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WWM 2* METHOD OF LASER | RRADIATION 5
he present invention relates to a

met hod otisdi@ser irradiation with which an anorphous
silicon filmon a translucent substrate is irradiated
with |aser beans. Background Art110 Liquid crystal

 disptays (t€b—are now used which use, as a pixe
' insul ated gate type thin filmtransistor
’mﬂmﬂm “WWI# of anor phoOsEsBl €CcBnI PaTSIL)0 Wowever, a
thin T

ansi stor using anorphous silicon, which

has “¥'PBw el ectric field 15 mobility ( FE) of at nost
1 cn2/Vs, has capabilities insufficient to inplenent
a liquid crystal di sPFEJCPna¥i HHSERNIGRABERT AP on,
operating at high speed, and providing excellent
functions. -In contrast, a thin filmtransistor using

520 pol ycrystal silicon andTQéRQﬁSEP by fdlaser annea
process of irradiating an anor phous siTron | ayer with

- excinmer | asefie beas®e hasi et £64 1+&1 {4 &L e grobiddiyoqofs 1
about 100 o/ Vs to 200 cnp/ Ve This “Thi & thitn T 1ed 5T taser
tr ansiistmrdiast iexpecited ol qif ol dendvgioddineti onsh 25 1m on a
such as the capability of increasing the definition
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translucent substrate is irradiated with laser beams.
Background Art

Liquid crystal displays (LCD) are now used which
use, as a pixel switch, an insulated gété type thin
film transistor (TFT) formed of amorphous silicon
(a-Si). However, a thin film transistor using
amorphous silicon, which has.a low electric field
mobility (uFE) of at most 1 cm?2/Vs, has capabilities
insufficient to implement a liquid crystal display
having a high definition, operating at high speed,
and providing excellent functions.

In contrast, a thin film transistor using
polycrystal silicon and produced by a laser anneal
process of irradiating an amorphous silicon layer
with excimer laser beams has an electric field mobility
of about 100 cm?/Vs to 200 cm2/Vs. Thus, this thin
film transistor is expected to provide high functions
such as the capability of increasing the definition
and operating speed of a liquid crystal display and

the capability of allowing the integral formation of a
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and operating speed of a liquid crystal display and
the capability of allowng the integral formation of a
2 drive circuit. The |aser anneal process is a nethod
of irradiating an anorphous silicon layer on a gl ass
substrate that is a translucent substrate, with
excinmer 5 | aser beans. Specifically, the anorphous
silicon layer on the glass substpate is fornmed into a

pol ysilicon |ayer by properly setting the beam size
on the surface of the anorphous silicon |ayer, for
exanpl@iseteinguithe | ength of each beam at 250 nm
and its width at 10 0.4 mm oscillating the pul se beam
at 300 Hz, HMd l3Faduarngashpfetagsansi armdthoadodr ea

for each‘g Ise Furt hernore, an el enent that

det er i e ?ﬁ??ﬂeﬁﬁr?TP??%@HSn%b4+¢@@ biyeheorhi nglass

filmt th | | t
o i S étoéist 3“}” 1 e T e e b | L exciner
oL cq R S esggefl cajl{ efjl l as ?g‘?erﬁnéf?}}%u%f“flcon layer
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cal l-.ed fl uence.

pol ysidri aofe i (Hs&ﬁ% CONsd s 'tse e, fLygnce
However, a flglr}ence hlsgher t han aé%r% ue ﬂﬁgll 3 éééf S|lrle

to obtlaiye hixgh pXdeerifyordBnCien P s idd £0Ms P e eér‘?ct!r(é surface
field nobility at |least 100 cn2/Vs. However, as

fluen® ither easephahey e iHl i cdhel gyt n derZQe:’Qimple, settlng
pol ysi licaon further increases, but the polysilicon
becont& enitenedty aif; aleagﬁ*alhﬁsanatata 250 mm and its width at

0.4 mm, oscillating the pulse beam at 300 Hz, and
gradually shifting an irradiated area for each pulse.
Furthermore, an element that determines the
electric field mobility of the thin film transistor
using the polysilicon layer is the grain size of
polysilicon. This depends greatly on the energy
density of applied laser beams, what is called fluence.
Specifically, the grain size of polysilicon increases
consistently with the fluence. However, a fluence
higher than a value F1 is required to obtain high-
performance polysilicon of electric field mobility
at least 100 cm?/Vs.

However, as the fluence increases above F1,
the grain size of polysilicon further increases, but
the polysilicon becomes microcrystal grains at a
certain fluence value, that is, F2. Such microcrystal
polysilicon does not provide desired transistor

characteristics. The area between F1l and F2 is called
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25 certain fluence value, that is, F2. Such

m crocrystal polysilicon does not provide desired

transi stor characteristics. The area between Fl and

F2 is called 3 a fluence margin. The grain size of

pol ysilicon can be determ ned by etching the

polysilicon ayer wwth an etchant and using a

scanning el ectron mcrograph (FE-SEM to 5 observe the
grain size. This nmethod is used to select the fluence

of the | aser beans froman area in which the

pol ysi Ri Eébnenhas masgmewhat |arger grain size, that

is, the area between FI and F2. This sel ection enables

a thin fil mMhraBsRénoFiARdefoPOpYbYditbnonaandehdgt8gmined
10 the deered electric_field density to be obtai ned

regar dPBsE-OF A9 cERE aPAL ¥AbURECDT L9 8fF avi bhsahnetheant and

oscill atti in ity of . the | aser beam However, the
fIuencggﬁggg%n%ggﬁ?%%gi%l?%%r%%o@bcrﬂ%E%PPbéEE?%%@é to

Pet we , b Siye mal |, . 15 anges in |aser
beanse2$£%f?€g?§gt%fiéﬁséy% e f ﬁ%%p St d%%i%f%ng%n?eleCt
the areife betweere Rbr apkl F2a s i é?ﬁnﬁé S??%(Iﬁ]n%r?ggf)ggl %r; which

affects the nass production of t ransi st
made dofheabylkydilcioron Fugd hersevhat hﬁaéé&fr@ﬁa{%@we, that

depends on the nunber of pulse 20 irradiations of

| aser Yearsie Ao Hdrwderesrofapll BB, iTHBEi 841 80Sion enable

provide aonly a very small fluence margin. About 20

times Dftipul et i rian e e eadd yo v wiei i cdi Lengenaving

1dﬂ&f9i%ﬁ%ﬁéé§¥;gg Jfgcégfghgggfngéggf%yigoié; obtained
regardless of a certain amount of variations in the
Qscillation intensity of the laser beam.
However, the fluence margin, which is the above

described range between F1 and F2, is very small.

15 Changes in laser beams are likely to cause the fluence
to deviate from the area between F1 and F2. This
disadvantageously affects the mass production of thin
film transistors made of polysilicon. Furthermore,
the fluence margin depends on the number of pulse

20 irradiations of laser beams. About 10 times of pulse
irradiations provide only a very small fluence margin.
About 20 times of pulse irradiations barely provide a
fluence margin sufficient for production. Thus, it is
disadvantageously difficult to adjust the intensity of

25 the laser beams. |

The present invention is provided in view of this.

It is an object of the present invention to provide a



di sadvant ageously difficult to adjust the intensity of

25 the | aser beans. The present invention is provided
inviewof this. It is an object of the present
invention to provide a-4 nethod of |laser irradiation

whi ch enables the intensity of |aser beans to be
properly adjusted all over the surface of the

transl ucent substrate. Disclosuregof Invention 5
According to the present invention, there is provided

a method of laser irradiation conprising reflecting a
linear¢&lsed ¢tabefeoniaraiiavtohowhest @RabDsi €8¢ intensity
path of the |laser beam adjusting a width of the

| aser DealdF#T thearhoke bxiwrapestyi adjostédeal BseredOhe
bean1w@93§ Q%ti al_path is_bent by the mrror, by a

short axi s HondgeZ et TR B dF @We s Bga b@- anor phous
silicon sem conductor gn a,translucent substrate with
the | aser beam whose wdthHiPRYFReCShdP¥erkiendirection

g s adjuste ' t [ nogeni zer, , wherei n t he
15 intensi?yg%?E@ﬁgérgée$ﬁ%e§5$$%n df BEE R By there is

adj ustimg idde angendd dheidddsor, Wil the method of
| aser irradiation according to the presen i avention,?

the angifd eaft itrive amilrintdad sladh usd 88 St hatnd e S theng an
axi s honogeni zer can 20 adjust the short axis-w se

wi dt h OFft isch Hadderofhedamm  1aEwen,bddie; ADTYBoUSy o Wik h of
sem conductor on the translucent substrate is

i rr adit&ed a%iSth be@® |igsdrthe short axis direction of the laser

10 - beam whose optical path is bent by the mirror, by a
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short axis homogenizer; and irradiating an amorphous
silicon semiconductor on a translucent substrate with
the laser beam whose width in the short axis direction
is adjusted by the short axis homogenizer, wherein the
intensity of the laser beam is adjusted by adjusting
the angle of the mirror.
With the method of laser irradiation according

to the present invention, the angle of the mirror is
adjusted so that the short axis homogenizer can
adjust the short axis-wise width of each laser beam.
Then, the amorphous silicén semiconductor on tﬁe
translucent substrate is irradiated with the laser
beams each having its short axis-wise width adjusted.

