).

2.9 NOV 2005 - 1 TI TLE OF THE | NVENTI ON FI LM QUALITY | NSPE%_%I%OQIF,“
AND FI LM QUALI TY | NSPECTI NG APPARATUS BACKGROUND OF THE | NVENTY
present; invention relates to a nethod and apparatus for inspecting a film
quality of a poly- silicon filmformed on a substrate of, for exanple an
LCD (Liquid Crystal Display). In the manufacturing of aﬁmm beam
is 10 often applied to an anorphous S|I|cqp film (herei ” &W@ﬂ%ed to
as a-Si) filmformed on a substrate of the LCD to thereby L

into a poly-silicon (hereinafter referred to as p-Si) film ﬁ Us formng a

sem conductor filmhaving a hi g{JIf}ﬁﬁcéggﬁHg})%@wlPﬁn 15 this case, an
|

excinmer |aser beamis applied to e use of an ELA

(Excl mer Laser pAnfieBbAr1 ot BRSprfacRtilBonbd Ankf G8sS dislitgyl Nts ELA

met hod, the mis ne crys I zed inst anéeously to 20

give | ess t her ﬁﬁgpg@wg@sAipgAkﬂ@Ugubstrate thus making it possible to form
a p-Si filmby a low tenperature process at. about 450C or less. This gives

an advantage of being able md@g@mﬁﬁﬂﬁlﬁwmm an inexpensive
gl ass substrate with a | arge area.

5 The present invention relates to a method and

apparatus for inspecting a film quality of a poly-
silicon film formed on a substrate of, for example, an
LCD (Liquid Crystal Display).
In the manufacturing of an LCD, a laser beam is
10 often applied to an amorphous silicon film (hereinafter
referred to as.a—Si) film formed on a substrate of the
LCD to thereby transform it into a poly-silicon
(hereinafter referred to as p-Si) film, thus forming a
semiconductor film having a high electron mobility. In
15 this case, an excimer laser beam is applied to the a-Si
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 therﬁal 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/SV), which gives a value/unit field of
" an average moving speed (drift speed: vd (cm/s)) of the

T
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25 The electron nobility is here indicated as = ~vd/El (ch/SYb,Nmmggﬂ
gives a value/unit field of an average noving speed (drift speed: v
(cm's)) of the 2 9 NOV 2005 - 2 electrons in crystal when an electric
field é (Mcm is applied to the crystal. By using such a p-Si film a TFT
(Thin Film Transistor) with a high electron nmobility can be formed 5 on a
gl ass substrate by a |l ow tenperature process. By using a p-Si filmand a
TFT, the problem can be solved to theFébf obtain a thin and

hi gh-definition LCD of a so-called driver nonolithic type in which a
driver- section TFT and a picture-el ement section TFT are 10 fornmed on a

gl ass subst r at 8LSAREAREN1E- SEYFERH MEePr 8Rs PIERET Lionthd & D -ESi (Widmm itshr ough
anneal i ng by use of &h I% er beam _however, it is necessary to nonitor
whether it is ?BPﬂéa iﬁ?o Eﬁ CE¥SF6priate crystal state (particul ate

dianeter: 0.2- 151 m. Qr re). lLn roni.toring t crystal state, to
3 agglgﬁeg%C% A gtsﬁe ﬁ&gVoﬁyqﬁg‘ iﬁ%ﬁht

check the crystal s secure t he entire

owever cannot TEabar by he 1obHIR RRaEPPIER o HoBISaRT; Bl Bk AR

however cannot possi to a ion In

oL LIS oEAPOS 8, BIBLbnty ahd to hta |
using a p-Si 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 tﬁe 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



Appl n. KOKAI Publication No. 8-51078, which utilizes correlatiomh q&Ne?ﬁ%a
crystallization ratio and a 25 refractive index of a filmto deteri ne
refractiive index using a sem conductor laser ellipsoid with a wavel ength
of 1294 nm thus deciding whether a relevant 2 9 NOV 2005 - 3 product is
to be accepted or rejected. Furthernore, for exanple, Jpn. Pat. Appln.

KOKAI  Publication No. 3-97219 di scl oses q}echnology for, while applying
an inspecting beam optinizing the 5 crystal state of the substrate to be
processed, on t he baS|s of a resultantly detected beamintensity.

Furt her nor e, KOKAI Publicatiaon No. 6-244276 discloses a

t echnol ogy for rﬁﬂ&ﬁ aétgetPﬁgF€§§PG§F|ﬁ§ &eIRsHgE i n phase such as a 10

beam ""Lp‘;{yi”‘ﬁ‘g’rﬁﬂ"zﬁﬁg eaal%rsge?f%?e%%%%‘ﬁvé? | Gy B + AR ST or
filmto receive,gqy gwlokagh r%f %%t19°'&1l%%§@s%%e rt%l I%\ Ca)cféé'ha% ra spectral

reflectivity di Stri utlon nay bé conpare ored in a

dat abase, thUSwﬁ!@EUbeﬂngBeancr%%b% Eﬁ%ﬁtpub %&fﬂl%hﬁ% ] conduct or

film Furthernore, Jph i on No 44255
di scl oses a te@bpgtagystarceU@lfngh@ S%E)%(’Etrra%'e l%ofldel e rfcdied efdeation beam

of a silicon 20 filmto thereby calculate its poly- crystalllnlty rati o and
anor phous- nessbhalikOof a resultantly detected beam intensity.
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 anﬁealing 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 Pﬁblication
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.



Furthernore, Jpn. Pat. Appln. KOKAI Publication No. 11-274093 gzﬁcdogs?% a
technol ogy for applying a processing | aser beam and a neasurin as %an1
25 S|nqltaneously to a silicon filmto nonitor their reflectivity, thus
determ’'ning the |ayer state of the silicon film 2 9 NOV 2005 4
Furthernore, Jpn. Pat. Appln. KOKAl Publication No. 2000-133614 discloses
~a technol ogy for applying the |aser beamjn pulse to a silicon |ayer to
determne a state of the silicon |ayer based on a tine-wi se 5 attenuating
waveform Furthernore, Jpn. Pat. Appln. KOKAI Publication No. 11-121378

di scl oses a technol nmeasurjng a _.reflect VI of a | ass substrate

on its back side on%%%ﬁ %ﬁ@?%ﬁlléﬁh IPafer AR %ﬁqﬁ%ﬂpa.state

HRNICETE R AR S A
f h o] d ly 15

based on the - FeeE; PEURy i‘bhﬁmtﬁ% o8k g e e o HETHE A

cannot be heat E‘éa%léffakc'tﬁ@t% 11c89 ik rab%%rtd[torﬁﬁre% ghere the a-Si film

is not nelted can be known or sur e ereo mhere the a-S

filmis geltedagggnﬁbggngrwgggkogﬁyt|culate 20 (particul ate di aneter:
0.01-0.02 gm approxi mat el'y)

Furthermore, Jpn. Pat. Appln. KOKAI Publication
No. 11-121378 discloses a technology for measuring a
reflectivity of a glass substrate on its back side on '
which a silicon layer is formed, to determine a state
10 of the silicon layer based on the measurement of the
reflectivity.
By the technology disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 8-51067 for optimizing the
crystal state of the substrate to be processed Only
15 based on the intensity of the inspecting beam,
however, the substrate cannot be heated sufficiently,
so 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-c8i) 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 (cm2/8 * V) supposed to be appropriate in formation



transforned into a granular state owing to excessive heating, tp@qmgsﬂwﬁ
part where mcro-crystal silicon (-cSi) is formed cannot be detected. i's
part where the granular-state fine crystal 25 particulate is forned has an
extrenely | ow average electron nobility, not higher than a value of 100
(cnmR/ SV) supposed to be appropriate in formation 2 9 NOV 2005 5 of a
driver section TFT. By this nethod, therefore, it 1is inpossible to know
whether a p-Si filmis fornmed wuniform y-"thu-s-possibly deteriorating the
yield of manufacturing the TFT. 5 Furthernore, by the technol ogy discl osed

in Jpn. Pat. é@pgndr%ﬁgégl Ss:g,l[églii%ﬁla&jﬁn N%‘y %h%7s2%‘ngeltfh%rd,aq:q"lu—:}gen@o%egq le_tSI bl e

reference | aser beam ere ‘the “exciier laser beamis g

appl [ed 10 evahuaippBssabyst 2l iadl) Gd:arel 0 tse Siihe fasad.plia change

in 10 intensity o he resultant transm ssion reflection eam there is

a probl em that yht Fb$mh FPOSehRl-80l@ 1 HARE Rt JNIHRIHPEHYS vield of -
re-crystallization after actua poly-crystallization. Furthernore, by this

met hod, the exghABFak@s@hingl®nbeamr.s applied in pulse by a few shots, so
that when the visible reference |aser beamis applied, its transm ssion

or reflestion beam gham@gesmore, NBNIHeY tedHMS FWidiGdlSed oi@ psbl em of
difficulty to decide <crystallinity. Besides, there is a problem of

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.



