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; e3eDgDl | M oFoVg6qTgcnHD S CR I P T I O N METHOD OF
LASER | RRADI ATION 5 Techni cal Field The present

invention relates to a nethod of |aser irradiation

wi th which an anorphous silicon filmon a translucent

Z?bsagate isdirradiafeg_mﬁfh | aser beans. Backgroun

ety sl el e s o s MR

Ehig_;iIELtransistorh(TF:)Iforned of amorphous silicon  *so15e*
a-Si). wever, a thin filmtransistor using

anmor phous silicon, whi BhEh&sCaR| dwPeleét Pi § fleld 15J

amor phous i1 con, whi Shehascar) awperetpi  1iel d 15 [N
insufficient to inplement a liquid crystal display *G00002*
havi ng a hi gh definition erating_at _hi E eed, and

provi di ng excelIentME@H@pl@ESLAEER063538§3TIQ thin

filmtransistor using 20 polycrystal silicon and

produced by a |aser anneal process of irradiating an

anor phous silicon | ayer X beans has
an electric field nnblllr@ggPS %out%iSEacnﬁlvs to 200

cn2/Vs. Thyge ﬁPééeBB'Dn@éhﬁlBEaPél§£8§ £8 §Xﬁ39569 L@ laser
provi de high functions 25 such as the capability of

i ncr eagiagidbeoefii ohti9DcRNEN OpEs BbhHPs SPELHcOh Ailm on a
liquid crystal display and the capability of allow ng

the iotegsahcént naibotroteais 2rodadvetedreuth. 1dBer beams.
| aser anneal process is a nethod of irradiating an

anor phous silicon |ayer omBacligdassdubstrate that is a
transl ucent substrate, with excinmer 5 | aser beans.

Speci fi cal LyquitecapstphodéspilbiysonLLByearennpheugkdswhich
substrate is formed into a polysilicon [ayer by

propewsy, sestanglirae pehhrRi zenohnshbatedf aegkeotyphethin
anor phous silicon layer, for exanple, setting the

| engt h1OF BhERShebAtal TBBD AATEAY P?samPHPh0%§ silicon

(a=Si). However, a thin film transistor using

amorphous silicon, which has a low electric field
mobility (uFE) of at most 1 cm?/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 cmZ/Vs to 200 cmZ/Vs. Thus, this thin
film transistor is expected to provide high functions
such as the capability of increasing the definitiocn
and operating speed of a liquid crystal display and

the capability of allowing the integral formation of a



10 0.4 mm oscillating the pul se beamat 300 Hz, and
gradually shifting an irradi ated area for each pul se.
Furthernore, an elenent that determnes the electric
field mobility of the thin filmtransistor using the
pol ysilicon layer is the grain size of 15 polysilicon.
Thi s depends greatly on the energy density of applied
| aser beans, what is called flueice. Specifically, the
grain size of polysilicon increases consistently with
the fluence. However, a fluence higher than a value F1
IS reduivedctocobtain high 20 perfornmance pol ysilicon
of electric field nobility at |east 100 cnR/Vs.
However, aBhehéaftueagrephcpreasessabsve PethefeC§rain
size of polysilicon further increases,_ but the
pol ysiFFedha bbednd’d Merpbeyst sl lyFaR nkayer o052 glass
certain fluence value, that is, F2. Such mcrocrystal .
ol y o7 FPRBRE Hoobiabt L brbvk HRNABLFFRE THARGFSLer "ith excimer
characteristics. Theg area, be en_F1l and F2 i I
55 TTURTEC RN n SHAGT G ST nLD 26 ANGryBons SRl 8hn 1aver
pe_debgrinoedi DYs el GhL 08 Lhe; DokyehLycolcbayepo i L 28on
etchant and using a scanning electron m crograp
(FE- SEMek 0oy 9PSSEYEy ! BEL O RY N RE ZBearthb 82 8B6ROEhESsurface
used to select the fluence of "the |aser beans from an
area oh vwhéchnmbhgnpaetysilieon hagen, SEOEWBRAMbAEPEEetting
grain size, that is, the area between F1 and F2. This
sel ecthenlengbhesfactébhnbéahnatrab8i shoandatesovidth at
pol ysilicon and having 10 the desired electric field
10densi Oydtmmbeocsbti bl acingegae dbesseobeancett aPH Arapuand
of variations in the oscillation intensity of the
| aser9bedwnel Howebeftingean| enediabegi Aredhfer fachhpulse.
above described range between F1 and F2, is very
smal | . 15 EH&ARBEEMPRS) a8Br chEBRBtaFBali REL§TrRoNESUSES

the fl .to_deyiate f th t F d.

P2 TRYSCHF SHdvaRt SgBORSLY PI PectBot RA fmes Pr baABET BhoT

f thin.filmt I St or f lysili . .

Fur t ner 0P EnECT Y Sentaoiar o - dbpebis SA2tRe>AtR0eF
150f pubé?y@@}&&&ﬁd'aghQQSdQ ehaée? DERMS. GADPHL dfer

times ot Ypurse ifradiati ons provide onty a very smarl

fluenggngatgi Be é??yﬁeaolgbg?sbggmﬁu!§§atrE§db§§E@HSfluence.
barely provide a uence margin sufficient for
prOdUSbé@ﬂfiEBM§y,lEhésgdb§ﬁd§@9ba@@0E§ﬂysﬁ&ﬁEbﬁUHth@ases
adjust the intensity of 25 the | aser beans. The
preseabnksnyesht0r wsthr evededukncei ewHolvet/birs. al £lusnce
an object of the present invention to provide a

higher than a value Fl1 is required to obtain high-

20 performance polysilicon of electric field mobility
at least 100 cm?/Vs.
However, as the fluence increases above F1l,
the grain size of polysilicon further increases, but
the polysilicon becomes microcrystal grains at a
25 certain fluence value, that is, F2. Such microcrystal
polysilicon does not provide desired transistor

characteristics. The area between Fl and F2 is called
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4 method of |aser irradiation which enables the

intensity of |aser beans to be properly adjusted all

over the surface of the translucent substrate.

Di scl osure of Invention 5 According.to the present
invention, there is provided a nethod of |aser
irradiation conprising reflecting a linear |aser beam
froma mrror to bend an optical 3path of the |aser

beam adjusting a width of the |aser beamin the short
axis direction of the laser 10 beam whose optical path

IS bemtfhyende margom, by a short axis honobgeni zes;

and irradiating an anorphous silicon sem conductor on

a transl ucehe gubsnrateewpfhpohesiasepnbeam hhodetermined
width in the short axis direction is adjusted b
shortbax$§c%bm%g%m¢z@%ly%hb%%@% %%%e45W+h$eﬁ%|%§C%$nt and
the | aser beamis adjusted b ustln 0

Lhe IS Eby S WERNEHEY et RO OR T hSRroT Frhal BET gh o
according to the present.inven |on n at
n1rro$b?§ %%Jﬁg?e FA7TtPAfCt he' S r?eg§?§ gonngenlggsseleCt

can 20yadtistatbooshont axls: W, 58000 by ofneacha! aaein; on

beam e anor ous SI I con sem conductor on

trans{pe ﬁ&1§yp§1&éﬁeha§ hrsadbahed w&f&e£h§rgﬁ§e§lze, that
beans each having its short axis-w se w dth™ adj ust ed.