» The intensity of each laser beam can be adjusted simply
by adjusting the angle of the mirror. This makes it
possible to properly adjust the intensity of the laser

beam all over the surface of the translucent substrate.



beans each having its short axis-w se w dth adj usted.
, The intensity of each | aser beam can be adjusted
sinmply 25 by adjusting the angle of the mirror. This
makes it possible to properly adjust the intensity of
the |l aser beamall over the surface of the

transl ucent substrate. 5 Brief Description of
Drawings FIG 1 is a viewillustrgting a | aser anneal

~apparatus according to an enbodi nent of the present

invention. 5 FIG 2 is a sectional view show ng a

liquid crystal disbtagfdeuhceiﬁamdﬁastubegwﬂﬁgﬂg the

| aser anneal apparatus shown in FIG 1. FIG is a
viem;illust?%@ing opta calepat hbust haoimgd shbiseAxaBneal
honogeni zers of the | aser anneal 10 apparatus shown

in FI GPPRTHYS FFY ARG evp 131 wtredimeniom f citte patdisent
throuq_\;g]ventional short axi s honogeni zers. FIG 5

is a v:%ev? 111UStrati ng how | eakage |ight occurs in

t he conventgonal, shor i.s. ho eni zers. , 15 Best .
5l\/bde f or CaP:l‘r:wyl nzgslgtgt%%éﬁsln%%aﬁ?%heW?kho‘“fje'?%r%nijeq‘t‘bd

t he drawistas, desgrdptd j | iV a met.ho
of | asoz:l\r{M i rradi gﬁfilgrftgcéégréé% r?lgant%?acgénurg%ogfdslln@&%? “Laser
the peesestl iappentiteis shdwisem anmeal; apparatus as a

| aser irradiation 20 apparatus, shown in FIG 1, is a
part of an EiSpariatius a tviatw nEMUfsactdasy i i 0 paths
crystal display (LCD -

through short axis homogenizers of the laser anneal

10 apparatus shown in FIG. 1.
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FIG. 4 is a view illustrating optical paths
through conventional short axis homogenizers.
FIG. 5 is a view illustrating how leakage light
occurs in the conventional short axis homogenizers.
Best Mode for Carrying Out the Invention

With reference to the drawings, description will

be given of a method of laser irradiation according to

an embodiment of the present invention.

A laser anneal apparatus as a laser irradiation
apparatus, shown in FIG. 1, is a part of an apparatus
that manufactures a liquid crystal display (LCD)
based on an active matrix system, shown in FIG. 2.
The liquid crystal display shown in FIG. 2 comprises
a insulated gate type thin film transistor (TFT) 3.
The thin film transistor 3 is used as a pixel switch
for the liquid crystal display and is formed by a

polysilicon layer 2 on an array substrate 1.



based on an active matrix system shown in FIG 2.

The liquid crystal display shown in FIG 2 conprises

a insulated gate type thin filmtransistor (TFT) 3. 25

The thin filmtransistor 3 is used as a pixel switch

for the liquid crystal display and is forned by a

polysilicon layer 2 on an array substrate 1. 6 The

| aser anneal apparatus shown in FEG 1 irradiates a

thin filmof anorphous silicon with generally

rectangul ar _exci ner | aser beans B as |inear beans

em tted by Bhpulaeeragenreslichpparxensnsictvoridersc. 1

(Xed) Iagg the thin filmbeing formed on one ngj or

surf ack’of ab‘F%s% bt Fale of samerrhens| sickiton with
t he anor phous

substrigf SPP FIG. 2. Thepn,
silicon Tayer Yo’?}ea?re %‘I”ralbv‘ae’f‘:“?% KRsadee s thes linear
gl ass gégmgrég teés?iqngff lég%%pégﬁ:er annealln loride

to convert to S|I|con

3 e | aBAIC AN NRR . APPA AL 5 %'%1@50.?%‘5 ung“rfi’g%sf“ajor

a laser oscillator 11 that 1s laser

osci | |sutrfierd hef excd s |age hgay B Jhe nt

| aser beans B oscillated by the Iaser 15 oscl ator 11
beconmsUbhstemt eshagieovon itrhermaur face of  the armr phous
silicon layer on the glass substrate 4. The exci mer

| aser beans'Bhscile ararpyouhesikbisem st |ortdd all over

are a sted 0 conse uently focus on the gl ass
subst r aﬂe 54” 9 18 SEargudtsite adtet éhuiat arublizcted to

f%é%r annealing to convert to the polysilicon layer 2.
Furthermore, the laser anneal apparatus shown in

FIG. 1 comprises a laser oscillator 11 that is laser

oscillating means oscillating the excimer laser beams

B. The excimer laser beams B oscillated by the laser

15 oscillator 11 become linear shape on the surface of
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the amorphous silicon layer on the glass substrate 4.
The excimer laser beams B oscillated by the laser
oscillator 11 are adjusted to consequently focus on
the glass substrate 4.

Mpreover, a variable attenuator 12 that is a
light attenuator is located ahead of laser oscillator
11 in the optical paths of the excimer lasér beams B
oscillated by the laser oscillator 11. The variable
attenuator 12 is of a voltage variable type and varies
the transmittance of the excimer laser beams 3.

A first mirror 13 as a total reflection mirror is

disposed ahead of the variable attenuator 12 in the



light attenuator is |ocated ahead of |aser oscillator
11 in the optical paths of the exciner |aser beans B
oscillated by the laser oscillator 11. The variable
attenuator 12 is of a voltage variable type and varies
25 the transmttance of the exciner |aser beans 3. A
first mrror 13 as a total reflection mrror is

di sposed ahead of the variable attenuator 12 in the 7
opti cal paths of the exciner |aser beans B having
passed through the variable attenuator 12. The first

ni rr oroRIBL Gt abdhs ed f eths ¢heimxci Mesetl as@indeRMaBing
to bend their optical paths to change irradiated 5

posi t IS STHNFuE the roaridhlie dtsembd ool sb2 as Thoe first

be pi_v.ot abl l.on | ane contai ning the optica
axes moJTr]i%eeJeicqorf%rla]ﬂgs%?ﬂb%% Hos¥¢inged dser Heeams B
m cro actuator (not
1

| -' . 11, D
Shown)" 10E TR RF BT I 115 <1 R 19 Rastiated

5renot ok iqaddLl  the angles of the incident excimer

10ahead
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| aser beans B. A plurality of tel escope | enses, for

exanpl e, OMEhe firsdt tﬂﬁﬁ&@%'f@sﬂs@é‘ﬁlé’&‘eséga@”@ be
tel escope lens 16 are coaxially disposed ahead of T he

first pdiviotaemn 13 alonkd o a0t idat atity afhd MHEXS MY xes

| aser beans B totally reflected by the first mrror

13. TRé frhestexcdmescdpeel drmndsS Bt dig £ the laser
tel escope lLens 16. adjust the exciner |aser beans B

to paP8Ffétatioghttl-A deceeyen, r romittd saivwpusednot shown)

igfi%g%alled at the first mirror 13 to remotely control
the angles of the incident excimer laser beams B.

A plurality of telescope lenses, for example, one
first telescope lens 1 and one second telescope lens 16
are coaxially disposed ahead of the first mirror 13 in
the optical paths of the excimer laser beams B totally
ref;ected by the first mirror 13. The first telescobe
lens 15 and the second telescope lens 16 adjust the
ex;imer laser beams B to parallel light.

A second mirror 17 is disposed ahead of the
second telescope lens 16 in the optical paths of the
excimer laser beams B having passed through the second
telescope lens 16. The second mirror 17 totally
reflects the excimer laser beams B to bend their
optical paths to change the irradiated positions in a
direction different from the direction of the irradi-
ated positions established by the first mirror 13.