20 conplexity of an apparatus for electrically processing and detecting
the tinme-wi se changing intensity of the transm ssion or reflect?29move20
Furthernmore, by the technol ogy disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 8-51078 for 25 neasurenent by use of a sem conductor |aser
ellipsoid, it is necessary to know an accurate filmthickness beforehand
for calculating the refractive index. 2.9 / 2005 - 6 Besi des,

cal cul ation thereof takes much time, thus ~“deteriorating the throughput.
Mor eover, an optical systen1for t he neasurenent apparatus becones | arge

d | h h di | d J Pat .
PRI T ok SN IA P DL R, gl o R A I o SR
Il tor fil A f| t
Coeetrally i %ﬁ&%?%%g?%“% Phoel PGS ¥ iordytly F%lc' il

distribution tgythendata shar ?n@aisﬁhz%m D AT BRUIUL hrg &S sary

crystallization state 0 sem conduct o 0
to measure thecgpegthakgreflectivity of the senlconductor filmfor each
wavef orm and al so create the data of its 15 consecutive profiles, thus

suf fering from conplretatrthory,0R6 Y. teEHrfoer Iﬁ@ﬂ%@d tlrxyqn% so with
the technol ogy disclosed in Jpn Pat . Appl n. Publ i cati on .
6- 244255. Pat. Appln. KOKAI Publication No. 6—224276, the
annealing laser beam is applied vertically to a
semiconductor film to receive its reflection beam
spectrally in order to then compare its spectral
10 reflectivity distribution to the data stored in a
database and evaluate a crystallization state of the
semiconductor film, so that it is necessary to measure
the spectral reflectivity of the semiconductor film for
each waveform and also create the data of its
15 consecutive profiles, thus suffering from complex data
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



Furthernore, by the technol ogy disclosed in Jpn. 20 Pat. Appln. KOKAI
Publication No. 11-274093, the processing |aser beam and the néh%aWNnaﬂ5
beam are applied sinultaneously to a silicon filmto nonitor the
reflectivity thereof in order to detect a layer state of the silicon film
so that the reflectivity of the 25 processifig laser beam and that of the
nmeasuring | aser beam are added to each other to give rise to nutual
interference of the beam thus disqualifying the nethod 2 9 NOV 2005 7 for
use in accur at e firteaswreenentacFurd hermeseurdyetbe technol ogy disclosed in

| aser

Jpn.

Pa- t

. Appl n. KOKAlI Publication -No. '2000-133614, the |aser beamis

applied in pulse to &witheonoreyepytohé tletenologyadssaflesefl tthedphl.i con

| ayer based on the shape of the tine-wi se attenuating waveform thus
conpl i cating t hé3d-odedsithg EIKAfat Rukliker aioneNef 02090da8a61tur ther nore, by
the technol ogy disclosed in Jpn. _ 10 Pat. pl n. KOKAI Publication No. :
11-121378,

on whi
based

on

refl LGRS ke d Uizt et 2o i 5o npasit baonnlayer back side

ch S silicon layer is forned, to determne a state of the silicon
h _

e mEETG 2 tHhACSrekd righe 153 Mo brder obasedcenyths

det er m !’]e the S%illfg]ap%e O%t actkfehngingeh—ewfslel Igggeél?!g{nglxgggé%orrln? 'E:lll'lggv 'Of the

above,

It

10

15

20

25

is an~0 ct”of

complicating the processing of data such as waveform
data.-

Furthermore, by the technologf disclosed in Jpn.
Pat. Appln. KOKATI Publication No. 11-121378, |
reflectivity of a glass substrate is measured on its
back side on which a silicon layerlis formed, to
determine a state of the silicon based on the
measurement, thus making it impossible to directly

. determine the surface state of the silicoﬁ layer
itself.

In view of the above, it is an object of the
present invention to providé.a film quality inspecting
method and apparatus which can inspect a crystal state
of a silicon substrate speedily and simply.

BRIEF SUMMARY OF THE INVENTION
According to 'a first aspect of thé-invention,

there is provided a film quality inspecting method
comprising: applying a measuring beam having a
specific wavelength to an annealed silicon film formed
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



present invention to provide a filmaquality inspecting nethod an? NOV 2005
appar atus which can inspect a crystal state 20 of a silicon subst 'zgte
speedily and sinply. BRI EF SUMMARY OF THE | NVENTI ON According to a first
aspect of the invention, there is provided a filmquality inspecting nethod
conprising: applying a neasuring beam having a 25 specific wavel ength to an
anneal ed silicon filmfornmed on a substg.ate in a direction inclined with

respect to the silicon film measuri a reflection intensity .or
reflectivity ofidicéf efc‘t]i“br?soeaarﬁer%‘f]tr%c‘?%d&b?/ ??1%&2(:@91\@/’ 26%% -8- silicon

filmas a result of the application; and inspecting a filmaquality of the
silicon film bdsepesiing medsiierdilVay wef obtai %gl%?nt ﬁél\%reQEEPérrBHt,
wherein said neasuring beamis applied at an angle of 5 15 degrees or |ess
with respect t@ agpenpenditcularled okkadned|PEoRrei PARSAEEBRBINg to a
second aspect, there is provided a filmquality inspecting nethod
conprising: applatdig asdehmdasaniagnneadredi si épeohefi b for aedlenof0 a
substrate; detecting a reflection beamhaving a first range wavel ength

reflected by the siddwons fdd meas witesubépottt be appkipahtidnuflarobtfain a
first detection signal; detecting a reflection beam having a second range

wavel engt h ref 'seacitdfdsﬂ/ié&? si{hcon film1l5 as a result of the application
to obtain a secon

According to a second aspect, there is
provided a film quality inspecting method comprising:
applying a beam to an annealed silicon film formed on

10 a substrate; detecting a reflection beam having a
first range wavelength reflected by the silicon film
as a result of the application to obtain a first
detection signal; detecting a reflection beam having a
second range wavelength reflected by the silicon film

15 as a result of the application to obtain a second
detection signal; and inspecting a film quality of the
silicon film based on the first and second inspection
signals corresponding to about the same region on the
silicon film.

20 According to a third aspect, there is
provided a film gquality inspecting apparatus
comprising: a stage on which a substrate having an
annealed silicon film thereon is mounted; a beam
source which emits a measuring beam to be applied to

25 the silicon film on the substrate mounted on the



detection signal; and inspecting a filmaquality of the silicon film based
on the first and second inspection signals corresponding to aboytg ih¢ e
region on the silicon film 20 According to a third aspect, there is
provided a filmquality inspecting apparatus conprising: a stage on which
a substrate having an annealed silicon filmthereon is nounted; a beam
source which emts a neasuring beamto he_applied to 25 the silicon filmon
the substrate nmounted on the 2.9 NOV 2005 - 8a stage; application devices
whi ch sel ecti vel Y2&Hpl §PBeardthadi A§Vhadel Bhdfhs SereqitivelentiPdiges of the
beans emtted fromthe beam source to the silicon film an optical sensor
whi ch recei ves hérng eid eendoraBebendathef Lactéd by enlie renldesom f idhm when
applied by the application devices to convert the reflection beam into
2.9 NOV 2005 9 lsmret eehiftedi gnal; thadbaahi kpugual itby thespedtiicom devi ce
whi ch inspects the filmquality of the silicon filmbased on the electric
signal output fromhfhen eptical senser. whilddirtienak sokjhect-s rard mdyant ages
of the invention wll be set forth in the description which follows, and

in part Il be,obyipus)EreantBe dRECEEPLEBR: fOimMA¥el€ applied by the
application devices to convert the reflection beam

into



| earned by practice of the invention. The objects and advantages g
invention nmay be realized and 10 obtai ned by neans of the |nstru ta |t|es

and conbinations particularly pointed out hereinafter.

BRI EF DESCRI PTI ON

OF THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng draw ngs, which are
incorporated in and constitute a part of the specification, 15 illustrate
presently preferred enbodi nents of the |3yent|on and together with the

e

general description given above and t he
preferred enbodi nents given below, serve to explaln t he

tail ed description of the

prlnC|pIes of t he

t 20 FLG h.f h t f ,
LQYﬁS gogpectraP eﬁFF%%&?dgrggagéﬁépfo%sﬁng é& %6Vv§?%T&%{2?e and
reflectivity glvacR ghibhl T,3pe0rd 19l ¢ 3 f'o@l%tl&%gigram U g Lhe,

pr esent i nvention. S a COﬂ gura

OW ng a

| aser anneal i ng; aAPBLALHS ANHrR t@.qle&% %S%qlg 2! faut'ﬂﬂ&p%;] gpAppar at us

according to the first enbodi nen 05 1 10

e present

i nvention. FIGnglbglasgggggatlc configuration diagramfor show ng the

pol y=cryst al

m inspecting apparatus. FIG 4 is a cross-sectional view

for showsng a 5 stahedwheb@adn cd-jSictld laid sdwined;an & dassi srbst1ate

will be set forth in the description which follows, and

in part will be obvious from the description, or may be

learned by practice of the invention. The objects and

advantages of the invention may be realized and

10 obtained by means of the instrumentalities and

combinations particularly pointed 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




according to a second enbodi nent of the present invention. FIG 5 is a
cross-sectional view for showng a state where |aser annealing pr9onNgyspig
is conducted on 10 the a-Si filmon the glass substrate. FIG 6 is a
<ross-sectional view for showng a state where a p-Si filmis forned

t hroughout the glass substrate. FIG 7 is an illustration for show ng data
of a 15 distribution of reflection beam .FIG 8 is a configuration di agram
for showi ng the |aser annealing apparatu% and the poly-crystal film

i nspecting apparatus. FIG 9 is a perspective view for show ng the poly- 20
crystal filmingp tin% a ratus. . FIG 10 is an illustration for show ng
an expanded s8?e§ﬁe P Fégggcﬁpgﬁnﬁégﬁrsent fromthe p-Si film DETAILED
DESCRI PTI ON OF THE ENLI ON The fol | owi ng wil.l describe.in detail_ the 25
preferred enbodi nen Egd:‘\rgt h& Sr esggrlefna%nlvce%ﬁnoénl%rt sclornef%lr""e(-]hrcaemt%c”fhe

drawi ngs. Sinc h LhL,con Kei . Jeferr 2005 as
a-Si) can be ngﬁgggggu?gg %?lg %2%%?§%p§pg%E?gSF%¥§€é§g éﬁﬁggﬂ%
tenperature of 3509@r@r, l1ess d leroys-ROSHRIMIL & Use A | diewpensi ye gl ass

substrate and also to nmake a large screen of it. To conpensate for a low 5
el ectronsnobi | st¥teheneet, ahoweger riamlfE FAMSAIYN RE glass substrate
according to a second embodiment of the present
invention.