The in§enshéyapéaecashwbaserlbgam ean benhadj ystedtion enables
sinmply 25 by adjusting the angle of the mrror. This

makesai thpowssi bhet tonpt oper | yadd) ostpdhesi hi eosi aydohaving
the | aser beamall over the surface of the translucent
substtla¢ edesibed®rebécDescr i peidndefis Drawkaglse FolGaingd

a viewillustrating a | aser anneal apparatus according

to anreabddieent obfat herpresednounyepfi vAristEPEs 2nj ghe

a sectional view showing a liquid crystal display
deV|C%Sﬁﬁ%hﬁgé?ﬁréﬂtﬁgﬁhbytﬁ% F%%eiaéﬁﬁe%?a%pparatus

shown in FI.G 1. Gb is a V|em1|IIust 0 b k
pathslthroﬂawegﬁsrt o) ELReREbeRraiE  orhaRh Pgobhe ghove
G ) G 4
?PFE???a?rﬁﬁggé?%ﬂgf %a?“%eﬁhféuaﬂ305§VehF.8%§Va§ﬁ%r?
aXIS Eﬁnﬁg nlzﬁr§asgrckegﬂs a%evhfp%%¥aﬁgt% gtﬂgm%luence

Ieakage Rt ~0ccUrs i n e conven

PﬁCE%??L§8$§tﬁ45fF§§én§%d?5£?L€ ?%é#ﬂglcyédtp§ Pk
gs, escrlptlon

Wil disadvantageously affects the mass production of thin
film transistors made of polysilicon. Furthermore,
the fluence margin depends on the number of pulse
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
the laser beams.

The present invention is provided in view of this.

It is an object of the present invention to provide a
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be given of a nethod of laser irradiation according to
an enbodi nent of the present invention. A |laser annea
apparatus as a laser irradiation 20 apparatus, shown

in FIG 1, is a part of an apparatus that nanufactures
a liquid crystal display (LCD) based on an active

matri x system shown in FIG 2. The liquid crysta

di splay shown in FIG 2 conprise4 a insulated gate

type thin filmtransistor (TFT) 3. 25 The thin film
transistor 3 is used as a pixel switch for the liquid
crystméthivdpbhiylaselr i srfafdnedi by ehpohysnshlten thgeiniensity
on an array substrate 1. 6 The | aser annea

appar@f ukashpwpeans FI G b PreRErbY eadiushed #11neoer the
anor phous silicon with generally rectangul ar exci ner

| aserSPHehEe P AstIf nea? 1 HEARRN enf R DV a pul se | aser
such as xenon chloriﬂg e thin film

.5 &XeCI% I%sir tg
bei ng formed on one nBi8F8GPFSc8Tof MY PFASE substrate
4 as a tra subs t ] 2. -
t he annrph%ééggﬁpﬁgoﬁglg§§rsfg§gggglg ?5%5%?’tEgQ?Q S
surf e upst 44 ] | € 10
aser on e g e T e ST e P oot P
Furt hes ApE€e i h§eal B8QEa ANNLSL r AP af HSM SAOMr+8r E& bend an
1 conprises a lTaser oscillator 11 that is |aser
osci | bot i 881 npatls ©scthéal dsgrtbeamxcadplist 88€rabeaddh of
B. The exciner |aser beans B oscillated by the |aser
15 osché¢| haser Wedecomethe nglaorshapes oditdet sonfatetibé laser
t he anorphous silicon |layer on the gl ass substrate 4.
The exeamevhoaseppbeadt Baokcilberd by the haseer, by a
oscillator 11 are adjusted to consequently focus on
t he gPRQEL sBEsraemogenDPeNbr2bdet L radiakiag| @n amorphous
attenuator 12 that is a light attenuator is |ocated ,
aheadSbt1FaR eFCBEEPIFAEHP L 127 & ?ﬁ%n%b?F%%F %%?ﬁ%r%Fe with
the exciner | aser beans B oscjllated by the laser _, .
osci | FATof 2997 FRENvANPaB| ELAEP ehlatBF 9505 Bfig direction
vol ta [ pe, an I £5: 25, 1 tt :
of t et 33 hEPf RUPEREaTn B B8 F ubNEeLh EPRDL LARER R ene
total s nethect| 0 MKLOfabs,r dboRRsed 2h5ad0h bheadiusti
varia%?e atte%uator 12 ?n fhe 7 opt?ga? pat%g %?]?ﬁelng

eXC!”EBe'éﬁ?Iebsﬁnﬁhg havipg, passed through the
vari abl e attenuator 12. The first mrror 13 totally

reflects thRetBxehBemekBsar obeagseB torhandttibai bccording
optical paths to change irradiated
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 silicon semiconductor on the
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.
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5 positions. The first mrror 13 is installed so as to
be pivotable along a plane containing the optical axes
of the excinmer |aser beans B oscillated by the | aser
oscillator |l. Mreover, a mcro actuator (not shown)

10 is installed at the first mrror 13 to renotely
control the angles of the incident exciner |aser beans
B. Aplurality of telescope |ensés, for exanple, one
first telescope lens 1 and one second tel escope |ens

16 are coaxially di sposed ahead of the first mrror 13
in 15 the optical patks dksthépetonnef Daswinbeans B
totally reflected by the first mrror 13. The first

tel escope Féfis 15iand vhewsietbndtretesdopelpens agneal
adj ust the excinmer |aser beans B to parallel light. A
secomPRFFRBYS 17CFIr @i BPosedeaneBpodiNene 20 Skeopgesent
telescope |ens 16 in the optical paths of the exciner

| aser *HEANEL B havi ng passed through the second

t el escope s 16, .The 1 [E I -
reflectg thgaéx%i%%rglgéggQgggggggg?oéﬁghgkghéy%lquld
optic S n ' j 0SktiQNsyikn
A A A A R
irradingtged poshtiens §sb@kl ishedcbyithe first mrror
13. The second mrror 17 is installed so as to be

pi votabl e F18.aBong a phaweitonkarathggt bprophicphths
axes of the exciner |aser beans B havi ng passed

t hr oughrohghsekontd iseleskopegéenses6. oA thesiakenganneal
axi s honogeni zes 21 and a second 5 |long axis
honogepparst22 akovongnaki§. hbnogeni zers (LAH) are

coaxi ally di sposed ahead of the second mrror 17 in

t he opticaFIfat Asisfat iéewxtilhBptraséngbenhtcBlt baahpy
reflected by the second mrror 17. The first