The second mirror 17 is installed so as to be pivotable



20 second tel escope lens 16 in the optical paths of
the exciner |aser beans B having passed through the
second telescope lens 16. The second mirror 17
totally reflects the exciner |aser beans B to bend
their optical paths to change the irradi ated
positions in a 25 direction different fromthe
direction of the irradi- ated posigtions established by
the first mrror 13. The second mrror 17 is installed
so as to be pivotable 8 along a plane containing the
opti catlaxesaoplahe cexcateingasks Hsars,B Qﬁééngf the
passed through the second telescope lens 16. A first

| ong a&¥%1%%ﬁnb@ﬁ¢§ebe€msahdhavsm@qmﬂsséﬁlt%@b@qhsthe second
honogeni er 22 as |long axis honogenizers (LAH) are
coaxi atf %?%%%s%ﬂ“%hg%d of the second mrror 17 in

the opti cal pgthsto t he exciner |aser beans B
totally ref] ebt At b o?%eaéb%omﬂn%g?¢b¥eq721T%@dfarstcond

;and secoyl enj.zers 21 and 22 adjust the
by Méﬁ}hlnzo% each51 X Here s dionRagn wers

10 I ong axis-w se W

and t{nrs)i tSed rEcﬁ'BéLatM mes(gﬂsc?g} eag{c]%agxocg r{é{]eelsZegqgc?r?g mirror

mrror 17 is adjusted to pr

beam B Mlirh tH@UEXIAUBAHELRS (phe @oddiod N& SIS Heans 5
| ong axi s 15 honogeni zer 21 and the second ong axis

honogéifitadrl 22 e fdam tadi kgt tiee sle@dﬂmcﬁ&u%'r\Mzsqw dithdfeirst
the excinmer |aser beam B t hrough zoom ng, whil
setti Rg% K@y loari sxiiss doheygiti zefrst 17 exei HZQT adjust the
Iaser bean1B .at a

ng axis-wise width of each excimer laser beam B and

thus its intensity.
The pivot angle of the second mirror 17 is
adjusted to provide each excimer laser beam B with

the maximum intensity so that the first long axis

15 homogenizer 21 and the second long axis homogenizer 22
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can adjust the long axis-wise width of the excimer
laser beam B through zooming, while setting the long
axis-wise length of the excimer laser beam B at a
predetermined value, or uniformly maximize the long
axis-wise intensity of each excimer laser beam B.
Furthermore; a long axis condensing lens 23 as a
condenser lens is disposed ahead of the second long
axis homogenizer 22 in the optical paths of the excimer
laser beams B having passed through the second long
axis homogenizer 22. The long axis condensing lens 23
corrects the waveforms of the excimer laser beams B

having their long axis-wise width adjusted and their



predeterm ned val ue, or uniformy maximze the long 20

axi s-wi se intensity of each exciner |aser beam B.
Furthernore, a |long axis condensing lens 23 as a

condenser lens is disposed ahead of the second | ong

axi s honogeni zer 22 in the optical paths of the

exci mer |aser beans B having passed through the

second | ong 25 axi s honogeni zer 22. The long axis
condensing lens 23 corrects the waveforns of the

exci mer | aser beans B having their |ong axis-w se

wi dt h bepaistetdsantlsé hentefsitpngafxisz8biseyi thensityt long
maxi m zed by the first long axis honogenizer 21 and
secon®P¥bhgheaxegenbreyenl zend 29cotiel boygamks shomogenizer
condeq;'ng lens 23 finely adjusts the focal distances

of the %xoi%%@ }Rerapbangomlens by ebors , 22 fimely adjusts

short | s. honpgeni zer 24 apd a second short axis
honoge%i%efro nPacgl%g%W??\d? cHPe | eXSImeF r hySaF eams B.

Tons 23 |n tRE-O0TT bal BCRE DROFhGoEkEi REPOSTACERE 24 and a

lens 23 in the optica

beams dbdsd NehPRsSee 4 &y&% i o
condensi ng | ens 23; t%ehﬁirs iﬂ%?%qggfggﬁin%ékﬁﬁéﬁﬁcal lens
24 anthifwy saoontbHN0A11 axd SspsRgemeed b @e ﬁ;}%ta%xis

0

axi s honogeni zers (SAH) that adjust the short axes
t he exaimiEnd iaserldreanss Bin Titee S@SONCh B Eh@Xb 6 the excimer

honogeni zer 25 is |located on the optical axis of the
15 fi rlgsshdrqanxiB honoye maese @4t meaugh hehd onarsg ofxis
lothg first shprt axi s hopn eni zer 24. The fifst shortl
axi s W%rlqm Bt sleicostd short awsd s homogenizer
hOﬁDg%ﬂlég&i%%e second short axis homogenizer 25 are short
axis homogenizers (SAH) that adjust the short axes
of the excimer laser beams B. The second short axis
homogenizer 25 is located on the optical axis of the
15 first short axis homogenizer 24 near the focus of the
first short axis homogenizer 24. The first short axis
homogehizer 24 and the second short axis homogenizer 25
constitute a short axis homogenizer 20.
Here, the first short axis homogenizer 24
20 comprises first segment lenses 24a that are a plurality
of convex lenses, as an array lens, as shown in FIG. 3.
Each of the first segment lenses 24a has a segment
with radius of curvature r of 219. Furthermore, the
first segment lens 24a has a focal distance f of 438
25 and causes the beams to have a diameter of 0.1 mm on

the second segment lens 25a. The first segment lenses

24a are arranged on the same plane in parallel so that



constitute a short axis honogeni zer 20. Here, the
first short axis honogeni zer 24 20 conprises first
segnent | enses 24a that are a plurality of convex

| enses, as an array lens, as shown in FIG 3. Each of
the first segment |enses 24a has a segnent wth
radius of curvature r of 219. Furthernore, the first
segnent | ens 24a has a focal distlahce f of 438 25 and
causes the beans to have a dianeter of 0.1 mmon the
second segnent |ens 25a. The first segnent |enses 24a
are arfhgedl oms tdrt seark pteaneaie parallel sdthhahe 18nother.
their lens optical axes are parallel with one another.
Mor eover, thRre_¥ehd &herseaxnd ﬁbﬁ@@eﬁxtérbomggenizer
conpr :ﬁfs a second segnent | enses 25a that are

pl ural‘ity S onvesd | ‘?1%%% ERTEOF %?fés%%c%%l 'Shat are
segne s osed on th ti ath of
t he cggr espondlgrfa?l rst Segnent- T ens %1 %C%‘ﬁﬂond

$egﬁer§egln%}§tesle2r@esar235§rf§@le§pc9§?& he, sare <9 ara jreq)ath of

parallel” so that their lens opti axes are

Wi th ane anthediporfiiitder e, s&ardhof14he §@§ondTl:l-Q nsecond
segnent | enses 25a has its optical axis coincide wt

t hat ofeantentcdreresporiiang fd ratrasgEndn | ens 24he plane in
Mor eover, the second segnent |ens 25a has the sane

r adi u§ac¥falc1tﬁr3va’ft%r’fé’la¢s ttheditr ofentsheomoraal pones ngré i pstallel
segnent, | ens 24a. The span between the first segnent

15 | effd By LT RNt Sor r ayorh 1 Boc FrREs egfrethe | sasond

1025a is 460
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segmengnTenses 25a has its optical axis coincide
with that of the corresponding first segment lens 24a.
Moreover, the second segment lens 25a has the same
radius of curvature as that of the corresponding first
segment lens 24a. The span between the first segment
lens 24a and the corresponding second segment lens 25a
is 460 mm.

The pivot angle of the first mirror 13 is adjusted
SO as to set the intensity of each excimer laser beam B
to the appropriate or maximum value so that the first
short axis homogenizer 24 and the second short axis
homogenizer 25 can adjust the short axis-wise Width of
the excimer laser beam B through zooming, while setting
the short axis-wise length of the excimer laser beam B
to a predetermined value, or uniformly maximize the
short axis-wise intensity of each excimer laser beam B.