FIG. 5 is a cross-sectional view for showing a

state where laser annealing processing 1s 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 fdrmed 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



| arge, thus giving rise to a problemof a decrease in nunerical ﬁ&ﬁiﬁ$
in high definition applications. Further, it cannot |ncorporat83a r

IC thebein generally. 10 To sol ve these problens of the a-Si, poly- S|I|con
{hereinafter referred to as p-Si) is attracting the attention of the
industries. As a p-SIiTFT, first a high-tenperature p-Si TFT was devel oped
following a nono-crystal silicon MOS-FET, The high-tenperature 15 p-Si has
an electron nobility about 100 tines as mich "as that of a-Si. Accordi ngly,
the TFT can be conpacted wi thout departing froma tolerance of processing
accuracy and al so hgv a_higher nuneri cal Eﬁrture Besides, it can

i ncorporate a arfi @eril C°fReP&i RANSHAFLRE TRy yi@nﬂ@%bﬁ%ﬁ??%?@§ulﬁqu|rﬁs a
high t t t,9009C or mor e for roduction,, so that an
e;gensisgnggr rocgéggeﬁéggaﬁe u g@p@g PF? °§aﬁ§®é€t%¥e e%%rthErﬁﬁre t he
quartz glass cggs §b18'¥8”u§8 E%D§F%&§ _ regégaﬁlnch S an% n ot be 25

i npl enmented as arge-screen spla65 ng

limted to a s&rel ha®bZ8 13pgLI CALLAR %‘fCI?LtaS & PR Of}%r % 9 MV 2005
- 12 In view of the above Situation, thére has bee esire for t

devel opnent s Oél@cgkohhﬁbbﬂﬁ§t§lﬁﬁé&eb?e hSER e8!, eGl e @qgé'ﬁdéﬁﬁbe
hi gh-tenperature p-Si, that a "gl ass substrate nade thereof can also be

used as a-Si, large, thus giving rise to a problem of a decrease in

numerical aperture in high definition applications.
Further, it cannot incorporate an driver IC therein
generally.

10 To solve these problems of the a-Si, poly-silicon
(hereinafter referred to as p-Si) is attracting the
attention of the indﬁstries. 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 900°C 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.



5 and also that a large screen can be made thereof. That s

| ow-tenperature p-Si. The | owtenperature p-Si can be nanuf acture?dglﬁlgV 0%
| ow-t erper at ure process by utilizing an excimer |aser annealing nethod.
Accordingly, a glass substrate 10 made of p-Si al npbst as |arge as that nmade
of a-Si can be used to manufacture a TFT-LCD. The TFT nmade of p-Si can be
conpacted and al so incorporate a driver ? and so can solve such probl ens
i nherent to the TFT-LCD made of a-Si as déferioration 15 in nunerical
aperture, restrictions on hi gher deflnltlon etc., thus giving such

features preferable; for a nobile LED as gd:%ggclr l:%}rl qiq}qnﬁee;maesr %%?rb%?mr
eat | ) X 4197

di ssi pation, higher aeflnltlon |nproved

snmal I er thickngss; &t ¢p Zthea ﬁ Q%tgl%ge§1 Qe %% e%.gp@ﬁy Applded on
or ne

a-Si inits |laser anneal i ng, ger cryst to |ncrease t he

el ectric condughini bYectbus mbEHrl‘?L‘f?/”%sd%‘i'g%Qt% %tt%rfesg 5 ldp Jihe, T aser

power is too high so that the crys beco granul a homever t he

el ectric condughk¥it &éuﬂ@@&é@éeﬁlad%o'ﬁ%%ﬁ:%%'fy cahhla%s@ﬁ@en%sfef&e ey os |
defective as well known generally. 2. 05 - 13  The present inventor

wor ked ofit a basdicatescepktoh 1em§@e@blr@@na@dnﬁmagia@& e Cr yotiplt state
by observing, using a spectral ellipsoid,--a relationship
is low-temperature p-Si.

The low-temperature p-Si can be manufactured by
the low-temperature process by utilizing an excimer
laser annealing method. Accordingly, a glass substrate

10 made of p-Si almost as large as that made of a-Si can
be used to manufacture a TFT-LCD.

The TFT made of p-Si can be compacted and also
incorporate a driver IC and so can solve such problems
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.



between the crystal state and the reflectivity along a 5 process ?@ NOV 2005
poly-crystallizing a-Si by | aser annealing and analyzing a result of the
observation. FIG 1 is a graph.for showing a result of observing the
relationship between the crystal state and the reflectivity using a
spectral ellipsoid. In 10 the graph of FIG 1, the horizontal axis

i ndicates a wavel ength and the vertical is, the reflectivity for each
of the crystal states. The crystal states"are classified into states A B,
C, and D according to the crystal particul ate dianmeter. The state A

ds 15 t | di t t B rresponds to
2 Ted i par  Fcul at ST RRECENT (HY SO ate VR RS Wepande S5 LIRSS Shi a

T P T AP BT s

particul ate diameter in“a nnor i-on

mxture of an exteeyehy SiBihg BA b@a'r%tleeq'ﬂg%toﬁr %tﬂrorfgkpﬂfrt' on

and a large partic er fn a mnor orti 6h.

state B |nd'CaE@ﬁwé@naEﬁépkﬁpk%a@rQ@HQE aW@!%%é“%ﬂfléE%ﬂ#i <5¥Hm§q4ally-
The state C indicates an upper 25 Iimt above which the product

unaccept bl e apdotbes sbatpslpLamgsAauuduqabeaaglum@cqgg@ﬁﬂahdaémhﬁg | f
the crystallization progresses further, the 2 9 NOV YO05 - 14 state B

shifts to the shat Ené?lgladnghanrbeuﬂ.heo;ﬂ @he DBbsehereildie extremely smal |
particul ate di aneter
FIG. 1 is a graph for showing a result of

observing the relationship between the crystal state
and the reflectivity using a spectral ellipsoid. 1In

10 the graph of FIG. 1, the horizontal axis indicates a
wavelength and the vertical axis, the reflectivity for
each of the crystal states. The crystal states are
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



-increases in proportion. If such extremely-small particul ate dianeter
occurs, the product is not 5 appropriate and so i s unacceptabl e. 219 N800
partichlate is crystallized in a wavel ength range of 550-570 nm the
reflectivity is observed to rise to 0.55 or nore. |In the wavel ength range
of 450-500 nm on the other hand, the particulate exhibits crystallization
as well 10 as a decrease in reflectivity ggmn_to 0.5 or less. The
reflectivity observed at a wavel ength of 0 nmexhibits 0.55 or less for
the nedium particulate dianmeter but 0.55 or nore for the large particul ate

di . thus_discrininating, themf h other 15 clearly. That is,
whon a | aser bERRTH PhoddRToFEnGLR GE-CBob AR £ 5ol Ced ol Aoy an

opti cal filterwﬁér nthgnggﬁg%hgﬂgggggphfgg@gh%@ﬁﬁ%@;%g %Fit to the surface

of a p-Si substrafe and’i at € éex gﬁﬁéctivity of 55%

or less, it isifecLdedst 9 BEceRLabl € and, pt Reksen Hageqept abl e I

an i nspection step, the surfac a p-Si substraté s anned with the

| aser beam havpagracutayel gaghBrel 8EQuMD, Nehd Rrouglan opljcal filter or
25 with the inspection beamthrough it to check™which positions of the

surface ®f theappBbpstiBstr ahe BavesaundeteetaniiiUs qeuRhNG i dN&te
defects. This result is 2.9 NOV 20 15 fed back to the annealing conditions
to decrease thes crystallized in a wavelength range of 550-570 nm,
the reflectivity is observed to rise to 0.55 or more.
In the wavelength range of 450-500 nm, on the other
hand, the particulate exhibits crystallization as well
10 as a decrease in reflectivity down to 0.5 or less.
The reflectivity observed at a wavelength of
560 nm exhibits 0.55 or less for the medium particulate
diameter but 0.55 or more for the large particulate
diameter, thus discriminating them from each other
15 clearly.
That is, when a laser beam with a wavelength of
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



| aser power in the next |aser annealing of the a-Si substrate, thus
stabilizing the crystal state. .In this case, |ow reflectivity2d® NOVhe05
surface of 5 the p-Si substrate indicates that the intensity of the
reflection beamis also |low Therefore, by neasuring the reflectivity or
the intensity of the reflection beam it is possible to inspect the
crystal state of the silicon of the p-Si gubgtrate in order to decide 10
def ective/ non-defective states of the p-SP substrate, thus preventing a
defective product fromgoing to the subsequent steps. The following wll

d ib hip fi [ based he, above- ti d
o1 i nci pl e 15 abBBr ARG £8 LRE BPOCBRE ot an oM G° 2% 3 ot durati on

di agram for showtng o Lhi B.f kbl PLOGESSING. apparAlus, RroWiged Wih a laser

anneal i ng appar at and a poly-cryst Inspecting apparé%us 30. 20
In the thin fi ls{IbEE%%%l,' R8LAPRALALYSY 2 il t'r?esecrrgsameaéeawe.appar atus 20

and the poly-crystal film inspecting apparatus 39 are arranged

horizontally with anCeRM@yefde0balyysautniched, thprebeimeady r Hige copveyor
robot 40 has such a construction that an arm 41 tthereof 25 can nobve into

the | ases anneahkng-g3ppaudkisaz@ andildRe e PHNLCE alndddMmdpspectnag
apparatus 20 to convey the p-Si substrate, that is, a processing subject 2
in the 2 9 NOVr2iQbcthon beam is also low. Therefore, by measuring

the reflectivity or the intensity of the reflection

beam, it is possible to inspect the crystal state of

the silicon of the p-Si substrate in order to decide

10 defective/non-defective states of the p-Si substrate,
thus preventing a defective product from going to the
subsequent steps.