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.



and second | ong axis honogeni zers 21 and 22 adjust the
10 long axis-wise width of each exciner |aser beam B
and thus its intensity. The pivot angle of the second
mrror 17 is adjusted to provide each exciner |aser
beam B with the maximumintensity so that the first

| ong axi s 15 honogeni zes 21 and the second |ong axis
honogeni zes 22 can adj ust the | oAg axis-wi se w dth of
t he exciner | aser beam B through zoom ng, while
setting the long axis-wise length of the exciner |aser
beam B at Bher bdeesrannedlvaPperabesuaheorniy Fakindze
the long 20 axis-wi se intensity of each excimer |aser
beam BrT¥32HRf nbrenin THHE aki anebnensi figlters w3ths
a condenser iens I s di sposed ahead

f th | ong.
axi s WehopehrdeEaseR i ke ot riat Jarte BfetRe =8 Pinear

exci | aser B havi ssed throu h the sec .
Iongng%aﬁﬁlgmh nYz%sp%ggeTﬁ% Bn%u%lesc%% %%s?ﬁggrlde

5lens %% %Pergéé th€h¥ﬂﬁﬁ19rﬂ§lﬂfbébﬁ e%ﬁfﬂ@& L@asghe major

beans hei F g axl s-w se adj usted an
the'rsur@a&@ngfaé'§l$é§esu8§€P§téY4n§§|§1€§Qn§Yu&@§t
first long axis honogeni zer 21 and second |ong axis
honogenbzerale, Jhewhong BEXGS gondensing | ens 23
finely adjusts the focal distances of the exciner
| aser bean®h8n, 5tMor envephoasf si$ticshotbyaxi $ocated all over
honogeni zer 24 and a second short axi s honogeni zer 25
as a thytisdrfaae PEnthargdysarsubsbxibel § dsspobpected to
ahead of the Ion% axi s condensing lens 23 in the

10 opti chpsput Anepling eRcrepyerhsep beansobyhalipgn laver 2.
passed through the |Iong axis 10 condensing | ens 23;
the first EHBFP65%P§ehoﬁB§eﬁ?E§F é&nﬁﬁé P%@a§éEBﬁdShown in

hort h 2 h
oy PR 1 nEPREEReES e pDaBlE B0OT1 1 8FLR PRIRHER) 28 Paser
b d short

oo eRe b EraTE e el hkp XL Fe PRECSER] 5L Rk Fasey heams
horoggni zey 2 x8$ﬁértb§sé90 Safk Eh8s%&5§5t§305% gﬁéslaser

hom)genl zer 2 e first S ort axl s honobgeni ze

15and the-5e¢90drSherbeaXing h@ﬁ@gengzsﬁeZaneﬂétsaytsc@ of
short axi s honogeni zer 20. Here, the first short axis

honUQEHéZQﬁogﬂhggsC@ﬂDEb@ﬁSléyéﬁtoﬁegﬁenélhgﬁsgﬁbgﬂ@ate 4.
that are a plurality of convex |enses, as an array

| ens, The showneknNl&k&r BealacBh céctmEatédsbysegaemhser
Ienses 24a has a segnent with radius of curvature r of
219. ésctihéaborellt heef dgtissednent cbeasq@dathgsfacus on
focal distance f of 438 25 and causes the beans to

have ahdi aheser spbsdratamien the second segnent | ens

25a. The first segnent |enses 24a are arran%ed on the
20sanme pl aneMPiepieal| 8| vésipkRae attgnuator 1z that is a

light attenuator is located ahead of laser oscillator

11 in the optical paths of the excimer laser beams B

oscillated by the laser oscillator 11. The variable

attenuator 12 is of a voltage variable type and varies
25 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
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their lens optical axes are parallel wth one another.
Mor eover, the second short axis honopgeni zes 25

conprises a second segnment | enses 25a that are a
plurality of convex |enses. Each of the second 5

segnent | enses 25a is disposed on the optical path of

the corresponding first segnent |ens 24a. The second
segment | enses 25a are arranged dn the sane plane in
parallel so that their |lens optical axes are parall el
with one another. Furthernore, each of the second 10
segnesipt i enbegalba dhsthesevpimenl laxes kormsi Behawihg
that of the corresponding first segment |ens_24a.

Mbr eoR@? Sed hehseegndt Be gheht 2P bhsa DEANBAROE hé2 sankhe first
radi us, of curvature.as th i of the corresponding fjirst
segmeft T F@hst 2450 Fh Ysﬁ%\ﬁ Bet fekh® t FRCHTTEt 138 gheREaMS B
15 lens 24a.and the correspondi ng,second segnent.len

250 | B8 R b R DL e BT e ST FERT e g oo B0

IS ad&gg{gg 59 as to set the intensity of each exciner

| aser beam B fo t he appropriate or maxi nrum val ue so

that the fipgt £2058h@ttra¥i $3h080YRBEZE3d4s8Ndst B8 be
second short axi s honogeni zes 25 can adjust the short

axi s-yi 68t dbUéNaDénghe BXghaBEChBSEhiNGathS bPEOBgh axes
zoom ng, while setting the short axis-w se |ength of
the exti tee &RstmebedsasBrtbeampr Bdeset hiatddviayueheotaser
uniformy maxim ze the 25 short axis-wi se intensity of
each escihbatbdaset. bedor&vérsharmiaxpsaconaensi igot shown)
lens 26 as a condenser lens is disposed ahead of the
secondisshoftahked ati1thaokbgehi eFres 1A tRerepefedqy control
pat hs of the_exciner |aser heans B havin? gassed

a ﬁﬁ@ms B.

t hr oughet ARISBR oA ShBr tNEkFE hofibgEhrZet 2287

P heencr R SRR TR, BT EMBLe, one
o 8- SIS  0  Pe 1en »
e e

focal +dLs - 0 cLnBer b
[ ol do T ene 5y Ta b Engsen Shead of the aRert g © corally

condepskngcteasbgbtha Ehesephieabraxes ofhtheiexei Belescope
| aser beans B havi ng passed the short axis condensi ng

| ens 26nsThe &hel dhkepscdfidadgilisssopbelénsal 6depthstothe
the excinmer |aser beans B. Further 15 nore, a focus

slit 28cimedi $posedbahmadBofot heréilékd Llepst27 in the
optical paths of the exciner |aser beans B having

passed thrédugkcohd fiiairdr| éns i87ditheskdcasesi pf2ghe

acts as a focus checking gap having a gap 28 used to
checkS?ﬁ@nﬁoégéﬁszepﬁbﬂééﬁeﬁ§ ant APPAORFAFBE B2th§ of the
di sposed ahead of the focus slit 29 in the optica

pat hs®3FiPRE &REFFEPSPRSeP Be¥hBIBPREVFHgTPASEER the second
through.the focus slit 29, The third mrror.31, hen

e eSgrRaFoPEedBnBeilis BTBY SPOPTEERSFEY Pdi KPRgILY
refle%gkﬂgckgeghgte%gimegslgg%ghggg%EEB gg LARGC their
surface curvature correcting l'ens i s di'sposed ahead

of thSPEEEEQ EﬁgrtélﬁhgnggetﬁgtH??Ed@%&@& bsiR8ons in a

exci ne aser ~beans avi 12 passed through the

25t hi rdgRirbEek o3l di Fhe reRROe rSHr £R6E dGWEVREBREof the irradi-

correcting lens 32 corrects the curved surface of the

| mgeateampdshy ibhe exeaprishasebybeass fiMeteaierorals.,
projection lens 33, what is called a 5X