A short axis condensing lens 26 as a condenser

lens is disposed ahead of the second short axis



The pivot angle of the first mrror 13 is adjusted so
as to set the intensity of each exciner |aser beam B
to the appropriate or maxi numval ue so that the first
20 short axi s honogeni zer 24 and the second short axis
honogeni zer 25 can adjust the short axis-w se w dth of
the exciner | aser beam B through zoom ng, while
setting the short axis-wi se |length of the exciner
| aser beam B to a predeterm ned value, or uniformy
maxi m ze the 25 short axis-wise intensity of each
exci meforageripenn?B. in Atshoopt Axa s LOOKENST Nghé eagc 2ber
as a condenser |lens is disposed ahead of the second
short BXTSF 12°2RSnBgeny e PES$edt heropyh colhe ps¢dsnof short
the exg per, |aser. beans B havin%hpassed,throu h the
second Short %&?%lﬁ%ﬁg%%niz%?eZ oqheahpreongérsing lens
condensg orrects the vef orns, of the

e e R B A TR TRUS by 1of e s i s beans B

exci ner | aser beans

sM dt h regly sd echand 14l raxiéj—rkgi%i&%ﬂﬁgaec%ﬂnés:{]esc%y%q}dtheir

maxi m zed by the first” short axis hono
second.aprax i SOMUesH Z i i te i s
condensing lens 26. finely E?jtﬁﬁ%ﬁdﬁgﬁg§f cé?ﬁg Pirst short
di st arfotiss dfontdgeredasi x4 |asersdes® Bio 0 Aifd &ldhogenizer
l ens 27 is disposed ahead of the short axis
conderfsi ng Tenssieerti mxtive aptdered iraxesrmd 2d1er i @XG) B usts
Iaserégga B havi ng passed the short axis condensing
| ens 26'¢ THREF] didtiare e adihstaxaimer flocar deptris B.

B. Further 15 nore, a focus

1 of the excier. l.aser be
Olit 29 isAd_itrslpeo]scggleé}Feg)deo‘fs tHeSHQ%dH ahead of the short

axis condensing lens 26 in the optical axes of the
excimer laser beams B having passed the short axis
condensing lens 26. The field lens 26 adjusts the

focal depths of the excimer laser beams B. Further-

15 more, a focus slit 29 is disposed ahead of the field
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lens 27 in the optical paths of the excimer laser beams
B having passed through the field lens 27. The focus
slit 29 acts as a focus checking gap having a gap 28
‘used to check the focus.

Moreover, a third mirror 31 is disposed ahead of
the focus slit 29 in the optical paths of the excimer
laser beams B having passed through the focus slit
29. The third mirror 31 bend the excimer laser beams
B by, for example, totally reflecting them at 90°
Furthermore, an image surface curvature correcting
lens 32 is disposed ahead of the third mirror 31 in

the optical paths of the excimer laser beams B having



lens 27 in the optical paths of the exciner |aser
beans B havi ng passed through the field lens 27. The
focus slit 29 acts as a focus checking gap having a
gap 28 wused to check the focus. 20 Moreover, a third
mrror 31 is disposed ahead of the focus slit 29 in
the optical paths of the excinmer |aser beans B having
passed through the focus slit 292 The third mrror 31
bend t he excinmer |aser beans B by, for exanple,
totally reflecting themat 90 25 Furthernore, an inmage
sur f adeesigdathwreughrteet imprd Irehsr32 3%. di Bpositage surface
ahead of the third mrror 31 in the optical paths of
the exXdHTErtYER 5O PeRMEL B hisi g3 Copeesies i otgtved
the third nirrog ge surface curvature

1. The i
cor r ecttf G oyt 3 "éo’r’?i‘%‘% STPHREL R W ehe st F HpRr of 29 beams.
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orof el e Tes AAGREe T BTe % SR Mot b = S

g ens, julispased ahead; of; sé.meas&“cgﬁctehetjhnéa%? surface

10 exXcimer

curvature correcting lens 32 in the optical pa

the exair®itdms afo heasmi By hawi 3 passedhd fkszgsiy%:%l thehs

i mage surface curvature correcting |eans 3

proj ectfi drhd ensci3@r edunes HdmmdbeRmav tid s ea€hcdfugh
excimer |aser beans B down to, for exanple, one-fifth.

The gltdss igfes rerfakce scumnsitltedateact oig theans 32.  The
projection lens 33 in the optical paths of the exciner

| aser IBEHRC B HaAe pbbs s udroudie thramproj dtch i oh each

| ens 33. The gll ass sbubstrate 4 is installed so that
aser peams B down to, for example, one-fifth.

The glass substrate 4 is installed ahead of the
projection lens 33 in the optical paths of the excimer
laser beams B having passed through the projection

lens 33. The glass substrate 4 is installed.so that

15 the amorphous silicon layer on the glass substrate 4 is

directed toward the optical paths of the excimer laser

beams B.
On the other hand, a beam profiler 35 is mounted

on the laser anneal apparatus as an inspecting device

20 that measures the shapes of the excimer laser beams

25

B on the glass substrate 4. The beam profiler 35

is installed ahead of the projection lens 33 in the
optical paths of the excimer laser beams B having
passed through the projection lens 33. When the
amorphous silicon on the glass substrate 4 is subjected
to laser annealing, the beam profiler 35 stands by at

a position where it does not cross the applied excimer



15 the anorphous silicon |layer on the glass substrate.
4 is

| aser

directed toward the optical paths of the exciner
beans B. On the other hand, a beam profiler 35

is mounted on the |aser anneal apparatus as an
I nspecting device 20 that nmeasures the shapes of the
exci mer | aser beans B on the glass substrate 4. The

beam
| ens

profiler 35 is installed ahead of the projection
33 in the optical paths of the exciner |aser

beans B having passed through the projection | ens 33.

When

t hes@5 heenphBus Eutilkermonet hehgl assmspbstiate 35

is subjected to |laser annealing, the beamprofiler 35
st ands"BYSEEC A pRikeIn sheresief doks emtimenstashe beams B

appl i
beam

ed.exciner 13 | aser beans B. Furthernore, the
oFOrFT e’g‘e%a“%%s% esh¢ nel b mshapesl dfhapebeen

exci be fter the angle of the first
nirrgsgﬁ. é%dbégﬁsdéiﬁéknéhﬁ ?%F%%f%%taT%%e$o?%tF%© first

sangl esniofrdher §i4sd &cfgr{cf %Jb o2 sgeor d}]% L%l;%% n%'}Zﬁ:imer

at which the exciner |aser

| ntenslidse st meagh Hihaddie ong anfud hoileax
directions. Here, the beam profiler 35 nmake

eans have
%@y in each of

measurtdreentorghemd athdrterdx igasdi reddiesheam profiler 35
is replaced with a 10 fresh one, for exanple, once a

day,

nmore SprRXs fitds Iheat tmro £ 1e3 S | asles s beaasu Be®ént when

300- Hz pul ses have been applied 2 X 107 tines, that

is, e

VEY PR SS Ssuri v Padim o raf idreencs tis Rtéplased with a

description wll be
10 é%eé% one, g%r example, once a day, more specifically
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after excimer laser.beams B of 300-Hz pulses have been
applied 2 X 107 times, that is, every 18.5 hours.

Now, with reference to FIG. 2, description will be
given of the configuration of a liquid crystal display
manufactured using the lasér irradiation apparatus.

The liquid cry;tal display comprises the array
substrate 1. The array.substrate 1 comprises the glass
substrate, which is substantially transparent and has
an insulating property. The glass substrate 4 has a
size of, for example, 400 mm X 500 mm. An undercoat
layer 41 is formed on one major surface of the glass
substrate 4 to prevent the diffusion of impurities from
the glass substrate 4. The undercoat layer 41 is
composed of SiNx and SiOx and formed by a plasma CVD
process.

An island-like polysilicon layer 2 is formed on

the undercoat layer 41. The polysilicon layer 2 is



given of the configuration of a liquid crystal display
15 manufactured using the |aser irradiation apparatus.
The liquid crystal display conprises the array
substrate 1. The array substrate 1 conprises the glass
substrate, which is substantially transparent and has
an insulating property. The glass substrate 4 has a 20
size of, for exanple, 400 mm X 504 mrmm An under coat

| ayer 41 is formed on one mgj or surface of the gl ass

substrate 4 to prevent the diffusion of inpurities
from foengliasg subséiiatend. tAbeands m&gétsiﬁy@5n4ﬂ%§ér

conposed of SiNx and Si Ox and formed by a plasma
25 proteresipedighande| gkesposylsstigon LayeftR tiSe excimer

formed on the undercoat |ayer 41. The polysilicon

| ayer %??%Flﬁea$%rﬁeﬁobyla$¢ada@m$@glm@e amor phous
silicon layer deposited on the glass substrate 4,
with the exci #@re ?é%%? BLiFs4B FORPPas@rofinnéari agample, a

ate e In14 osed of, for, exanple, a 5
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for WECE&QnéJ‘eorp(%lYege;L 11%&{ dga and nde g;.grha %cgat layer

41. A gate electrod npose

tungstan alz an‘&é\/té/ﬂeétsrct&é negl o), &ee@aé@ m@gazémm-

42. The polysilicon Iayer 2, the ate oxide fi
10 t hewatsr el ectrodeMa3y) ang eihess §0rRd hgeawl&lde £film

film transistor 3. FurthernDre a source region 4

and a4d-ai Theegiwdnysilicon layer 2, the gate oxide film 42,
the gate electrode 43, and others form the thin film
transistor 3.