The following will describe a thin film processing
apparatus based on the above-mentioned principle

15 according to the present invention.

FIG. 2 is a configuration diagram for showing a
thin fiim 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



I aser annealing apparatus 20 into the poly-crystal film inspecting
apparatus 30. The | aser annealing apparatus 20 is provided with apg Nov 2005
encl osed reaction container 1. The reaction 5 container 1 has therein an XY
-scanning table 3 for noving the processing subject 2 (a-Si substrate) as
nount ed thereon. This XT scanning table 3 is <controlled in driving by a
table driving system6 via a systen1contgal system 5 control |l ed by a host
10 conputer 4. In a ceiling of the reacti container 1 is forned a
transparent excimer |aser beaminjection w ndow 7. Above this excinmer

| aser beaminjection window 7 are disposed. an i rmng lens 10, a
mrror lla, a g%ﬁﬁFlgnHS @8ﬂ|?8Pafétu§ ?ﬁrﬂ&ﬁpe Qﬁ &F&F% Falnifdld® s 11D
and |Ilc, and an_exciper |aser 6C|Ilator 9 in this order. Al though
this excimer Ié@%?eﬁggﬂgo§8PFF3§ 3 uses Xed which oscillates a beam

having a wavel engt h.@f 2 |ts | aser_ he nedl .8, r_nedla
such as ArF or KrF ngy gggﬁge nmla'ﬁ%in arI‘—’lz}t_‘suesr aZrB eam pd:s@é'] $eydt

Cont oLl o0 2 4fCcHashocaTPULEE b0 ckRy m%ﬁh%rcqnf' GUALIA 51, @ State wrer e

a gl ass substrate strate Cch i s formed an a- 25 film

whi ch issthe progesshay §UHh§CEhek§1HDHHt 4 %'&antnll?l ¥a%%nr3' 1g.table 3, an
exciner |aser beamis oscillated fromthe excimer aser beam osci |l | ator 9.

2 9 NOV 2005 moving the processing subject 2 (a-Si substrate) as
mounted thereon. This XT scanning table 3 is
controlled in driving by a table driving system 6 via
a system control system 5 controlled by a host

10 computer 4.
In a ceiling of the reaction container 1 is formed
a transparent excimer laser beam injection window 7.
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 llc, and an excimer laser beam oscillator 9 in this
order.
Although this excimer lasef 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.



17 The excinmer | aser beamthus oscillated passes through the mrrors 11c
and lib and then enters the |ine beam honogenizer 12 to be shapezi9 iNdVo2085
line (for exanple, a beamcross section of a stripe of 200 mm X 0.5 mm)
with 5 atop flat energy level. Thus obtained line beamis applied by the
image formng lens 10 through the mrror |Ila onto the glass substrate on
which is forned the a-Si film which is ige processi ng subject 2, to

t hereby scan the XY scanning table 3, thus’'10 crystallizing all the surface
of the a-Si filmformed on the glass substrate. In this case, |aser beam
out put provide t he_exci ner cillatar controlled at a

f1 uence suitab?QefSFCb8F§ 18F§§tg%%%&%%ﬁ&nQ5fHﬁ%§5?9wR%ﬂ§§ Egﬁﬁﬂﬁﬁbr h15

1 a
Cormos: 11 on ast8 HRERPE=CTa% bR T Arfl BB R s O o, The
processing subjggl, gnﬁQe?‘é%uggtEgt%égb%%$1nt%{%?qlkp p&pVI%%g% le

predet er m ned part ate dianet uch & Iaser annea adparatus

20 is carried B¥aﬁh§r89FV§¥9E LAbat: so% e Jrobyg CQM?B@l%o% ﬁ% y 1 P$pgeting

apparatus 30. Specifica e arm the conveyor ro noves into

the reacgi on CQ”E@b”%EatlehQEgygﬁe'v%i op@ah@g/ogt%qln% %R& 40k, Rrovided on
its 25 side wall and grips thé p-Si substrate nounted on the XY scanning

table 3 in theappactiopyCentainggyel rarthingha@rRn@ano ehridug@tdd ke stsge 31
provided in the

lla onto the glass substrate on which is formed the

a-5i film, which is the processing subject 2, to

thereby scan the XY scanning table 3, thus

10 crystallizing all the surface of the a-Si film formed
on the glass substrate. 1In this case, laser beam
output provided by the excimer laser oscillator 9 is
controlled at a fluence suitable for poly-
crystallization by the variable attenuator.

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 46 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



2 9 NOV 2005 - 18 poly-crystal filminspecting apparatus 30. As shown in
FIG 3, the poly-crystal film -inspecting apparatus 30 conpri sds9 NOV 2005
in--a-,)cabinet 43 the stage 31 on which the p-Si substrate, which is the 5
processi ng subj ect 2, processed in the previous step is nmounted and, above
it, a beam projecting section 34 for projecting the neasuring beamfroma
beam source (not shown) onto the p-Si_su?gtrgte t hrough a skylight 33
formed in the cabinet 32 and an optical filter 35 10 disposed in front of

t he beam projecting section 34 on its optical axis for extracting only

such a beam as avi_n redet er,m ned wavel ength from the measuring beam
enitted fron1t88EHégﬁgggﬁﬁc§}ﬁ§e§P§@§FtHW@k@p a?W%G*bed a beam recei vi ng
section 36 for recehyi e;}5eamyeflected by the p-Si. substrate and a
goni oneter 37 for fl'?f%j l%gltowr;lllg lén inci &éntthfnﬁogyofcq%sgceglea%ﬁl% t he beam

source is enpl exggeetﬁﬁggggwgk% 3|Oa%%5nﬁg{j]s%esgeﬁ.lbn§%‘igza!é§%t Lo apply the

beamto the p-Si " subst at an angle i grees or so (up 20

to 15 degrees) sihbh BESPACHL N Lt RBPELRENG G At d f vﬁui&?rﬂscﬂ%mor | aser
is enployed as thé beam source, the "beam projecting section 34 has a

bui I 't-inspover prdetest hBgsspgeern pnop rshawded o M td NG UG dasers
power. 25 The neasuring beam applied via the optical filter 35, therefore,
is reflected byotiheeguahageabbvehetp- 8l beam projecting section 34 for
projecting the measuring beam from a beam source (not
shown) onto the p-Si substrate through a skylight 33
formed in the cabinet 32 and an optical 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



Substrate and then nmade incident upon the beam 2 9 NOV 2005 - 19 receivVving
section 36 obliquely at an angle inclined by 10 degrees or so wi g NOY P26tk
to the)perpendicular. The reflection intensity of the beam nade inci dent
«upon the beamreceiving section 36 is neasured, based on 5 which a
reflectivity is calculated by reflectivity calculating means (not shown).
Thus obtained reflection intensity and rgglegtivity can conpared by

i dentifying means (not shown) to data of measurenent of the intensity of
the reflection beamof the p-Si 10 substrate, thereby identifying a state
of the film quali of an grbltr ubstrate whi.ch has B received the

, r
beam In a casﬁeﬁﬁé¥éngf8Fc %Sprg %ERFQEQ Yh@&mARi eR9Ee WRFHIERGE Yot 560

nmor the optical ;(filter 35 is us 15 ace ording to the canclusion
ment i oned abovgamﬁ% ‘referencs Wé%gléfsfeclf th&% cgﬁfﬁegpé&uﬂgﬁlect|V|ty

of the p-Si syﬁétﬁ@kﬁeﬁléﬁ"/olwcehg B DR ERBBRLEA R I 1 ndO ST JRPP

accept abl e and erw se, unacc Furt'hernor e ace

p-Si substratechs 1,@0nt Eeeeegfik}é %ga@&%ﬁ 58 GBCR WLl PR3O Of Lhe

surface have a defect to there calculaté a"total sum ‘of the all defects.
Based onsthe rgguth, at berappeaking isopdintions<ar &f ed Mack i$Q+3s to

decrease the laser power in the next |aser anneallng of the a-Si 25
substrate, thusastabbtiagnglehhe Gh¥st ahoshate @hukh@btained
reflection intensity and reflectivity can compared by
identifying means (not shown) to data of a measurement
of the intensity of the reflection beam of the p-Si
10 substrate, thereby identifying a state of the film
quality of an arbitrary p-Si substrate which has
received the beam.
In a case where, for example, a laser beam with a
wavelength of 560 nm or the optical filter 35 is used
15 according to the conclusion mentioned above with
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-31 substrate caused by laser annealing thereof.