The second mirror 17 is installed so as to be pivotable



5 reduction lens, is disposed ahead of the inmage

surface curvature correcting lens 32 in the optica

pat hs of the excinmer |aser beanms B havi ng passed

t hrough the i mage surface curvature correcting | eans

32. The projection |l ens 33 reduces the beam w dth of

each 10 exciner |aser beans B down to, for exanple,

one-fifth. The gl ass substrate 48is installed ahead of

the projection lens 33 in the optical paths of the

exci mer | aser beans B havi ng passed through the

proj esioog & epsadd. cdheaphhss shbstpatead asesnsfathed

so that 15 the anorphous silicon |layer on the gl ass

substeatendri sasér ebtanst Bwardinperapse¢dathpatps dhe second

t he exciner | aser beans B. On the other hand, a beam

profitekessope hount k8- on the | aser anneal apparatus

as an inspecting device 20 that neasures_t he shapes of

the exci mef Fagef %@ﬁﬁsaél8nhPﬁ@g@Pé§§rsaBsPP§t@ gecond
5The b an1profi|§r 35 is_ins ?Iledlahead of the .

pr oj et?Fdn?Tehs %@ogﬁnfﬁ%ro% i B3I 1PAP he=bF PRECYKRT ABFS

| aser hayi S g o] £Gt | ;

| one. 4§37 abe (REABE BT PEEbOLOUTINLAR DEPLEE p80ond mirrox

substiaten4chs é#@ﬁ@&ie?aEQSIéfefhénQQéIﬁég,1£Q§rb6éﬁhs B
profiler 35 stands by at a position where it does not

CrosstbbglappléeteexednBy thd3sbase heapsrBi7. The first
Furthernore, the beam profiler 35 measures the beam
shapesnaf stben@xTongrakasenoheqsriBeaft 21 &he 2ngh@jost the
the first mrror 13 has been adjusted, to detect the

10rot atioggaagisswbset hidthrsf Saohrercih8rahdssecbedm B and
mrror 17 at which the exciner |aser beans B have the
mexi numisnteasityenaitach of the Iong and short axis
directions. Here, the beam profiler 35 makes ,
measur enenth@hehvas pRELE §AsthA ERECBEaRiprofi Lér i85
is replaced with a 10 fresh one, for exanple,

. once a,
day, P RSEREcHPi BEPYYIaf BRFN eREFHBRY| 438FFHRGAR B BEEH
300- ul ses_have been,applied 2 X 107_.tines, that_.

PR M CTR L Se IR st M SRR
description wll Lye f_th onfjgu L0

1517 oo oRpGEekkehi 8 BhUTEnFuntr St ehd aRhy Trlbodutper 22
irradiati ; a u he_ | Lquid.c I di a
1 adab! 90,80pac AbUsonThe L Layh dectYSEA! o BRb ke tmex
conpr i 68t BEaf)! BSEnBURGHT 8b6mi Mg} Chnk $eSUBEERALT BhEY1ong
transparent and has an insulating property. The gl ass
subst pat 6-¢iBas1angOnsbzetnt, ekeimexampker BEAMMA Xt a
500 mMm An undercoat |ayer 41 is forned on one ngjor
surf apecattthrigkdssasubst vat endfoompyemertimthe the long
di ffusion of inpurities fromthe glass substrate 4.

20The uadéscwasel apeendlitiysofoapobedxoimSirNkaand Beax B.
and fornmed by a plasma CVD 25 process. An island-like
pol ysi | i coRukrapermpres Porred éKisheondgaséoat lrager3 as a
41. The polysilicon |layer 2 is 14 fornmed by
i rradFapPegSERel8A6r pRodsSBPPREoANPAJePLdEpBSPEEANEN1ONT

th I bst 4, witht I, I b B .
for [AS3 ARGHPAGELA20atB bRFUBPELFRLAROEDRpBECHTE! PHoineT
f I 5 sili Lde film havi
| noul SCFRG BPaBRr By P& Tar REASEH ERECRArySrEi E8RoPs P19
2 and_yt . t .qd
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10 the gate electrode 43, and others formthe thin

filmtransistor 3. Furthernore, a source region 44 and

a drain region 45 in both of which inpurities are

doped are formed in the areas at the respective sides

of the area of the 15 polysilicon |ayer 2 |ocated

i mredi ately bel ow the gate el ectrode 43. The area of

the polysilicon layer 2 |ocated Pnmedi ately bel ow t he

gate el ectrode 43 is not doped but constitutes a

channel region. An interlayer insulating film 47

conposeny odxas20is¢ | icoanokivendkximioedtihe th&efisst long

formed on the gate oxide film42 and gate el ectrode

43, FR¥5% koneaetiner esl 48nANgCQQN@r ECRGr HEHS | Roppgenizer

inter]ayer _insulating film47 and gate oxide film 42,

so as’fo peERettIre ?gésiﬁ?%??%§é?giﬁ%%?a%?ngl??¥ﬁwﬁ§3u5ts

and gate oxide film42. 25_The contact holes 48 and 49

b L TR TR TR RS Sk i

and a drai ] 45, -t ect.Lyel y,, - ’
5electrode @a?ggbggéi% gFgggr%gé¥Ezgxéﬁdﬁ§ms éﬁg?gfi%é and a