Fufthermore, a source region 44 aﬁd a drain region
45 in both of which impurities are doped are formed in
the areas at the respective sides of the area of the
polysilicon layer 2 located immediately below the gate
electrode 43. The area of the polysilicon layer 2
located immediately below the gate electrode 43 is not
doped but constitutes a channel region.

An interlayer insulating film 47 composed of a
silicon oxide film or the like is formed on the gate
oxide film 42 and gate electrode 43. First contact
holes 48 and 49 are formed in the interlayer insulating
film 47 and gate oxide film 42 so as to penetrate the
interlayer insulating film 47 and gate oxide film 42.
The contact holes 48 and 49 are formed in communication
with a source region 44 and a drain region 45,

respectively.



45 in both of which inpurities are doped are forned in

the areas at the respective sides of the area of the

15 polysilicon layer 2 located i medi ately bel ow the

gate electrode 43. The area of the polysilicon |ayer

2 located imediately below the gate electrode 43 is

not doped but constitutes a channel region. An

interlayer insulating film47 commsed of a 20

silicon oxide filmor the like is formed on the gate

oxide film42 and gate el ectrode 43. First contact

hol es 48 andl dQumce ébecedodd She a&ntesinyelectrode 52, and
insulating film47 and gate oxide film42 so as to _
penet rat®Edmel imer (rglershownl afongsdpp hy d7g antdggat e are
oxide film42. 25 The contact holes 48 and 49 are

f or medt DRI Rt I e A¥E B Kotk ket togi Bhlm4d Andthe source

res urce el ectrode

dr ai i.on 45, ively. 15 A
510 o WA Rt G S Lo ST R TH g nbtined a5 a

h : I ' d th
Therizyord iR A R T TRy Sherbrece 51

51 anc il aish ol OldO0RE2 21.€ 108 TBMk 38 4,51 SPEre formea |

i nterconnect |ayer. The source ectro
drai n eff ectgrodecdblant thev-stdhadcdnde Reeafosaed as

of, for exanple, a lowresistance netal such as

10

al um rimniAyn (e sourtee sdhentd odbeSdrode ebeci§i €Bébyrically
connected to the source region 44 via the first '
cont aceTrE A% U8 .tIst rdurds, radieonir 44 v ed eche ofler §2 contact

is electri- caluy connected to the drain region 45 via
48. imilarly, the drain electrode 52 is electri-

the fi €
cally connected to the drain region 45 via the first
contact hole 49.
A protective film 53 is formed on the interlayer

insulating film 47, source electrode 51, and drain

15 electrode 52. A color filter 54 in three colors,

20

25

for example, red, blue, and green is formed on the
protective film 53. A second contact hole 55 is formed
in the protective film 53 and color filter 54 so as to
be in contact with the drain electrode 52.

Pixel electrodes 56 that are a transparent
conductor layer are disposed on the color filter
54 in a matrix. The pixel electrodes 56 are electri-
cally connected to the source electrode 51 via the
second contact hole 55. Furthermore, an orientation
film 57 as a protective film is formed on the pixel
electrodes 56.

An opposite substrate 61 is disposed opposite



contact hole 49. A protective filmb53 is fornmed on the
interlayer insulating film47, source electrode 51,
and drain 15 electrode 52. A color filter 54 in three
colors, for exanple, red, blue, and green is forned
on the protective film53. A second contact hole 55
is formed in the protective film53 and color filter
54 so as to be in contact with tilée drain el ectrode
52. 20 Pixel electrodes 56 that are a transparent
conductor |ayer are disposed on the color filter 54 in
a mat rihe pihee hiedeictetaiey ddes 761 arpped 8ot rd tecatdde 62
connected to the source el ectrode 51 via the second
cont ackS HA sk orF aishevaior e, swif astd ekt difiorr@® iten
57 as a_pr.otect is formed on the pixe

OIS
ol ect rOESH-© A1 JBHSH! e QRRATERR O KL s ks rodes 6.
ol oot PETERE ] @ Pl ST o br SO THRP o] Rpcreen

el ectro [ on ‘one

0pposid Sulst rats Gy ;d”ﬁ :%u?cgpegfa{yﬁsrfag{ rkgtbo%es(zealte 1 and

el ectrodes 56. Mbr eover,

i nt er poseddppisgan & dde-die e e dHOgHRE @ dlistrate 61.

array substrate 1 and the opposite el ectrode 62 on
t he opposi towubsds@tphilon NOM, WeSETdert ION Mhdthed of

given of a nethod of manufacturing a |iquid crystal
di spl @&pnisiany uhiend aseriquird adivettizon dipgerat ussirkp) the laser
First, a silicon oxide filmor the like is
irradiation apparatus.
10 First, a silicon oxide film or the like is
formed on one major surface of the élass substrate 4
by the plasma CVD process to form the undercoat layer
41. Subsequently, an amorphous silicon layer of film
thickness 50 nm is formed.
15 Then,.the amorphous silicon layer is thermally
treated in a nitrogen atmosphere at 500°C for
10 minutes to reduce the concentration of hydrogen in
the amorbhous silicon layer. On this occasion, the
amorphous silicon layer is measured by a spectral
20 ellipsometric process to have a film thickness
of 49.5 nm.
Subsequently, the glass substrate 4 is transferred
to the laser anneal apparatus.
Then, the angle of the first mirror 13 is adjusted
25 SO0 as to maximize the short axis-wise intensity of each

excimer laser beam B. Furthermore, the transmittance

of the variable attenuator 12 is set at 85%.



formed on one maj or surface of the glass substrate 4
by the plasma CVD process to-formthe undercoat |ayer
41. Subsequently, an anorphous silicon |ayer of film
t hi ckness 50 nmis forned. 15 Then, the anorphous
silicon layer is thermally treated in a nitrogen

at nosphere at 500C for 10 mnutes to reduce the
concentration of hydrogen in the7anorphous silicon

layer. On this occasion, the anorphous silicon |ayer

is nmeasured by a spectral 20 ellipsonetric process to
have a fil Mnhiltknessatef #Y8e5ghass Ssihiseguene! ¥, wibe the
gl ass substrate 4.is transferred to the |aser annea
appar &WSeTHEH: Lehec by @roden hen fihetameyplooud 3sikicon
adjusted 25 sp as to nmpxi mze the short axis-w se
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si-licon layer uced 1's 1ns | edon a“stage |

shown)amobphsiis2ass 1 Scdved, Parsl [ ele Wihsd Cﬁ\fkﬁ%@féte 4

axes of the 5 beans at a pitch of 20" gm

i rradivaitimg Hehee xaimphicise Sidd 400 B aVeF1i0) 4 hen@h@ssxis of

substrate 4 with the exciner |aser beans B having a

short widtdr gfbouti tdD about 40@ gmorPheuaneridhieiss: layer is

silicon layer is thus subjected to | aser annealing to

convertius syhgected to laser annealing to convert to the
polysilicon layer 2 with the desired crystal grain
size. On this occasion, each point on the glass plate
4 is irradiated with a laser pulse 20 times.

Then, the excimer laser beams B oscillated by
the laser oscillator 11 at 300 Hz are set to be linear
and to have an irradiation size of 250 mm X 0.4 mm.
The glass substrate 4 is moved at 6 mm/s. As a result,
every time one shot of the éxcimer laser beams B is
applied, the glass substrate 4 is moved at a pitch
of 20 um.

Then, the polysilicon layer 2 is patterned.
Thereafter, the gate'oxide film 42 is formed 5y the
plasma CVD process or the like on the glass substrate
4 including the polysilicon layer 2.