The fluence of the laser power can be controlled



a-Si substrate caused by |laser annealing thereof. The fluence of the |aser
power can be controlled 2.9 NOV 2005 20 by controlling a transm 2 N8Y: 2005
factor)of the variable attenuator. Alternatively, it can be controlled by
.controlling the output power of the |aser oscillator 9 to thereby adjust
the | aser output. 51t is to be noted that by providing a plurality of

sets each consisting of the above-nentLongg beam projecting section 34 and
beam receiving section 36 so that these ts may perform processing on
their respective regions sinultaneously, t hus i ncreasing the 10 overal

rocessi ng speed. As, nenti,oned bove the present odi ment, . deci sion
Ps nmade s?nppyggnf§n550?hén8a§ éy 'qﬂf(ﬂéﬂ%hf g i%n beam

d 15
oreatly as compirenrsohat %%tt@afﬁatt VeNdor ;tega[‘r;(%e' G Sl yhbe ne
pol ari zation C@BH\:Eb?ﬁlingh"Eﬁe %‘u%l tf ?%r\b%rt e @?eglﬂr eéﬁg‘:‘rntossé/%tleégdg

Besi des, by arranging a pluralit asur enent it cal SyS

possible to expgndnharbagady la%tt t%% 93 e OQIq:tp%ﬁ:t edat atime, this
improving the throughput. Furthernore, since"the incident angle of the

optical systemcan he adj ust ed %tte'aetg% HEREHoBdind a 151 PESEI ) &£ 0

sel ect an incident angle at which t
sets each consisting of the above-mentioned beam

I S

projecting section 34 and beam receiving section 36 so

that these sets may perform processing on their

respective regions simultaneously, thus increasing the
10 overall processing speed.

As mentioned above, by the present embodiment,
decision is made simply only on the 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



25 reflection beamintensity changes remarkably with a change | the
crystal state. It was confirnmed by experinents that stable detect?8mNaVs 2005
possi blle without 2.9 NOV 2005 21 affected by roughness in the surface when
the incident angle and the reflection angle are inclined by 10 degrees or
so (not nore"than 15 degrees) with respect to the perpendicular. 5

Al t hough the present enbodi nent deci des giceptablefness/unacceptable-ness
based on a threshold value of the reflTectivify, the threshold val ue may
change with the filmthickness. On the surface of the p-Si substrate,

however, the defgctive Eositions are 10 scattered in many cases and
therefore the ABSECERIt RY IPEGPRERSS dnndhedsredEicre Whsd tther e A% ace of

the p-Si substrate ma scanned thoroughly to then .,obtain a histogram
of the reflect?Q?ﬁﬁ P éo?ﬁ@rngqﬁggFﬁg Qn%ﬁggﬁ5ﬁ W rﬁ%€§“hot fall in a
popul ati on of e eptahl e s. to _bhe n-,accept abl €. By .this nethod,
it is possibIeapodégggggtg&ngdé%??f?ogedSP%%tﬂ%ede 5§¥¥§oﬁ”é$%n with the

t hreshol d val u uat.l i f..the p-Si substrates. It is thus
?g% detuag 3Qe %gpgﬁgﬁ%fgan.

possible to sta the crysta given by the | aser annealing

processi g, thus inaReWRgh the WrelddntFle@Bodimkh S tdg second

enbodi nent of the present i1nvention.
acceptable-ness/unacceptable-ness based on a threshold

value of the reflectivity, the threshold value may
change with the film thickness. On the surface of the
p-Si substrate, however, the defective positions are
10 scattered in many cases and therefore the most of the
regions is non-defective, so that the surface of the
p-Si substrate may be scanned thoroughly to then obtain
a histogram of the reflectivity in order to decide a
region which does not fall in a population of the
15 acceptable ones to be non-acceptable. By this method,
it is possible to accurately identify a defective
position even with the threshold value 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 i1s thus possible to




As mentioned above with the first enbodinent, by 25 the |owtenperature
p-Si can be manufactured by a low tenperature process by utilizid§ NOCi2008r
| aser anneal ing processing. It is thus possible to 2 9 NOV 2005 22

-commerci ally produce a TFT-LCD nade of p-Si using a |arge glass substrate
havi ng al nost the sane size as that by a-Si. By using p-Si, the TFT can be
smal |l sized and a 5 driver |IC can be anQEpoLated, to sol ve the probl ens
such as deterioration in nunerical aperture, restrictions on higher
definition, etc., thus giving such features suitable for a nobile LCD as

hi gh bri ght | di ssi i hi_gh finitian, 10 inproved
dLEaEht it ;'a?l i éﬁﬁésraé’%’g‘%yf’%%épﬁsfj{ nRaReD: m?‘&fdes ls uaTlég A MEPt ne-
schematic dia s [ 26, . .

p-Si film isg¥%$§3d88§@5 %ngéggﬁ spggﬁé%5%3%ﬁf%i§¥ﬁ%5ggghfvjfbaf5 form

the p-Si filmpgp,thg,gbags substrate 51 without deform ng the glass
substrate 51. To for¥1the p-Si filmunder such restrictions, as shown in

FIG 4, first an uagetkYhgdpRiat e¢hicon i ldap2dmage 10f SiddEahpx de  etc.
is formed by plasma-enhancéd CVD (PECVD) on the 20 surface of the substrate

51 made ®f cl eapiven- atkahh bel assoeberaled!,, tan sa1%e fiHdNprdHierdor med by
PECVD on t he
such as deterioration in numerical aperture,
restrictions on higher definition, etc., thus giving
such features suitable for a mobile LCD as higher
brightness, lower power diséipation, 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



surface of the underlying protection filmb52. Next, as shown in FIG 5,

| aser beamwith a higher 25 energy density obtai ned by concentra @ng\}%aﬁr
beam 54 is applied onto the a-Si filmb53 to carry out |aser ann all%g
-processing thereon to thereby anneal and 2 9 NOV 2005 23 poly-crystallize
the a-Si film53, thus formng a p-Si  film55. Next, as showmn in FIG 6,
by applying a |laser. spot, the a-Si filn12§ formed t hroughout the surface
of 5 the substrate 51 is poly-crystallizéd. Note here that in |aser
annealing of the a-Si film 53, the higher the power of the | aser beam

I d, the_ larger c al is formed tqg.imrove the electron nmobility,
Sﬂﬁsoyﬁprovingp?ﬂ¥98F¥§%¥§ééFed39Fc€q%6 THAFactar iU ST 1§ BRIt | aser

beam power becggﬁﬁ 5ttsoo high in excess of a certain value, the particulate
di aneter of the CrysStal decreases suddenly. If the crystal particul ate

becones smal |, the g%%%t,.r% SRR 131y 4RCT QASE, ﬁa%gs\‘l’\lﬁ}izne Ya H‘%@r -

deteriorating the 1 evi ce performance as Vel era

Furt h . 1 Epl f .
urthermore, ' bob, nohoabuays 4anef e bLerdielciibo sl RALSM e

di aneter be larger, instead it is necessary to provi ectron no
that matghes apheek@phtirgak &ir gui boflglr-@q,s%ltla%ewface of the 20

substrate 51, that is, to poly-crystallizé the particulate so that it may
have an appropri ateNote here that in laser annealing of the a-Si film
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



particul ate dianeter. For this purpose, it is necessary to inspeﬁb ﬁﬂﬂ
manage the dianmeter of the particulate forned on the surface of thi 2005
substrate 51. 25 The present inventor worked out a basic concept of
-inspecting and managi ng such a crystal state by applying beans with
different specific wavelengths to 2 9 NOV 2005 - 24 the crystal of the
a-Si film53 as poly-crystallized by Iasgr anneal ing, to detect the
intensity of the reflection beamfor each”of "these wavel engths of the
appl i ed beans and then conbine the results, thus 5 deciding the crystal
state highly accurate ¥. FI.G 7 show distributions _of the data of ,
measur enent s ofPEhEXYAtehsPEy thevarade finfleRsi ) PolLY 1fy stefildasdoPbeans
with specific vel engt hs_ (500 nm 50.n applied.to s | es prepared in
correspondenceTgﬁeFo HSa&éBHeet8fd§§8ﬁanL8flBﬁ&“ﬁ&Fﬁi€3ngP§ di aneter of
. the a-Si film L se neal 1.ng 7 vertlcal
axi s indicates§?§ﬁ§éce ?%ﬁ geanﬁachtgﬁs 3$S§n&ayﬁ&eﬁ§%“foﬁF;| Xi s

i ndi cates a sa u c e t he d f progressing of 15
crystalI|zatlogpkgﬁgﬁggggﬁspgéplgggatgggbgﬁgtg%) EJE%as %, Qh&%ﬁch t he

di stribugion 'éeQFL@HHGdtth erlQea1r g%@@shlgmg (arc)c)lrat'eri hi's case, based
on the growi ng degree”of the “crystal, regi corresponds to a

particulate 20 diangter of sBod BTk ib@$SonL@ O Qatorgresponds to a

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 O 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



particulate dianeter of 0.3-1.0 gmor nore, region (c)3 corresponds to a
particul ate dianmeter of 1.0 gmor nore, and region (1 corresponﬂgfﬂw 005
particylate dianeter of 0.3 mor less. 25 In FIG 7, the application beam
-takes on a wavel ength of 550 nm (540-560 nn) with a green filter enployed
and a wavel ength of 500 nm (490-510 nm with a 29 NOV 2005 ti - 25 blue
filter enployed. As is clear fromthe dis%&ibgtion in each of the regions
in FIG 7,' region (2) is lower in reflectPon” beamintensity than regions
QL, 32, and (r) and so can be 5 discrimnated fromthese. Region 3

i ndi cating acgiﬁta?Lg-ness, owever, has al nost.the sane distribution
range of the r8tPEctioheBe&MPIAYESSity as that of regions ~1 and (r) and
so cannot be discriginated, fromthese. Beside ener al | regions QL and
3Q 10 scarcely coex%t 8n Ctlﬁ’érs?rﬁe‘méig%et rdg'tséc,rléjou 1 ‘%/%Ch e%%u%ﬁei f
regions (c)l a r.regians - 2(¢).,..33, mand_( nd,. _can e di.scri m nated
from each othe?ggﬁngtﬁéreggfe7’ %& ﬁ%%%@§3ggnggygf %gn%ggq Fg&PPninated

from each othepe,palheghstihe faur rrggii%% B" B 1A @R PR cad pdeX!