(not §Q@&H&_£Qér§ugﬁl¥iH8m§%8H§£§r3£§ forged, onlhecal lens
interlayer insulating filma7, the source electrode 51

and dipiayehest 60821821 r @i §p688d aBeddSos€€R8Ulong axis
i nterconnect |ayer. The source electrode 51, the drain
el ect coi@eh2ingntehhe23i gnathéi ot bcel f paord of, therexcimer
exanpl e, a |owresistance netal such as al um num (Al).
The sbaser keteacnsrddeabingspaseedribadblighcohaetted &vis
the source region 44 via the first contact 10 hol e 48.
10 Si mi | ephgenshegdiens 2Becthedéissti sherbcaxisthpnggenizer
connected to the drain region 45 via the first contact
hol e 49. apdpEleeterordf FNAT532K5Sf bpREECBRZEHe2d are short
interlayer insulating film47, source electrode 51,
and dfAiP 19meperirehe S9AHK ERpbrafivskrtBa FROFRrages
colors or exanple,. red, blue nd een is forped on_ .
Che oo bBF: SECTRPF 535€h BedBh (P Contat: SRpRd SeipE: xis
formed in the protective fi 53 a c b1 54
so ae PECRETFACEORbaky SPTR: THeRr B OrBLerbaeTes. Chothe
15 Pi xel gelect rodes %Qiéhﬁ%mégs ?z&%??§p§é§9ttﬁgngHEEgrof the
| ayer are disposed on the o?or ifTter 54 In a matri x.
The pexebtebr6tt08R28s5RoRbgerl 86k pat al ieCONRBEL 8HOEO axis
the source el ectrode 51 via the second contact hole
55. Fubhbegenvrer 2n ghieohat 5@80R8 EhbPt5dx88 RAomogenizer 25
protective filmis formed on the pixel electrodes 56.
An opposstétsubsarahertlakssdhspogedioppolit e

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
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16 the pixel electrodes 56. An opposites el ectrode 62
is formed on one major surface of the opposite
substrate 61 which is opposite the pixel electrodes
56. Moreover, a liquid crystal 63 is interposed
between 5 the pixel electrodes 56 on the array
substrate 1 and the opposite electrode 62 on the
opposite substrate 61. Now, desckGption will be given
of a method of manufacturing a liquid crystal display
using the laser irradiation apparatus. 10 First, a

si |l i comebxi Hensi opt beat hexes kere spéva heel owibheonsj apother.
surface of the glass substrate 4 by the plasma CVD
process toMPEEAVEEKe Eh@eﬁ@@@ﬂdlﬁ?@?t4§Xl§uB§@aaéH#F9r

an anorphous silicon layer of film hlckne 50 nmis
for medl® 4EHREACSt ReS ﬁ%?%h%%%m%?Fli%ﬂs?%y ajghat are

t her nal | ated Ln a nitr atnn here 500C f or.

10 Ak Let B L cof Rtk oReERef at | BACY SRy HhBgErEPRY

the a S 0 ayer S.0cC [

aror pPodEo a1 st Faner TE keBob ol el ERE By iLH® pach of
e'|'p§983&6£9e9ﬁ9H§§§gt91P§¥es§g$é£9118h§k9@§5 thé9s§cond
nm Subsequently, the glass subStrate 4 is transferred

to theefrspt asnsas 2pRasaéusrrdhgsd dhetheagbeméfpllge in
first mrror 13 is adjusted 25 so as to maxi m ze the
shortpaxasiai seoi bhensthyiof leashopktcakrakasearbeparallel
B. Furthernore, the transmttance of the variable
attenwatbron@ agoskerat BB hermgrén ehcks sfathe sheond
glass substrate 4 with the concentration of hydrogen

in t heegnerphbesses| 2eanhpraydksrenbitedli axiascainedden

a stage (not shown The stage i s noved parallel wth

t he sﬁth bhat of %h@ SOBé@ﬁEO%@lﬁgpﬁ%Eﬁ ofegpenppiens 24a.
while irradiating the a g ous silicon aner on the

gl assMeEBeY Pt et A WP EROPASRIREREr L PRSef 2BelAR Bhe Same

havi . Sh f dt h 4
amor phBALIS PF oo T2 aFST €50 hUS otib) OT cGOFBoF BgaFIng First

anneaLLideh. $OAYCELaL0 bhe 0aRObYBILLEODLAYELs2 sogment

esired crystal "grai I'S occasi on;
each Pthtz@Q Lhs Shésé Pké&?oédhﬁ 'gééghétgg Wehp @ens 25a
| aser se 20 tines. he excCi ner | aser beans
OSC|I£§t@gome§he Iaser oscillator 11 at 300 Hz are
set to be linear 15 and to have an irradiation size of
250 mm X OThAenpivdheaghassosubsbr ates4 msrmoved3atsbadjusted
mms. As a result, every tine one shot of the excinmer
| aser sbeanst8 bstappki édiehbétygl af§sesubstratmesd lgser beam B
noved at a pitch of 20 ~. m 20 Then, the polysilicon
| ayert@ tbepappeppedat¥hereabkémumt valgat ecoxhde themfirst
42 is formed by the plasma CVD process or the |ike on |
t he gﬁa§§tsaﬁsﬁrap@ogenhéﬁadﬁﬁgaﬂﬁetbe|9§PPnéoﬁhPayeﬁXls
2. Then, a first interconnect is formed on 25
t he gaP@oaﬁnaéeF.?ﬁ1ﬁénb9dau§5uF¥@r?H@r5r66é§sw1$ﬁew1dth of

g:gi:p g;ggggﬁg?cﬁa ¥e£e Et%ﬂ?gug 282%&%8? %%l?e 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



18 Subsequently, a photolithography technique is used
to formthe source region 44 and the drain region 45

at the respective sides of the polysilicon | ayer 2.

The thin filmtransistor 3 is thus produced. The

source 5 region 44 and the drain region 45 are forned
by using resist used to etch the gate el ectrode 43, as
a mask to dope inpurities such asl boron (B) or
phosphorous (P) in the areas at the respective sides

of the polysilicon layer 2 by an ion doping process or
the lhémog@mizdrs2i0ini vike opeipaltpathshet pohgseketoar
| ayer 3 | ocated below the gate el ectrode 43
constl@%@ésbﬁa%ﬁa%n%ﬁv%@@lBﬁssqﬁeﬁhr?%%hlﬁ?%r?%?@?d short

insulating film47 is rmed on the gate oxid
e ok b0 dnenodbalz08 281 TP 0 Qg 98 s P aTehhl My rens

e o BEB O, L BN LERYL LU0, peans
f .
51 2, AFASSLILCE B! a3, TR L8, LOLET Lk cEres

like.1dhe éﬁygrwi§etb§9e9§1£ rﬁggl&QZéerﬁythﬁeS9y£§€ short
el ectrode 51, the drain 20 electrode 52, and t
si gnahxisNeomdGenizthe2 prohgckiyendli R 5B aﬁléonaﬁsg@ﬂlzer
the interlayer insulating film 47, source el ectrode
51, apnd.draha sheetroadéesb2ondbesjinghtensl 26 fiheéky 54justs
is formed on the protective film53. 25 Moreover, a
transpheefocebndistanceayef theheasimdo {aadrubeding B.
Oxide) is forned on the color filter 54. Then, the