Then, a first interconnect layer is formed on
the gate oxide film 42 by a sputtering process. The
first interconnect layer is etched to form the gate

electrode 43.
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10 polysilicon layer 2 with the desired crystal grain

size. On this occasion, each point on the glass plate

4 is irradiated with a | aser pulse 20 times. Then, the

exci mer | aser beans B oscillated by the |aser

oscillator 11 at 300 Hz are set to be linear 15 and

to have an irradiation size of 250 mm X 0.4 mm The

gl ass substrate 4 is noved at 6 mgs. As a result,

every time one shot of the exciner |aser beans B is

applied, the glass substrate 4 is noved at a pitch of

20 gm 20 Thebsetyhenpalyskl pﬁ@'ﬂollaxabgzapﬁyp@%%naqe is used
Thereafter, the gate oxide film42 is forned by t
pIasnatQN@ppmoCbsssonrtherégkenom4thEdgtBSSdsubﬁttageon 45 at
4 including the polysilicon |ayer 2. Then, a first
|ntercBHﬁeE?SPSQEFVPsS#@?ﬁBGfothZEOﬂhelgacanokager 2. The

The first
| ntor coRnbcEL PRy eFane S Bhcd to Fbih Pﬁ:@égﬁ?é The sourcs
8 t i t hograp
Techni B0afT 4 canTolRe HETHe boRHEE ogron ARG PHeusing
drain regiop &geéttotg cﬁe§ﬁ505%¥$ %gggrOf t?§3 ag a mask to

pol ysilicon | ayer 2 ransisto

t hus eiC fhe §§U§§§h5 & €85 P8n 448 Andr t Do SLAL P
reglogdﬁg afgp?orn%d by u3|%g res?s? ﬁseﬁ ?ooe%cﬁ The

gat e etleetapees 43; @ise aramskct Ove dOP&es NPErihie oﬁﬁgblicon
as boron (B) or phosphorous (P) in the areas a
respectiyers? des af ide popirsglprotess or the like. At this
10 time, the part of the polysilicon layer 3 located below
the gate electrode 43 constitutes a channel region.
Then, the interlayer insulating film 47 is formed
on'the_gate oxide film 42 and gate electrode 43.
The first contact holes 48 and 49 are then formed in
15 the interlayer insulating film 47 and gate oxide film
| 42. Subsequently, a layer of a low-resistance metal
is formed on the interlayer insulating film 47 by the

sputtering process or the like. The layer is then

patterned to form the. source electrode 51, the drain

20 electrode 52, and the signal line.

Then, the protective film 53 is formed on the
interlayer insulating film 47, source electrode 51,
and drain electrode 52. Then, the color filter 54 is

formed on the protective film 53.

25 Moreover, a transparent conductor layer such as

ITO (Indium Tin Oxide) is formed on the color filter

54. Then, the transparent conductor layer is etched
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| ayer 2 by an ion doping process or the like. At this

10 tinme., the part of the polysilicon |ayer 3 |ocated

bel ow the gate el ectrode 43 constitutes a channe

region. Then, the interlayer insulating film47 is
formed on the. gate oxide film42 and gate el ectrode

43. The first contact holes 48 and 49 are then forned

in 15 the interlayer insulating ¥f3|1m 47 and gate

oxide film 42. Subsequently, a |ayer of a

| ow-resistance netal is forned on the interlayer

i nsul at® ngefm| vhd7phyet helespudvdiesi H§. process or the
like. The layer is then patterned to formthe. source

el ectrode 53UbshguEnbly, 20hel eeppoiibe5eleahdotdteél and the
signal _line. Then, the protective filmb53 is forned on
the (MY ayerSThRLtati dbefitsrayed soppesl & cea¢lbdether.

51, drain_ el ectyode 52. en he color filter,K 54
Cs oD P TS ITeErP%s 971 s shOTHES MR coer e Or
rans o) r u T I ndi um Tin
i de) et e e oRPYE o e e fRrodd bt AT g opposite
transpaed r £Ndueh O rd@yer . is etched 19 to formthe
pi xel el ectrodes 56. Subsequently, the opposite
el ectrode 6lhand the 1agtay supPstaate3liarensispegeletween
opposite each other. The opposite electrode 62 is
f or mectloh aprosEf@rsBosurd aees bf andetiopposide substrate 1 to
el ectrode 61 which is opposite the.array substrate 1.
Then, SR I¢%RIY ErystdlcoBstal i i seiay. bet ween

10 As described above, according to the present

embodiment, the laser anneal apparatus provides the
excimer laser beams B of short axis-wise width about
400 pum, and the stage with the glass substrate 4

placed on it is moved parallel with the short axis

15 ~ direction of the excimer laser beams B at a pitch of

20 pm. Thus, each point of the glass substrate 4 is
irradiated with the laser pulse'of the excimer laser

beam B 20 times.

In this case, in the prior art, the excimer

20 laser beams B of short axis-wise width about 400 um

are optically adjusted at a laser oscillation frequency
of a low pulse frequency of about 1 to 50 Hz, more
preferably 25 Hz. That is, the laser oscillation

frequency is reduced because conventional CCD profiler

25 cameras that display an analysis chart formed through

adjustment have a low loading speed and cannot follow

a frequency of 300 Hz and because a display screen for



the opposite substrate 61 and the array substrate 1 to
conplete a liquid crystal display. 10 As descri bed

above, according to the present enbodinent, the | aser
anneal apparatus provides the excinmer |aser beans B

of short axis-wise width about 400 gm and the stage

wth the glass substrate 4 placed on it is noved

parallel with the short axis 15 digection of the

exci mer | aser beans B at a pitch of 20 gm Thus, each
poi nt of the glass substrate 4 is irradiated with the

| aser tput senafydéhe exsitenatasely Hepsw Br@brébRespeda.

this case, in the prior art, the excinmer 20 |aser

beans B of Whenttlaxi smergeowsdshlabont 1408rgon ahe substrate
optically adjusted at a |l aser oscillation frequency

of a bW HASHFrEyuerryebtedbbuto 1the BOlyeilhoee layer 2,
prefer 25 Hz. That is, the laser oscillation
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the substrate 4 is actually converted into the

pol ysilldszon Heaytey R, emithee®Xsy NBie | BSSs r heaws) Babaver a
| aser oscillation 5 frequency of 300 Hz, which is one
or der €hihghert trietnire tdhiaff £ obser vexbrlurhaty ¢kieiloptédait a
adj ustnent, that is, 1

10 low_frequency. The beams have a larger spread angle
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at 300 Hz than at 50 Hz or less. Furthermore, the
orientation of laser pulses at 300 Hz is different
from that at 50 Hz or less.

Thus, in the prior art, the first short axis
homogenizer 24 having a radius of curvature r of 170
is combined with the second short axis homogenizer 25
having a radius of curvature r of 219, with the span
between the first short axis homogenizer 24 and the
second short axis'homogenizer 25 set at about 480 mm.
Thus, the excimer laser beams B are shaped ﬁo have
a short axis length of about 400 um on the glass
substrate 4.

. Here, the focal distance f of the first short axis
homogenizer 24 can be determined from 1/f = (n-1)/r.
Since n is 1.5, the.focal distance f is 2r. Accord-
ingly, the first short axis homogenizer 24 has a focal

distance f of 340, which corresponds to the vicinity



to 50 Hz. At such a high frequency, the exciner |aser
beans B emtted by the |laser oscillator 11 exhibit
nature different fromthat exhibited at a 10 | ow.
frequency. The beans have a | arger spread angle at

300 Hz than at 50 Hz or less. Furthernore, the

orientation of |aser pulses at 300 Hz is different

fromthat at 50 Hz or |less. Thus,2in the prior art,

the first short axis 15 honobgeni zer 24 having a

radi us of curvature r of 170 is conbined with the
secondoshone @exse hombgene z8ir26 ahdvsagomdrsidous akis
curvature r of 219, with the span between the first

short RXTIPRhERYENi 2erand 2hd the tRbsopasehopvingito their
honogeni zer 25 set at about 480 mm 20 Thus, the

exci metPTeRLrabEes B 29% Rhapklye t @*piaer s2shbrpeaRssB have
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25 Since nis 1.5 oca st ance cord-

ingly, the fhrsheshors, axhe hoppgenbzatned1based $95abs the
di stance f of 340, which corresponds™to the vicinity

21 offihet cender ofid heohdgsiiant secomnd sHOrsc@¥h8 segment
honogeni zers 24 and 25. In this case, owwng to their
spreadlemgg e 2ta 300 the sdeomkcsnert | ases heavgemi bave25 each
an increase beam dianeter of up to about 1 nmat the 5
posi t i’ f2 thdSecohd shbrt Axi sheiorobenf ¥@r 26.the first

10 short axis homogenizer 24 and the second short axis

homogenizer 25 are designed so that the excimer laser
beams B divided and condensed by the segment lenses
24a of the first short axis homogenizer 24 are each

incident on the center of the opposite second segment

15 lens 25a of the second short axis homogenizer 25.