in terms of distribution ineach region at a  wavel eng nm t
reflectign beagikpi-eAshhYekss £rdinsthicdawt ed g iQﬁJX)d&BB%E%QHnEEt“Be” regi ons

33 and which can therefore be discrimnated from each other
acceptable-ness, however, has almost the same
distribution range of the reflection beam intensity as
that of regions @ and @ and so cannot be discriminated
from these. Besides, generally, regions @ and ®

10 scarcely coexist on the same substrate, so that it is
enough if regions @O 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 Nexf, in terms of distribution in each region at a
wavelength of 500 nm, the reflection beam intensity is
distributed largely different between reéions ® 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



easily. Accord

ingly, by conbining inspection results 20 at wavel engt h of

550 nmand 500 nm it is possible to identify the crystal statesyg Noy 2008

accurately as
-descri be a net

sub-divided into the four regions. The following wll
hod for manufacturing an LCD, which is a thin film

processing 25 apparatus of the present invention based on the above-

mentioned prin
NOV 2005 26 s

according to t
appar at us has
mentioned firs

ref erence nune

ciples. FIG 8 is a schematic configuration diagramfor

29

howi ng an LCD nanufacturrngzépparatus provided with a |aser
anneal i ng apparatus and a poly-crystal film inspecting apparatus 29
he second enbodinment. 5 Note here that the | aser annealing

SPRULBE BN c bfPoReRts 258 UEAHSe 2BESEA D BAAH dask WHidy &t
ﬁ enmbodi nent, so that %hey are indicq;ed tgy %%ﬁ_sane
AP aABIFAEHPIeRPPARALHSN 3PS G0t YeF HEEL £ 1Fhe

processi ng subj ect =Sl substrate processed . and.forned by the |aser
anneal i ng appa#ggﬁgggiﬁgsgpgng uﬁa?é 3C595§%f¥ﬁlﬁon eb§%¥rgﬁ¥ate di anet er

is carried by
appar atus 29.
into thegreact

10

15

20

25

%ﬁgoggﬁgg¥or robot 40 to a poly-crystal filminspecting
pecl

IcalTy, the arm41 15 of the conveyor robot 40 noves

fon  geRbahReE LhhRr @HAN 11 ORI G PLSINIh AMRE depg  (not

the same components as those described with the above-
mentioned first embodiment, so that they are indicated
by the same reference numerals and their explanation is
omitted here.

The processing subject (p-Si substrate 6)
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
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
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
with the p-Si substrate 55, which is the proceséing
subject, formed thereon as shown in FIG. 10 also. This

detection optical system has such a configuration that



shown) provided on its side wall and grips the p-Si substrate 6 unt ed on
the XY scanning table 3 in the reaction container 1 and then carfi 0V 12005
onto the stage 20 31 provided in the poly-crystal filminspecting
-apparatus 29. In the poly-crystal filminspecting apparatus 29, a
detection optical systemis disposed above the XY table 31, on which is
nmounted the gl ass substrate 51 25 with the_p-Si substrate 55, which is the
processi ng subject, formed thereon as~shéwn ©n FIG 10 also. This '
detection optical systemhas such a configuration that 2 9 NO V 2005 27 as

viewed fromthe side of the XY table 31 are sequentially disposed al ong
the optical axfS ¥1SHEGnEEFPRatiEnSdpe Cdl topseemtePlendaar@ f-nmirror 23

d al so, the t i ssign_si de al the optical . 5 axis of the half
mrror 23 i's dFSPOSBA-A LK0SLAPRERS: Giar Dedh SEiser A hihich

hoto-el ectrically. transfers_an electric signal and.then aqutputs jt to an
Pmage processirﬁagérl#sLFgFllPﬁi Py%&é:@ildisﬁﬁts?g‘ctzi%or?nfga kﬁ@?&@ﬁrpo%s%jrled g
opposite side n e tigal i f..20Q t alf, mrr re .provided a
S\FI)\IIptCh-OVEI‘ tygga \%é%gl’_eﬁgt Eﬁgeltg)éh%ﬁgsr?é%ﬁangﬁé% fGloarHﬁ{d tg{erru_qec!l- ¢ol or  beam
source 2g. In phis genthauhaliFop, Qpky o3 p%a@i@@wg& g Specific wavel ength

of the beans emtted fromthe 15 nulti-col or beam source 37 such as a
hal ogen | anp e§i€¢mensional beam sensor 24, which photo-electrically

transfers an electric signal and then outputs it to an
image processing/crystallinity deciding section 25.
Besides, on the opposite side along the optical axis of

10 the half mirror are provided a switch-over type
wavelength selecting mechanism 26 and a multi-color
beam source 27.

In this configuration, only a beam having a

specific wavelength of the beams emitted from the

15 multi-color beam source 37 such as a halogen lamp etc.
is selected by the wavelength selecting mechanism 26
and passes via the half mirror 33 through the
magnification optical system 32 to thereby be applied
onto the surface of the p-Si film 55. The beam

20 reflected by the surface of the p-Si film 55 is
magnified by the magnification optical system 22 with
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.



is selected by the wavel ength sel ecting nechanism 26 and passes via the
half mirror 33 through the nagnification optical system32 to théﬁﬁbva?
appl iied onto the surface of the p-Si film55. The beam 20 refl ected by %k
-surface of the p-Si film55 is nmagnified by the magnification optica
system 22 with an arbitrary magnification to then be projected onto the
surface of the two-dinensional bean1segso5824_in an inmage. Thus projected
image of the filmis transferred 25 into @an electric signal by the

t wo- di nensi onal beam sensor 24 and then output to the nage processing/

crystallinity deci diNgges %trie?q:h%% ﬁ?)’t?? pIN_gS\{ gﬂlﬂf%[?éz\?ﬁ #oéreab e?r,ﬁe% hat the

p-Si film55 is irradirate ht oug ving a

first specilieq MBYRLEROLR0LAGUAldY A% K e Xl A A5l JIES,. SO thal

correspondi ngly resul tant reflection beam5 |s projec o the surface

of the.two-di ngpéi:@-@%- REFEN S8R POy ratuad 17,5 L 1 Mitgg;-ﬂesdin%veaé. an

electric signal to the 1 mage processing/crystallinity cidimg sect’ion

25. Next, the wgvehgagbBrsekeehtngTechani $0s38 tas 1 eidghiesh i a0l ect
only a beam having a second specifi'c® wavel ength. Subsequently, the sane

operati ons as fBogeojwktBdt B8 theStkusFachk ioe wavelerotdl nairs fahgatindd o
project the reflection beamfromthe surface of the p-Si film55 onto the
surface of thestmpeodi fB@pskomalsult 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



15 beam sensor 24, the result of which is then input to the inmage
processing/crystallinity deciding section 25. The inage 29 NOV 2005
proces$ing/crystallinity deciding section 25 processes the data obtained by
-transferring into the electric signal the reflection beans of the 20
beans having the first and second specific wavel engt hs and conbi nes the
results of the processing, thus deciding.hy operations the state of the
crystal based on the beamintensity of t image. It is to be noted that
that the crystal state nust 25 be inspected as magnified because the
crystal is ver Ther%Lore, as ,shown in FIG 10 illustrating the

i

i mge, the sur%ﬁ@ggghgéhgypﬁ PReRi 64 Sed LoRs pREHER Las Y8 F$™NGE 2005 29
regni e by the mgn gy 0 gE SR SR L g be et od
wavel ength i o ES0TAKCASH S GathoSreslRroa dhFea eeh) ARG 77 such
T ocesa nglorySP R BTty TraRTeyr 107 B A e deaigret ie %D
state fog eachngh EP@ Qé%@iepﬁ%ﬁdi%”Sb@enhP%EﬁﬁhtHd@k‘&?%é MBGE cakd N

these areas. The follow ng w descri be the neasurenent results obtained

by the poly-crysgabnf @mhnspect 1Ny saBRaLAL Y828 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



As nentioned above, the reflection beamintensity 15 obtai ned whep_ a beam
with a specific wavelength is applied to the p-Si film55 changes Wi N0 2088
magni t yde of the particulate dianeter of the p-Si film55. Wien green and
-bl ue beans are applied, in particular, as experinentally confirmed, the
characteristics change 20 remarkably owing to a change in the particul ate
dianeter. 550 nmin FIG 7 is a graph for_showing a relationship between
the particul ate di aneter and the refléctﬁgn beam intensity when the green
beam (with a 25 wavel ength of 540-560 nm is applied, as nmentioned above.