10t ransparen® Ebaddciens| ayeisi diepered ahesdt off bhm shert
pi xel electrodes 56. Subsequent| t he opposite
el ect?bde 6INAADSLAG APRay? §ub§t¥5@eoﬁtéFéldP§6és@8 the
opposite, each ot her. The op €03|te el ectrode 62

f or me8%6hMBhe ﬁﬁFBrbgaQErPa évbpgtﬂésﬁﬁﬁogp?eShort axis
| trode 61, whi te_th bst.r at
$h§ﬁ,Egﬂﬁerﬁaaadfsp§s?§pp° bt ofiArdotBR naPaRtnTERg the
1 b 1
opposk Saiuﬁgéﬁsé 8? E %B§m§£r§¥i%9 g&é@%g? bégurther—

5abovepoggcogdfggugosggg E§e§§n81§BBQQH”EHEadtB§ Eﬁéefleld

annea apparat us provides the exciner |aser beans

short1axkssw $8 whet Bpabedl AQ6ns B¥ @nd EH@lﬁé@gﬁaser beams
with the glass substrate 4 placed on it is noved

par al Behawihf phessbothraxph thedifietti 0enef 2the The focus

exci mer |aser beans B at a pitch of 20 ~ m Thus, each

poi nt sbftt ke gkassasubstpatie 4hesking gap having a gap 28
used to check the focus.

20 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°

25 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



irradiated with the | aser pul se of the excinmer |aser
beam B 20 tines. In this case, in the prior art, the
excimer 20 | aser beans B of short axis-wi se wdth
about 400 ~ mare optically adjusted at a | aser
oscillation frequency of a | ow pul se frequency of
about 1 to 50 Hz, nore preferably 25 Hz. That is, the
| aser oscillation frequency is rl&luced because
conventional CCD profiler 25 caneras that display an
anal ysis chart forned through adjustnent have a | ow

| oadi pgsspeethondglabnet thbrfl owi arér egiencyhef iBgge Hrurface
and because a display screen for 20 the anal ysis
char t ChB%2 BRT§ %0¥6%ﬁ¥é$@e%ﬁn§p%%dCOV%%ﬁt?h%h%n%?bﬁ%@s
silicon Ia%er on the substrate 4 is actually conyerted

i nto tHECREPYSFI FREnIPAgRr LOrMEALBxER AP XFHRRF HRAGE Peams.

| I f
i o TP LR RET b HePF R ST SR nBRP S AL ohRRF vba GOEIRG @ 5
Sthe 0?&&88{ BQJHéﬁEE”ES &b@ﬁ ééd %égdSQ I_llgheAg.m%léj%hsé‘rface

hi gh Trequency, &' exci mer: T aser - beans en1t
the lé§§6a@§9él&é}QécéingxbéQst3@a1Hr€hgl& erent ﬁaens
that exhibited at a 10 | ow frequency. The beans have a
| ar geg £ spreadxangte aks8B0p&BmEhBNhatihg bEsoedl €68ough
Furthernore, the orientation of |aser pulses at 300 Hz
i s di therenagérearthat atirb8thizeocotresstidusecans Bhe The
prior art, the first short axis 15 honogeni zer 24
havi ngrajeatdios bénsuB¥atedecesofhd70edn ebdbhned ekth
the second short axis honogeni zer 25 having a_radius

10of cueyainge taser2beamgi Bhdetie spanfpet asenripe pnesfifth.
short axis honD eni zer 24 and the second_short axis
honmogeni zeF'95948FSaFURBbLATE86 At 126CFALES Fﬁ@ad of the

Féﬁ'g?ﬁlr-*g%g;iﬁ%a?eg@as S R TRe GPhgsaDuparpar ar atRE' Sxcimer
He

hoagg%%lggrgggkcaﬁséggg 9e?n1ne§ F%%é?%??ggg(ﬁ§9;§Ctlon

25 Siq ﬁﬁ23?5 1rRe gﬁgsgogé digtange;t %i ﬁélléﬁCQBthat

i ngly, rst short axis onngen zer as a foca

15d'5taEH@ EmQQ?ﬁégs @@1980ﬁ0159é90895t59 Lhgs¥i sliBktYate 4 is
of the center of the first and second”short axis

honvgsmké@tédZGOaaedZEheIaptmbg109§ehsowtngh50ekbemér laser
spread angle at 300 Hz, the exciner |aser beans B have

an |nbéaﬁsesbean1d|aneter of up to about 1 nmm at the 5
posi tion of the second short axis honogeni zer 25.
Furt her nor &n the bithstr segrgnt beagesr24alefr Bheifi msuunted
short axi s honogeni zer 24 and the second segment
| ensesn2theotache savead shprratnbsaBoabgénsRert2sg device
each have a wdth of 2 nm As shown in FIG 3, the
20fjrst that measures the shapes of the excimer laser beams
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
25 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



10 short axis honobgeni zer 24 and the second short axis
honogeni zer 25 are designed so that the excinmer |aser
beans B di vi ded and condensed by the segnent |enses
24a of the first short axis honogeni zer 24 are each
incident on the center of the opposite second segnent
15 I ens 25a of the second short axis honobgeni zer 25.
However, as shown in FIG 5, witlh3the exciner |aser
beans B at 300 Hz, a variation in beamorientation and
an increase in beam spread angle are conbined with
each baber bheamauBe eBechtiesrnoee, | BserbbaanpBofpled 35
enter the second segnent | ens 25a adjacent to the one
on whheasuhes thecpeppash@es 05 beeiascdpar. lagen beams B
result, light |eakage and thus sidebands may occur. In
this %%E%? the anelrerf| BRerfbeaksmBrE@hnbt bas Peen

normal |y condensed on the gl ass,  substrate. 4. The .
e et TP SRRt DS puahat iy FReat bRS 1 heuhe 4y tne first
5 means, that the substantialy, beam i dth. of, £aGh, excLOE e,
aser beam B deCreases. Then, in an 297Xt r ene case,
the b i fot XLy .decrea
oo TEELE L yBle IE X DCK R BeaIBL et BRaten o
ti nestg@ChoRgi Ahd0Bhbhe gkassasHbstiahe. 4 is
irradiated with the | aser beam decreases to about 5
10. This rrpduegsthbebkhtepeeriibedi B50Makbe gkasSrement when
substrate 4. Thus, by, for exanple, setting the radius
of cuavatineetrga$ tachhéibstémsegoEinleleBS 24areplébed with a
first short axis honobgenizer 24 to 219 and setting the
10focal f19sdi srancéof ekampéefiegtesagdent hens gpacibically
438, it is possible to reduce the beam di aneter of
each akepheexehuer beaprBeeamshB gbcdPd-Begpehsesehaesg been

25a of the second shprt,axis honmogeni zer 25 down to
0.1 niPPhsedhowd i1 FItdmes, 1513 retu @V i4P - > hours.

