
the film quality is inspected throughout the surface of
the substrate 51.

According to this method, the surface of the

15 substrate 51 is thoroughly scanned by the laser beam
with the first specific wavelength to acquire the data
of the reflection beam intensity of a plurality of
positions in a predetermined region and then by the
laser beam with the second specific wavelength to

20 acquire the data of the reflection beam intensity of
the same plurality of positions in the predetermined
region, so that based on each piece of the reflection
beam intensity data obtained for each of the same
positions, the film quality of the silicon film is

25 inspected of each position. It is thus possible to
decrease the number of times of switch-over by the

wavelength selecting mechanism 26, thus reducing the
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regions by using the wavelength selecting mechanism 26,
5 it may be modified so that the wavelength can be
received selectively. For example, the wavelength
selecting mechanism 26 may be disposed on the upstream
side of the beam sensor 34 or a dichroic prism may be
used to space-wise separate the reflection beams into
10 green and blue ones so that they can be imaged by two
beam sensors respectively. By this method, each time
they are applied, the intensity can be detected in two
wavelength areas simultaneously, thus reducing the
inspection time.
15 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
20 modifications may be made without departing from the

spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.
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1. A film quality inspecting method comprising:

applying a measuring beam having a specific
wavelength to an annealed silicon film formed on a

5 substrate in a direction inclined with respect to said
silicon film;

measuring a reflection intensity or reflectivity
of a reflection beam reflected by said silicon film as
a result of said application; and

10 inspecting a film quality of said silicon film
based on a measurement value obtained by the
measurement.

2. The film quality inspecting method according
to claim 1, wherein the film quality of said silicon

15 film is inspected by comparing a measurement result of
the reflection intensity or reflectivity of the
reflection beam to data stored beforehand.

3. The film quality inspecting method according
to claim 1, wherein said measuring beam is applied at

20 an angle of 15 degrees or less with respect to a
perpendicular of said silicon film.

4. The film quality inspecting method according
to claim 1, wherein said measuring beam is applied to
said silicon film at a plurality of positions thereon,

25 and the reflection beams reflected from said plurality

of positions by said silicon film are received to

measure the intensity or reflectivity of each of said
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each of said plurality of positions based on said
threshold thus set.
5 5. The film quality inspecting method according
to claim 1, wherein said specific wavelength is within
a range of 550 to 570 nm.
6. The film quality inspecting method according
to claim 1, wherein said measuring beam is applied from
10 a beam projecting section, and the reflection beam
reflected by said silicon film is received by a beam
receiving section.
7. The film quality inspecting method according
to claim 6, wherein the measuring beam applied from
15 said beam projecting section enters an optical filter
so that a predetermined wavelength alone may pass
therethrough.
8. The film quality inspecting method according
to claim 6, wherein said beam projecting section and
20 said beam receiving section are movably disposed to
change an incident angle and a reflection angle of the
measuring beam with respect to said perpendicular.
9. The film quality inspecting method according
to claim 1, wherein a laser beam oscillated from a
25 laser oscillator is applied to the silicon film on said

substrate, whereby the silicon film is annealed.

10. The film quality inspecting method according
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5 applying a beam to an annealed silicon film formed
on a substrate;
detecting a reflection beam having a first range
wavelength reflected by said silicon film as a result
of said application to obtain a first detection signal;
10 detecting a reflection beam having a second range
wavelength reflected by said silicon film as a result
of said application to obtain a second detection
signal; and
inspecting a film quality of said silicon film
15 based on said first and second inspection signals
corresponding to about the same region on said silicon
film.
12. The film quality inspecting method according
to claim 11, wherein:
20 said beam having said first range wavelength has
at least one of wavelengths of 480 to 520 nm;
said beam having said second range wavelength has
at least one of wavelengths of 530 to 570 nm;
said first detection signal is obtained by
25 detecting a reflection beam, of said reflection beams,
having a wavelength within a range of 480 to 520 nm;

and
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5 to claim 11, wherein:
the beams having said first range and second range
wavelengths are scanned and applied to a predetermined
region of said silicon film;
said first and second detection signals are
10 obtained by receiving the reflected beam sent from said
predetermined region on said silicon film to thereby
detect said reflection beams sent from a plurality of
positions in said predetermined region; and
said film quality is inspected on the basis of
15 said first and second detection signals obtained
corresponding to the same position of said plurality of
positions.

14. The film quality inspecting method according
to claim 11, wherein the beams having the first range

20 and second range wavelengths are selectively applied to
said silicon film.

15. The film quality inspecting method according
to claim 11, wherein said first and second detection
signals are obtained by selectively detecting

25 reflection beams, of the beams reflected by said
silicon film, having said first range and second range

wavelengths.
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salid application devices to convert said reflection
beam into an electric signal; and
15 a film quality inspection device which inspects
the film quality of said silicon film based on said
electric signal output from said optical sensor.
17. The film quality inspecting apparatus
according to claim 16, wherein said stage is movably
20 disposed in a direction perpendicular to the measuring
beam applied to said silicon film.
18. The film quality inspecting apparatus
according to claim 16, wherein said beam source is a
multi-color beam source.
25 19. The £film quality inspecting apparatus

according to claim 16, wherein each of said application

devices has a wavelength selection mechanism to select
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to gulide the beam selected by said wavelength selection
mechanism to a predetermined direction, and an

expansion optical system which expands the beam guided

5 by said mirror to apply said beam to said silicon film.
20. The film quality inspecting apparatus

according to claim 16, wherein said optical sensor is a

two-dimensional sensor.