500 nmin FIG 7, on the other hand, i raph for showing the simlar
rel ati onshi p wh&hth Bl G8VH EHGEENe%zééﬁ-%é% (&Prh a wavel ength of 490-510

nm. In FIG 7, the_horizontal _axis indicates the .sanple numhers, which
are discrini nated fF8n?g§Ch90tﬁ§F %ﬁf%fﬂﬁi%i(ﬁﬁ%ﬁ(&QdQ%éiﬁﬁ. " FIG 17,
sanpl e nunberss%m?§é3%uﬁ8gk at%hgckegkgndwg%&%mhggt %TE&%%!%&EﬂQ'%HE&er IS
very small, tha s, as nentioned above, the laser eam energy density is

too high and sg,the ! e+ di er irs n ceqd. j 7,
when tﬁe greenB%egnP?SE%gﬁg%gFigégh?%g&bea%iigéggfﬁgdtgﬁ' §¥Q%I@§§§ y to
thereby sprovige-aghi gheshrbeyelqgf chh@nkeeeRict Y2k ithA a e fd i€G1d 1 beam

inregion ( where the particul ate
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 O and @ and

20 also a.similar possibility among regions @, ®, and @,
whereas among regions O, @, and @ there is a small
possibility of this kind. By utilizing this, it is
possible to discriminate in particulate diameter
between regions @ 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



dianmeter is 0.3 ,umor less, region 03 where the particulate dianmeter is
|l arge as nuch as 1 gmor nore, 15 and region (r) where the particylg@ngv 2005
dianetér is suddenly reduced, whereas in region 22 in which the
-particulate dianmeter is 0.3-1.0 gm the reflection beam intensity
decreases. Besides, generally there is a possibility of coexistence
between regions (1 and (2 and 20 also a simlar possibility anbng regions
2(c), Z, and (4), whereas anong regi ons @1, (3, and (r) there is a small
possibility of this kind. By utilizing this, it is possible to
discrimnate in rticul ate di aneter betmeen regions ( and ZQ.or between
regi ons 2Q andreggeFEQPBn egm, ﬁ&tFTFltFUFFh@ﬁﬁ@@é 1%s He8 e gPoRE903 and

, when the .blue b h FLG th 2005
51 ef  octi on BAREI AIGRERLYTT i GRBFoPRoTEgi BrOARE® (et B rceag;% (1))

Therefore, . regy Qéréygﬁgg 8a%r%% gb c%% er}ated from each , ot her.
utilizing a co PRAt 1 onCof ere atlons I'ps 5 between the reflectlon beam

intensity and the pariiqyl;ate | 1&M¥¥$nl§ﬁ§%§¥*¥¥y cﬁ%%% beans

with specific wavel engths are regions can be
separ at ed fronmygagheat bge. r&uéc@'&ﬁsbeah &%%%h@'l%ﬁ; %&Sc@l%ct the state of
the particulate 10 dianmeter of the p-Si fil e I nspection results can

be used to adj gstktib@late dlameter 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



output of a laser oscillator 10 of a |aser annealing apparatus 22, h@ﬁzﬂﬁ
perform ng good and uniform | aser annealing processing. 15 Altho &h
above- trent i oned enbodi nents have used the specific wavel ength of 540-560
-nm (first specific wavel ength) and 490-510 nm (second specific '

wavel ength), any other arbitrary conbinations of the specific wavel engths
may be enployed as far as they may 20 sup grt_each other in discrimnation
of the data. For exanple, they may be exg nded to 480-570 nmas the first
speci fic wavel ength and 530-570 nm as the second specific wavel ength.

Furt her, althou h the ﬁgove nen |one% %Ply-crystal 25 fil minspecting
apparatus 29 d@ BEPESt RHBSi APEHI he beamreflected by the p-Si film

55, it det ect ecti viity fro of_ the ohs to then 2 9
Nov IZOOEBY 33 egr ocegg E]%e resul tantth&a{Qé)eﬁ\)adl—anrttuﬁS Erﬁl?l)rrém | at%teu%lpnp%r at us
for manufacturipng rERE, LGF%]PBQ% gaﬁgkgmgyga ?ﬁQE§QHgﬁ A%b dAishected

everywhere on the p-Si he poly- crystal i nspecting appar at us

29 but only ne@dér%@h@%e' Bapesked-sat rananki ttlh%%own@ dint@ryal . 1t is
thus possible to stabilize the crystal state in laser annealing

processi®g, thusspapeoMpngpbheayhel d9 butnenuhackédd 1) oA theritde
second enbodi nent has been descri bed
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 methad
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, 1t is possible to discriminate between a
crystal state with a particulate diameter of 0.3 um 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



with reference to a filmaquality inspecting nethod

in tw ranges,
three )ranges

the present inventionis not limted thereto; for a
or nore of the wavel engths nay be enpl oyed. 15 Therefore,
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filmaquality may be inspected using wavelengths in three or four ranges.
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beam For exanple, according to the enbodinents of the present invention,
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pager 7 such eandi Lbensgt hat ykheypanki ¢yl @Ltn%gef@ta'{%teerﬁ‘ici‘?r‘?s not
( FIG 7) o U

J;Lﬁ%lﬂﬂ%' 15 ¥nySbAUyOB! ¥eambBAR RAVENG iR g3 ieN Gl aIRMR) tengt h.
a nmethod may be used for noving the sSubstrate 51 as

afhd he

as to

5

ection beamintensity and then noving it as applying a beam

spesttatewalehengppliydngcgubeamdatiahot 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
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
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
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
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



.10 the reflection beamintensity throughout the surface of the S?ﬁié@gtﬁM5
51, so that based on these two data itens the filmquality is in d

t hroughout the surface of the substrate 51. According to this nethod, the
-surface of the 15 substrate 51 is thoroughly scanned by the | aser beam
with the first specific wavelength to acquire the data of the reflection
beamintensity of a plurality of positiogg in a predetermned region and
then by the |aser beamw th the second specific wavel ength to 20 acquire
the data of the reflection beamintensity of the sanme plurality of
positions in tk rm;ped region, so that based on each piece of the
reflection begﬁfpﬁgggéﬁtghggfa obt ai ned for each of the sanme positions,

the filmaquality Othg%hgﬂﬂo%%Q'gﬂﬂﬂd n %&ﬂéﬁggg%ﬁaje Cﬁﬁ%%§§$8ition'lt

is thus possible to decrease the nunber times swtc by the

wavel ength sel gephREtBBCRARI 828 calthbs Hedde NG HNe wd %N 2 34
i nspection tine. Furthernore, although this second enbodi nent “separates

the applicatioregeans bRt asingweheavehenehdthr egilers iy weidhhriilen 26,
wavel ength sel ecting nechanism 26, 5 it may be nodified so that the

wavel engbh canibemagebei medifekackovehut kb exailetgthheamrd engt h

sel ecti ng nechani sm 26 may be di sposed on the upstream side of the beam

sensor 34 or ardcehwedcspiesmineyybe 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, wvarious

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.



.used to space-w se separate the reflection beans into 10 green a %
ones so that they can be inmaged by two beam sensors respectivel y.
nmet hod, each tine they are applied, the intensity can be detected in
-wavel engt h areas sinul taneously, thus reducing the inspection tinme. 15

Addi tional advantages and nodifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not
limted to the specific details and representative enbodi nents shown and
descri bed herein. Accordingly, vario%%AgﬁsnDdifications may be made without
departing fromthe spirit or scope of the general invention concept as
defined by the appended clains and their equival ents. 29NOV2005 35 CLAI M5
1. Afilmaquality inspecting nethod conprising: 5 applying a neasuring
beam havi ng a specific 1 waefehgt futdbiapg anapatedngi hhecbndfilmformed on a
substrate in a direction inclined with respect to said silicon film
measuring a reflection d¢onipenisstrygor reflectivity 10 of a reflection beam
reflected by said silicon filmas a result of said application; and

inspectisng a filmqualidypnfisgi 8 sehkaeink b@anbased op A d@asur egent
val ue obtai ned by the
wavelength to an annealed silicon film formed on a
substrate in a direction inclined with respect to said
silicon film;
measuring a reflection intensity or reflectivity
10 of a reflection beam reflected by said silicon film as a
result of said application; and
inspecting a film quality of said silicon film
based on a measurement value obtained by the
measurement,

15 wherein said measuring beam 1s applied at an angle
of 15 degrees or less with respect to a perpendicular
of said silicon film.

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

20 silicon film is inspected by comparing a measurement result

of the reflection intensity or reflectivity of the

reflection beam to data stored beforehand.