bst anti b W dt h b t b tti t he,
Substant| 2l heamy i D con.be BrOKE e DY SELLRIN: 1 v
' | 2 460 .
cor 1 aPRRf! B8 BREONd,PPATPRL LENS 200,19, S80I oy oty

15 beansyar e ﬁeEﬁEQ&eriﬁgﬁtﬁ CiHEér'§§E53§Qt?8ﬁ”§%§a§5€us.

not normal 'y I ncident e correspondi ng seco

segnent | enges)28ai@f ckhergecandpsh9r koprSses the array

honogeni z. er 25. "Consequently, tﬁe Substantial fluence

on theupkessteubstrahe deenpasgbseowbet © domp¥ebes the glass

insufficient for production. 25 Furthernore, it is

possi blipsteatdel ewniop wWeethpstantnalleacharxphpent and has

| aser beam B is incident on the first short axis

honogeni zesul4tahgt heoppptopri @he gla@8s angberaby 4 has a

selecting the plurality of angles of the first mrror
2013, inseal Péd EPoseramplehe4Pasem ¢sciO Irpor An yiggrcoat

the first short axis hanogeni zer 24, and using the

beam pRYEE| &F 35 £BrMBdsOPeCPReM3hapeSBELRRE 8fekbPnBlLass

| aser beam B _at each of the sele lLurality of
ang|e§gbstrate 4 to prevent the 8&%gugion of ¥mpurities from

the glass substrate 4. The undercoat layer 41 1is
composed of SiNx and SiOx and formed by a plasma CVD
25 process.
An island-like polysilicon layer 2 is formed on

the undercoat layer 41. The polysilicon layer 2 is
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Specifically, a mcro actuator installed at the first
mrror 13 is used to renotely control the angle of the
first mrror 13 to select the plurality of 10 angles
of the first mrror 13. Then, the profiler 35 is used
to nmeasure the beam shape of each excinmer | aser beam B
at each of the selected angles of the first mrror 13.
Then, within the results of the Ifeasurenments of the
beam shape executed by the beam 15 profiler 35, the
angle of the first mrror 13 at which the exciner

| aser f berasdd Bohasrt el aakngunhée ndreasphyus ns eatboof laher
| ong axis direction and short axis direction is

sel ecdepoastetiecoptheugl gondsthbohrand 4dj wstedth@Oekxaimer
other_words, within the results of_ the neasurenents of
t he beapeshapanexBclitedldgerhenpeakipdofiler 35, the

angle of the first nirr%r 13 at which an intensitX
di stribut i BnIBEPvexoBEat hel by BPARPAGOL REr bedf ckample, a

profile, of the e cige | aser beam B al ong.at 25 Ieagt ,
one of LEHeoT oRi At ShBr ETEPL G 1 bot M EREL RASPFRRSTEY L5

| 1 oy . | E Rk
LaISEbREL DA L85 °60 805 £0: 88 L TGy 0P S T OORALEL G0 1ayer

the excimeg faserebeapmBicans be-aSSHEAt §FYa CRET G548 un-
by setting the [aser oscillation frequency used during

the neasysesRNLs1by (hewpeas psphédiesn 3Bhedyatet Ox18at £i1m
of the exciner laser 5 beam B required for conversion

into 4he pohyspbigenliayerldyer Thj stiopegatéooxenablesm 42,
the maxi m zati on of the beamw dth and fluence margin

of thehexgaterelaserotea#isB andt behgtasfosmbsheatieid. film
In other words, the 10 value of the fluence F2 can be

i ncr eas@dsiotenable the intensity of each exciner

| aser beam B to be properly adjusted all over the ,
surface of FHREhgrBSsesupsEParEc4reThas, 4hand Acfgaan region
on the glass substrate 4, the exciner |aser beans B ,
are stPfitiRAthtof cohvert 1PRRr 1518507 pRotePref| pEpnformed in

| into th | ili | 2. 1t i th
bovsi BI® RECAANGT abhtr ESSPeStLREeFieRE BF obliet pEpRyOF the
d . high vield t ,of i f
o RSP LAY Ryee 8, | SE9ER b e Phe dbk BE My e gace
hi gh Ll t .
Cupe; TRRkEbde By OVBhie | AFo8BEAERe CboLDEL ECBhARRYer 2

a Iarg@¢aﬂ@&ngm@&dbag@1gugél&w LRy heppesdtdt Bode 43 is not
pol ysilicon liquid crystal displays can be produced.

Thi s nekes bttpesssbleutespat cRahaeberagpont of

| ow-tenperature polysilicon liquid crystal displays,

25 whi ch aRe toneebtiyenalihyudatihqulft lho4fassmpoeddcef a

to practical use at a high yield with reduced costs.

I n thelihbove exrbodi fkehm, orhehkastkeossi Ebanednon Bbe gate
frequency used when the beam profiler 35 is used to
measueeidaef bémnfghapdsobteseieetnatiet 63t haFiobtt pentact
exci mer _| aser beans B for |aser annealing. However, if _
the beaheprofi pef 48 ean Earpgdolip ERecksteylaBasuinpglating

5 the am shapes only at a lLaser beam frequency | ower
f?fm 4% agg gateyoxgde f?lm 49 SO as go peXetrate 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.
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than that for |aser annealing, even if the beam shapes
are measured at the maxi mum | aser oscillation

frequency at which the beam profiler 35 can achieve
measurenents through oscillations, the angles at which
each 10 exciner |aser beamB is incident on the first
short axi s honpbgeni zer 24 and second short axis
honogeni zer 25 only slightly deviate fromits opti mum
val ues. Consequently, the manufacture of the thin film
transistor 3 is rarely affected. Therefore, this 15

met hod pro&ki desropeederdonedandlef fedrsisi milkarrede 52, and
t hose of the above enbodi ment. Furthernore, the

descri pfionabf Lihe ABRY eShetoli Fent SHRPAY 8Tt lghals are

| aser |rraghat|on aratus as. a | aser anneal
appar Sp e ?Ehtb?r F%%%%y?ﬁelﬁﬁuéﬁBF%ﬂoﬁél%|ﬁ?coﬁh%nsource

o et Poee Al fndl ki D) PRaRt e o o288, BEFRa SRS
| ayero 2. BOUENEL, CLig Laser i adkali 00, pDRALALUS. €30 51,

al so used to activa m such as anor

siliconeol tbg Si@é@réHQSSEatgné @get9139¥frilhé éPéoformed
the channel region 46 or the [ike. As déscribed above,

accorgdengrép &Rempreseat 1bpvessi ohantbentphensity 8%

each | aser beam can be 26 properly adjusted all over

t he taamsinaen(AsubstTht esbyrad] asethgodibesangbeedéctrically
the mirror to cause the short axis honobgeni zers to

adj ustonhecsddrtoakhs- swgecei dehioh éachibaskee bemst contact
and thus its intensity and then 5 irradiating the

anmor phobe 481 i cOrnNseat Evndulte odrahnt fpbecrapdeutents electri-
substrate with the | aser beans. 27 WHAT IS CLAI MED

| S: 1Gak‘He?ﬁ%@e6Fe¢a§%rth?r%ﬂ?h@iBﬁgé%ﬂpﬁﬁth@ the first
reflecti ali ear | aser beamfroma mrror to bend

an op??%ggcba?ﬂ ®f*?he | aser beam 5 adjusting a width

of the Ias min_th ho axis directio

Caser beantuRESECBEETEar : bl RO SobERERBY Phe Cher iBFErIaver
by 8 shoniafXhy PPIROPA! 268y 8001 ELAILALI BY A drain
anmor phous™ s on sem cbnduct oF on rans uten?