However, as shown in FIG. 5, with the excimer
laser beams B at 300 Hz, a variation in beam orienta-
tion and an increase in beam spread angle are combined

with each other to cause each excimer laser beam B to

20 enter the second segment lens 25a adjacent to the one

25

on which this laser beam B is to be incident. As a
result, light leakage and thus sidebands may occur. 1In
this case, the excimer laser beams B cannot be normally
condensed on the glass substrate 4. The excimer laser
beams B may thus be tilted.

This means that the substantial beam width of

each excimer laser beam B decreases. Then, in an



Furthernore, the first segnent |enses 24a of the

first short axis honogeni zer 24 and the second segnent

| enses 25a of the second short axis honobgenizer 25

each have a width of 2 mm As shown in FIG 3, the

first 10 short axis honogeni zer 24 and the second

short axis honogenizer 25 are designed so that the

exci mer |laser beans B divided anz2 condensed by the
segnent | enses 24a of the first short axis

honogeni zer 24.are each incident on the center of the
opposi ¢et semendasegneht béahensdPbaoc6f thbeegetnad laser beam
short axi s honogeni zer 25. However, as shown in FIG

5, with dperexefhedovwnaterabears2B0aw 800 A, a aresult, the
variation in beamorienta- tion and an increase in
bean1s%?£% rafigl B1AFR €3RBi RedntwPRhtBachlashepubstrate 4
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condensed on the gl ass substrate 4. The exciner |aser

25 bearms B Tmyst hbg, beoti bkedplEhi seeean? that rbheus of
substanti al' beamw dth of each exciner [aser beam B

decr eadesvatines, ri of apa@? fexstesegease, 1éhe beanvf the first
w dth of the exciner |aser beam B decreases down to

about FTFlumxis koregemizerhdd hondep andtsebsieachhe focal

1qooint n the glass _substrate 4 is irradiated with the

aser qﬁQﬁar%d%%stQ% bbbk segment lens 24a to 438, it is

possible to reduce the beam diameter of each excimer
laser beam B on the second segment lenses 25a of the
second short axis homogenizer 25 down to 0.1 mm, as

shown in FIG. 3.

15 A reduction in substantial beam width can be

prevented by setting the span between the first segment
lens 24a and the corresponding second segment lens 25a
to 460 mm. However, unless the orientations of the

excimer laser beams are corrected, the excimer laser

20 beams B are not normally incident on the corresponding

25

second segment lenses 25a of the second short axis
homogenizer 25. Cohsequently, the substantial fluence
on the glass substrate decreases down to a level
insufficient for production.

Furthermore, it is possible to determine whether
or not each excimer laser beam B is incident on the

first short axis homogenizer 24 at the appropriate



5 10. This reduces the fluence margin on the gl ass
substrate 4. Thus, by, for exanple, setting the radius

of curvature r of each first segnent |ens 24a of the

first short axis honopgenizer 24 to 219 and setting

the focal 10 distance f of the first segnent |ens 24a

to 438, it is possible to reduce the beam di aneter of

each excinmer |aser beam B on thesecond segnent

| enses 25a of the second short axis honogenizer 25

down to 0.1 mm as shown in FIG 3. 15 A reduction in
subst aantig b, bepns el et higgnche ppaexent ¢dobyasglébngs the
the span between the first segnent |ens 24a and the

cor r eshonsli myl secontB sefgnend 1 ledscPSaert bod46Remaser oscil-
However, unless the orientations of the exciner |aser
beans k€ otk ehar, thdef exet nehotsexi@OhbwagsnBzare24, and

not nornplly incident on the corresponding second
segmentSEhsERe RReBIPEREL SREohel ShOREaaRFs the shape of the

onogeni zer 25.  Consequent | the supstantial fluence ,
%n t he grass ?[FDSSS? i?eearﬁlg}%r%%s%%cﬁo theaSe %%Feg plurality

i nsuffieignt, for production. 25 Furthernore, it is
possi bl e to determ ne whether or not each exciner

| aser beam &dseitnchdep! ommibeo fLf8ht8POILsBXhSed at the
honogeni zer 24 at the appropriate 23 angle, by

sel ectfiwgst hei ptdir al 3 tys ofis@dgt @sr@fotdey Ebhstol £R8Mangle
13, installed closer to the |laser oscil- lator 11 than
the fioSttishofirsxXimsi hoowgedi zers@lecanthe plurality of

10 angles of the first mirror 13. Then, the profiler 35

is used to measure the beam shape of each excimer
laser beam B at each of the selected angles of the
first mirror 13. Then, within the results of the

measurements of the beam shape executed by the beam

15 profiler 35, the angle of the first mirror 13 at which

the excimer laser beam B has the maximum intensity
in each of the long axis direction and short axis
direction is selected as the optimum condition and

adjusted.

20 In other words, within the results of the

measurements of the beam shape executed by the beam
profiler 35, the angle of the first mirror 13 at which
an intensity distribution curve obtained by drawing

the beam profile of the excimer laser beam B along at
least one of the long and short axis directions has the

largest height is selected as the optimum condition and

adjusted.



using the beam profiler 35 to neasure the shape of the

5 excinmer |aser beam B at each of the selected

plurality of angles. Specifically, a mcro actuator
installed at the first mrror 13 is used to renotely

control the angle of the first mrror 13 to sel ect

the plurality of 10 angles of the first mrror 13.

Then, the profiler 35 is used t@geasure the beam

shape of each excinmer |aser beam B at each of the

selected angles of the first mrror 13. Then, within

the resul t sInfthhe casasutkeroisentathenbeamsbapfcimer laser
executed by the beam 15 profiler 35, the angle of the

first PR¥ROP A8 dve whtchrathby excinectédsey Heawi By hase laser
the maxi numintensity in each of the long axis

di rect‘?%%lg]rﬁt%%rﬁr%w%ncm%@@i@tﬁri@g sehecneas asendrets by

opti candi tion an justed, 20 In other words,
Wi t hrﬁéﬁ%&%wf%ﬁbfef ﬁg%’ PR Ur ehe 3T of L tHee Rpimer laser

sshape execul ePe%YJng&gtpc? Imf: I‘P\;egfé#%erg eﬁrgt{? tt%ee a;g]gi;"sio{icon

the first mrro y

di strijyid,omp curve obtained by drawing the beam

profile of the excimer |aser beam B al ong at 25 | east

one of the Tiong &bl SH06h @dis1 &l reed | PRSiRBSaE Nen of the

| argest height is selected as the optinmum condition

and ddjarstveidit!iP4and nflldrscease;giheoprimntatd de®flaser
the excinmer |aser beam B can be accurately corrected

by setldafy B 1 Itdxerglass substrate 4. In other words, the

10 value of the fluence F2 can be increased to enable the

intensity of each excimer laser beam B to be properly
adjusted all over the surface of the glass substrate 4.
Thus, when incident on the glass substrate 4, the

excimer laser beams B are sufficient to convert the

15 amorphous silicon layer into the polysilicon layer 2.

It is thus possible to manufacture at a excellent
productivity and a very high yield, a large amount
of uniform, high-performance thin film transistors 3

exhibiting a high mobility all over the surface of the

20 glass substrate 4 and having uniform characteristics.

25

Thus, a large amount of high-quality low-temperature
polysilicon liquid crystal displays can be produced.
This makes it possible to put a large amount of
low—temperature polysilicon liqﬁid crystal displays,
which are conventionally difficult to mass-produce,
to practical use at a high yield with reduced costs.

In the above embodiment, the laser oscillation



oscillation frequency used during the neasurenents by

the beam profiler 35 equal to that of the exciner

| aser 5 beam B required for conversion into the

pol ysilicon |layer 2. This operation enables the
maxi m zation of the beamw dth and fluence margi n of

the excinmer |aser beam B on the glass substrate 4. In

ot her words, the 10 val ue of the #3 uence F2 can be
increased to enable the intensity of each exciner

| aser beam B to be properly adjusted all over the

sur f ackreduemey ghasd wubst rlae ebdam ghofileheBSi hei des to
on the glass substrate 4, the exciner |aser beans B

are sUff3ITiEntthed ReRiverhande 15 anbrehoat &0l tbah of the

layer into the polysilicon layer 2. It is thus -
po>s/si b%c%e’rralr%%%ttzﬁaén%t?’af%&c%?%ﬁtamb%bu@gi vifgwever, if

d i gh viegl t of i f :
ond = PRI AR fhe sl ocge STBult ool WU, ecing

i gh nobi 1id aéﬂap@é’seror{ijiryfasyri aﬁgsg}; b0gy gpegtllgﬁ%% lower
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substrate 4 and havi ng orm characteri stT1cs:

a | ar gghaiminde ofohi Ghsbalddyal ONG | eIPEE AL B Ene beam shapes
pol ysilicon liquid crystal displaysS can be produced.