.measurenment, 15 wherein said neasuring beamis applied at an angle of 1
degrees or less with respect to a perpendicular of said silicon £i9 MgV 2005
The filmaquality inspecting nethod according to claiml, wherein the film
-quality of said 20 silicon filmis inspected by conparing a nmeasurenent
result of the reflection intensity or ggeflectivity of the reflection beam
to data stored beforehand. 2 9 NO V 2005 36 3. The filmquality

i nspecting nmethod according to .claim ljé wherein s i.P\ ring beamis
applied to said silicon-f iTﬁ'r‘ﬁ aftl%d“ pi'iit JrWyl%?p%Sgil ﬁgﬁ%st%t%de]r eon, and the
reflection beans reflected fromsaid 5 plurality of o.sithons b% sai d
silicon film aeqeetivedte ¢laadur ¥NeHeh FPeAsTEISOr %P8l Vi ty of each
of said received beans and to set a threshold value, thereby  inspecting
the film qualitappdfiedatd siid cdditphnfaineder? lusaldtyl of RTTYF160S
positions based on said threshold 10 thus set. 4. The filmaquality
i nspecting met ho@dreaasorndnghd aeflaichidn mreinefdacted peedtt iseiwavel engt h
is within a range of 550 to 570 nm S. The filmaquality inspecting nethod
15 accordi ng t ¢,16Hai Atk o eSSt 88l By nesisdirding cbeafi iis ampplecedvédom a
beam proj ecting section, and the reflection beamreflected by said silicon
filmis measure the intensity or reflectivity of each of said
received beams and to set a threshold value, thereby
inspecting the film quality of said silicon film at each of
said plurality of positions based on said threshold
10 thus set.
4, The film quality inspecting method
according to claim 1, wherein said specific wavelength is
within a range of 550 to 570 nm.
5. The film gquality inspecting method
15 according to claim 1, wherein said measuring beam is
applied from a beam projecting section, and the
reflection beam reflected by said silicon film is
received by a beam receiving section.
6. The film gquality inspecting method
20 according to claim 5 , wherein the measuring beam
applied from said beam projecting section enters an

optical filter so that a predetermined wavelength alone

may pass therethrough.



received by a beamreceiving section. 6. The filmaquality inspect%?qﬁnpgﬂﬁd
20 according to claim5 , wherein the neasuring beam applied fromsaid
beam projecting section enters an optical filter so that a predeterm ned
-wavel ength alone may pass therethrough. 2 9 NOV 2005 37 7. The film
quality inspecting method according to cl,aimb5, wherein said beam
projecting section and said beam recei Vi ng section are movably di sposed
to change an inci dent gle ang&ﬁgrefl ctlon 5 angle of the neasuring beam

with respect to said rpEHﬁl r Aug L1Fye 190 Ekﬁ?t@thgﬂectlng met hod
according to claim1, mhereln a |l aser beamoscillated froma |aser
oscillator is appFPedine tReC3PEicEn FPEAELD 6AldaPEaBUBEPPAEEINGher eby t he
silicon filmis annealed. 9. The filmquality inspecting nethod according
to claim8 , wheteiiopoyed ofiddiedm xseelivoseiddceition pseconvalply ed on the
basis of an inspection result of said filmquality. 15 10. Afilmaquality
i nspecti ng net hiikpaeprioschgngeappl yhogdanbeanylie andaaneakédcsibhcon film
formed on a substrate; detecting a reflection beam having a first range 20
wavel ength refleeied by saé dnsddiciony bebim astR Fesidt @ saiq
perpendicular.
8. The film quality inspecting method
according to claim 1, wherein a laser beam oscillated
from a laser oscillator is applied to the silicon film
10 on sald substrate, whereby the silicon film is annealed.
9. The film quality inspecting method
according to claim 8 , wherein power of said laser
oscillator is controlled on the basis of an
inspection result of said film quality.
15 10. A film quality inspecting method
comprising:
applying a beam to an annealed silicon film
formed on a substrate;
detecting a reflection beam having a first range
20 wavelength reflected by said silicon film as a result of
said application to obtain a first detection signal;
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



.said application to obtain a first detection signal; detecting a reflection
beam having a second range wavelength reflected by said sili coR 9f N@Ynzﬁfg) a
result of said application to obtain a second detection signal; and 2 9 N
-0 V 2005 39 inspecting a filmquality of said silicon film based on said

first and second inspection signals corgesponding to about the sanme region
on said silicon film 5 11. The filmaquality inspecting nethod according

to claim1l0 , wherein: said bean1haV|n9 said first _range wavel ength has at
| east one of wavel engt hs&PeE8H Y 02558 %nﬂugéiﬁyb%gnﬁﬁéglﬁéléépa $ééBnd
range wavel ength has 10 at | east one of wavel engths of 530 to 570 nm said
first detectiorPaigthah isgigbfhrsfediisy segendcinsnpdioaf fegrabh beam of said
reflection beanms, having a wavelength within a range of 480 to 520 nm and
said second det@mﬂﬁaapqghgngltbsabmutﬂhhedsbme té&g et ent isagdasiéitecti on
beam of said reflection beans, having a wavelength within a range of 530
to 570 nm 12. fhemfilmaquality inspecting nethod according to claim10 ,
wherein: the beanms having said first range and second range 20 wavel engt hs

are scanned and appliedi 10 enpredeherhned  regiurofhsahddegbhi con film
said first and second detection signals are
according to claim 10 , wherein:
said beam having said first range wavelength has
at least one of wavelengths of 480 to 520 nm;
sald beam having said second range wavelength has
10 at least one of wavelengths of 530 to 570 nm;
said first detection signal is obtained by
detecting a reflection beam, of said reflection beams,
having a wavelength within a range of 480 to 520 nm; and
said second detection signal is obtained by
15 detecting a reflection beam, of said reflection beamns,
having a wavelength within a range of 530 to 570 nm.
12, The film quality inspecting method
according to claim 10 , wherein:
the beams having said first range and second range
20 wavelengths are scanned and applied to a predetermined
region of said silicon film;
said first and second detection signals are

obtained by receiving the reflected beam sent from said

predetermined region on said silicon film to thereby



_obtained by receiving the reflected beam sent fromsaid predeterm ned
region on said silicon filmto thereby 2 9 NOV 2005 39 detect Z&iNDV 2005
reflection beams sent froma plurality of positions in said predeterm ned
-region; and said filmquality is inspected on the basis of said first and
second detection signals obtained 5 corrgsponding to the sane position of
said plurality of positions. 13. The filmquality inspecting nethod

according to claim 10 ,,mhergLn t he geans having the first. range and
second range gtREAaF el LGP 8RS 18- A p o802t BLeAR Y 19%con film

14. The filmaquality inspecting nethod according to claim110 , wherein
said first and ReTbhtPheteciibh RTYRAFIIREREBbT AP held/ byndel ecti vel y
detecting reflection beans, of the beans reflected by said silicon 15
film having said firstsaiahdel landiselciond franigepevdasl engtttise WesiA dfilm
qual ity inspecting apparatus conprising: a stage on which a substrate
having an 20 afwiedl £0rst | acdnsécdmalt heteonios sbynsed; oatheasusour ce which
enmts a nmeasuring beamto be applied to said silicon filmon the substrate
nount ed son sai bsitrag@ondifgNey 209%ame position of said plurality of
positions.

13. The film quality inspecting method
according to claim 10 , wherein the beams having the
first range and second range wavelengths are selectively

10 applied to said silicon film.

14. The film quality inspecting method
according to claim 10 , wherein said first and second
detection signals are obtained by selectively detecting
reflection beams, of the beams reflected by said silicon

15 film, having said first range and second range
wavelengths.

15, A film quality inspecting apparatus
comprising:

a stage on which a substrate having an

20 annealed silicon film thereon is mounted;
a beam source which emits a measuring beam to

be applied to said silicon film on the substrate

mounted on saild stage;



40 application devices which selectively apply beans havi ng wavel engths in

di fferent

silicon

ranges of the beams enmtted fromsaid beam source to s3igdygy 2005
film 5 an optical sensor which receives the reflection beam

-reflected by said silicon filmwhen applied by said application devices to

convert said

reflection beaminto an elsgctric signal; and a filmaquality

i nspection device which inspects 10 the filmaquality of said silicon film

based on said . om sai ¢
filmquality inspecting apparatus’ Accordi ngto

el ectric Slﬁﬂ%i out put_from alqlg$

out i ticaé.se sor. 16. The
XcCof S AT 15 S PRI ¥ sai d

stage i s novabl di sposed in a direction pg&&ggdicglar to the neasuring 15
[ I

beam applied t
appar at us

SHMY BFYHRBNVEY P AP TDS Thi qGari t§PRSpedt itnG

according to claim15 , wherein said beamsource is a

nul ti-col or bedt®3®ar eB1tEsd THemf Semdgkadm ywansfedtd e kppakbieen 20
according to claim15 , wherein each of said application devices has a
wavel engt h sel eetlmh nechanismto sel ect beans havi ng wavel engths in

di fferent

ranges, a mrror to guide the beam sel ected by said wavel ength

sel ecti en nmechani smto s pseteter nseedodi wetthomecande2 9hNOV 2005 40a an
expansi on optical system which expands the beam

10

15

20

reflection beam reflected by said silicon film when
applied by said application devices to convert said
reflection beam into an electric signal; and

a film quality inspection device which inspects
the film quality of said silicon film based on said
electric sigral output from said optical sensor.

1l6. The film quality inspecting apparatus
according to claim 15 , wherein said stage is movably
disposed in a direction perpendicular to the measuring
beam applied to said silicon film.

17. The film quality inspecting apparatus
according to claim 15 , wherein said beam source is a
multi-color beam source.

18. The film quality inspecting apparatus
according to claim 15 , wherein each of said application
devices has a wavelength selection mechanism to select
beams having wavelengths in different ranges, a mirror
to guide the beam selected by said wavelength

selection mechanism to a predetermined direction, and



.guided by said mrror to apply said beamto said silicon film 19. The
filmaquality inspecting apparatus 5 according to claim15 , whergigny@eaimghs
optical sensor is a two-dinensional sensor.

{a

an expansion optical system which expands the beam
guided by said mirror to apply said beam to said silicon
film.
19. The film quality inspecting apparatus
5 according to claim 15 , wherein said optical sensor is a

two-dimensional sensor.