substratec whd the 'ﬁz\ss&l@?am‘a gesw grh ﬂfPeéncwsrs,

short axis direction is adjusted by the s ort axis

homogest zegampher er8d} he1h 8} easht yroént he FasReEqbsAM he
i s adj usted by adjustlng t he angle of the mrror. 2.

The nptbodcacceordibg 68. cl Bi sedondhesrtActheold 5hois formed
axi s honogeni zes has two cylindrical |lens arrays each

i ncl uthngha protattiyeofid(eghenantiensésrhavihgrt bé so as to
same radi us of curvature, and the nethod further
conprpbsesnsebetarhgwatpl thal drginfedagtesdef Sehe

mrror, measuring_the shape of each |aser beam at each

20 of the BéK8&t BUSELHPERFt jOoFhahgh&s BytHanAgaachEam
profller and a?%gstln an opti mum condition, the

angl eS8RIFRECH; ?ra?gﬁhgéﬁp%ﬁe nPBNEMEYCALSEr FbUEFEN

i ocP R oRS AR AL ar BES PhEPGNT LoGF ATRST BGuFFE BFectris

25 thSaTE9585§HSQE8d 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 5606,

An opposite substrate 61 is disposed opposite



10

15

3. The nmethod of l|aser irradiation according to claim
2, wherein a |aser oscillation frequency 28 used
during the neasurenents by the beam profiler is set
equal to that of the | aser beans applied to the

anor phous silicon sem conductor.

.AsL. A . As9. Asr. As9. AsL. As_. As
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2010 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 so 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%.
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In this state, the glass substrate 4 with the
concentration of hydrogen in the amorphous silicon
layer reduced is installed on a stage (not shown).

The stage 1s moved parallel with the short axes of the
beams at a pitch of 20 um, while irradiating the
amorphous silicon layer on the glass substrate 4

with the excimer laser beams B having a short axis of
width about 400 um. The amorphous silicon layer is
thus subjected 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 excimer 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 by 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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+2109RO (Formn10v@&' gPpurce region 44 and the drain region 45 at
the respective sides of the polysilicon layer 2. The
thin film transistor 3 is thus produced. The source
region 44 and the drain region 45 are formed by using
resist used to etch the gate electrode 43, as a mask to
dope impurities such as boron (B) or phosphorous (P) in
the areas at the respective sides of the polysilicon
layer 2 by an ion doping process or the like. At this
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
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
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.
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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array substrate 1 are disposed opposite each other.
The opposite electrode 62 is formed on one major
surface of the opposite electrode 61 which is opposite
the array substrate 1.

Then, the liquid crystal 63 is injected between
the opposite substrate 61 and the array substrate 1 to
complete a liquid crystal display.

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 um, and the stage with the glass substrate 4
placed on it is moved parallel with the short axis
direction of the excimer laser beams B at a pitch of
20 um. 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
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
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
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the analysis chart has only a low refresh speed.
When the amorphous silicon layer on the substrate
4 is actually converted into the polysilicon layer 2,
the excimer laser beams B have a laser oscillation
frequency of 300 Hz, which is one order higher than
that observed during the optical adjustment, that is, 1
to 50 Hz. At such a high frequency, the excimer
laser beams B emitted by the laser oscillator 11
exhibit nature different from that exhibited at a
low frequency. The beams have a larger spread angle
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 to 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
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first short axis homogenizer 24 and the second segment
lenses 25a of the second short axis homogenizer 25 each
have a width of 2 mm. As shown in FIG. 3, the first
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
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
enter the second segment lens 25a adjacent to the one
on which this laser beam B is to be incident. As a
result, light leakage and thus sidebands may occur. In
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
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10. This reduces the fluence margin on the glass
substrate 4.

Thus, by, for example, setting the radius of
curvature r of each first segment lens 24a of the first
short axis homogenizer 24 to 219 and setting the focal
distance f of the first 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.

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
beams B are not normally incident on the corresponding
second segment lenses 25a of the second short axis
homogenizer 25. Consequently, 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
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first mirror , installed closer to the laser oscil-
lator 11 than the first short axis homogenizer 24, and
using the beam profiler 35 to measure the shape of the
excimer laser beam B at each of the selected plurality
of angles.

Specifically, a micro actuator installed at the
first mirror 13 is used to remotely control the angle
of the first mirror 13 to select the plurality of
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
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.

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.
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beam B can be accurately corrected by setting the laser
oscillation frequency used during the measurements by
the beam profiler 35 equal to that of the excimer laser
beam B required for conversion into the polysilicon
layer 2.

This operation enables the maximization of the
beam width and fluence margin of the excimer laser
beam B on the glass substrate 4. 1In other words, the
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
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
exhibitiﬁg a high mobility all over the surface of the
glass substrate 4 and having uniform characteristics.
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 liquid 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
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measure the beam shapes is set equal to that of the
excimer laser beams B for laser annealing. However, if
the beam profiler 35 can carry out checks by measuring
the beam shapes only at a laser beam frequency lower
than that for laser annealing, even if the beam shapes
are measured at the maximum laser oscillation frequency
at which the beam profiler 35 can achieve measurements
through oscillations, the angles at which each
excimer laser beam B is incident 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
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1. A method of laser irradiation comprising:

reflecting a linear laser beam from a mirror to
bend an optical path of the laser beam;

adjusting a width of the laser beam in the short
axis direction of the laser beam whose optical path is
bent by the mirror, by a 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.

2. The method according to claim 1, wherein the
short axis homogenizer has two cylindrical lens arrays
each including a plurality of segment lenses having
the same radius of curvature, and the method further
comprises selecting a plurality of angles of the
mirror, measuring the shape of each laser beam at each
of the selected plurality of angles by using a beam
profiler, and adjusting, as an optimum condition, 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, within results of
the measurements.

3. The method of laser irradiation according

to claim 2, wherein a laser oscillation frequency
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