Thi s nelkesnddspossidd ecHed bt irduth 3T € ANBEPL 1 DIt ion frequency
| ow-tenperature polysilicon liquid crystal displays,

25 whiath wirictcdrhveriidaomagldof didof | B0l ¢an catmbsvOradis@rements
to practical use at a high yield with reduced costs.
I n t he-Matsoi: efsoidi enitons hetheiserg beseidt atlh beh 28ach

frequency. used when the beamprofiler 35 is used to
9 exé&mer(ﬁaser beam B 1s‘€nc1dent on the first short

axis homogenizer 24 and second short axis homogenizer
25 only slightly deviate from its optimum values.
Consequently, the manufacture of the thin film
transistor 3 is rarely affected. Therefore, this
method provides operations and effects similar to
those of the above embodiment.

Furthermore, the description of the above
embodiment relates to the laser irradiation apparatus
as a laser anneal apparatus which irradiates the
amorphous silicon on the glass substrate 4 with the
excimer laser beams B to convert the amorphous silicon
into the polysilicon layer 2. However, the laser irra-
diation apparatus can also be used to activate a film
such as amorphous silicon on the glass substrate 4
to covert it into the channel region 46 or the like.

As described above, according to the present

invention, the intensity of each laser beam can be



nmeasure the beam shapes is set equal to that of the

exci mer |aser beans B for |aser annealing. However, if

the beam profiler 35 can carry out checks by measuring

5 the beam shapes only at a | aser beam frequency | ower

than that for |aser annealing, even if the beam shapes

are nmeasured at the maxi mum | aser oscillation

frequency at which the beam profid er 35 can achi eve
nmeasurenents through oscillations, the angles at

whi ch each 10 exciner |aser beam B is incident on the

first shop¢rlpxad) hotedeal resv@4d e SELSONTLSEOF t s@XsBrate
honmogeni zer 25 only slightly deviate fromits optinum

val uesty TRhsegienttye a2helennif e unerodr the ¢duse the short
film transistor 3 is rarely affected. Therefore, this

15 nmetdoHS phNe el Hpes ab ¢ ond) aREl efe ethersiqi i arwige width
those of th ove enbodi nent.. Furfhernore, the
descri%‘{i%%ce%]?{)?%%r Z%%% 2R bod freht S r e BRI EY ¥ then
aser 4§ j afj a. ] aser anneal

ga ppar ait {Jl;ﬂv%ﬁjha? r ?g%l) ia%r?% t %€§ 20" %lrr%? HHOUS <7 eoheonen the
the glassnsubsddatsuds ddl thecn exgl MBI d ASRL, peans B

to convert the anorphous silicon into the po'?ysn l'icon

| ayer 2. However, the laser irra- diation apparatus

can al so be used to activate a film such as anorphous
silicon on the glass substrate 4 25 to covert it into

t he channel region 46 or the like. As described

above, according to the present invention, the

intensity of each | aser beam can be 26
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properly adjusted all over the translucent substrate

by adjusting the angle of the mrror to cause the

short axis honogeni zers to adjust the short axis-w se

wi dth of each laser beamand thus its intensity andLOYDWISE
then 5 irradi ati ng the anorphous silicon sem conduct or

on the translucent substrate with the |aser beans.

LLOYD WSE 27 Cains: 1. A nethod of |aser

irradiation conprising: reflecting a |laser beamfrom

a mgyor to bend an optical path of the |aser beam 5
adjusting a width of the |aser beamin the short axis

Do Ch O 2r thencBRgd pPamabose: S0 Lol Rtk P s ing:

bent by the mrror, I rst and second shor

honmogeni Zﬁé;ﬁl@@@fhn%"aé/i NGsd WOL EM T PElE) C%lmifpéﬂat% WEnd an
each including a plurality of segnent |enses having

t he kit isste pah usf afh& Uraatunsangnd i rradi ating an

anor phous silicon sem conductor on a translucent

subst r at eady udt ire 4 assdtbhea thwses vé dtbean Nid hehe short
short axis direction is adjusted by the first and

sec@rd Ssiforreahdian mohodenilesresy, bEamheresen gachcal path is
segnent | ens of the first short axis honopgenizer _
condside M Hdre SHrgFondind Isderarnse @acanhstramt aldis

on center, of the qpposite second short axis
hon%éfmgfé}l,ze&spﬁﬂ% AV 169 &gl ¥ IdnAHER resrs arays

sel %%tc%d 1 nt crleu Cﬁ_r}ladj ea %fl ueraa(‘lq tI ya S(’Jefr sbe%?nrg natl:t leea}lcshe sO fh aving the

same radius of curvature; and

irradiating an amorphous silicon semiconductor on
a translucent substrate with the laser beam whose width
in the short axis direction is adjusted by the first
and second short axis homogenizers,

wherein each segment lens of the first short axis
homogenizer condenses the corresponding laser beam
substantially on a center of the opposite second short
axis homogenizer, a plurality of angles of the mirror
are selected, the shape of each laser beam at each of
the selected plurality of angles measured using a beam
profiler, and the intensity of the laser beam is
adjusted, within results of the measurements, as an
optimum condition, by adjusting the angle of the mirror
at which an intensity distribution curve along at least
one of a long and short a2fs directions has the largest

height.
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20 the selected plurality of angles nmeasured using a

beam profiler, and the intensity of the |laser beamis

adj usted, within results of the measurements, as apLoypwise
opti mum condi ti on, by adjusting the angle of the

mrror at which an intensity distribution curve al ong

at | east 25 one of a long and SA¥ort as directions has

the largest height. LLOYD WSE 28 2. A nethod of

| aser irradiation conprising: reflecting a |aser beam

] b optical path of the |aser
beard ad} USTTHET & ot S or i T HsBaT edbt 16 16 shor
is di i on. h b wh tical path
s bent By LHe T roriaBer (1740 B SodbrE Shore R an
homogani zer %ae@prbqu}ﬂ{?lt%/g% gldpndrical lens arrays

each including a plura segnent | enses having

the sameadphtsn®fa G YAt W€ cand i rkg@ag'ix afdh NG AN p ot

anor phous silicon sem conductor on a transl ucent

substriat eliwiddt iidie dmsafe Dearamhess WHEde dgt 48 path is
short axis direction is adjusted by the first and

secdred ts o tthexinst thammgdni Zenst Whey eidt@RC B HERemei s

lens of the first short axis 15 honpbgeni zer condenses

t he NeBrogesEERdisn g dchs dra eamt weulrstlamdraldal drerss arrays
center of the opposite second short axis honobgenizer,

a plEFRA it o iay 1% £ lo¥r alid ymiafr regnerd Jdeinsetsechattimg the

shape of e%Fh | aser beam at each of
same radius of curvature; and

irradiating an amorphous silicon semiconductor on
a translucent substrate with the laser beam whose width
in the short axis direction is adjusted by the first
and second short axis homogenizers,

wherein each segment lens of the first short axis
homogenizer condenses the corresponding laser beam
substantially on a center of the opposite second short
axis homogenizer, a plurality of angles of the mirror
are selected, the shape of each laser beam at each of
the selected plurality of angles measured using a beam
profiler, and the intensity of the laser beam is
adjusted, within results of the measurements, as an
optimum condition, by adjusting the angle of the mirror
at which an intensity distribution curve along at least
one of a long and short axis directions has the largest
height, and a laser oscillation frequency used during
the measurements by the beam profiler is set equal to

that of the laser beams applied to the amorphous



the selected plurality of angles neasured using a beam
20 profiler, and the intensity of the |laser beamis
adjusted, within results of the neasurenents, as an
opti mum condi tion, by adjusting the angle of the LLOYDWISE
mrror at which an intensity distribution curve al ong
at least one of a long and shot® axis directions has
the | argest 25 height, and a |l aser oscillation
frequency used during t he nmeasurenments by the beam
profélf mlggg % that of the | aser beans

a plled e annr%%% QT LLOYD WSE 29 silicon
senlconductor 3. The nethod according to claiml1,
wherein the angle of the mrror is adjusted by an

actuator.3p 4. TﬁgemEEBBQdaQESQthggtBocggﬁhnngewher %n the

wherein the first and second t axi ni'ze

are aigengetl t1oh hherSanes P @Nes S84 tkg‘}a att hz?ctl.@éléor
optical axes are parallel and coincide with one

5 another. 10

10

4, The method according to claim 1, wherein the
first and second short axis homogenizers are arranged
on the same plane so that the lens optical axes are

parallel and coincide with one another.



