';e3é{vmeyXyp{6{T{aoL LASER ANNEALI NG CONDI TI ONS BACKGROUND OF THE
| NVENTI ON 5 The present invention relates to a | aser annealing nethod and

an appar at mning the | aser annealing conditions.
liquid cr ygiw*@mw,m%{ (LCD) provided with an insul ated gatﬂmmmmmmmm
filmtransis 0 using an anorphous silicon (a-Si) as a,pl xe

swi t chi ng el enéf¥%%re bei ng produced on a q?sq_production basi s. iﬁhever, a
TFT using an a-Si having a low electric field nobility (~ FE), which is not

hi gher than 1 cnR/Vs, is insufficient for realizing a high 15 perfornmance
di spl f, f l e, high | Sj hi . Onth h hand,
ﬁ%é%ﬂcﬁ;?%&ﬁwﬁpgﬁ@%&%%#W%ﬁﬁqwL£8;? -
. . : T . . > 20
o epared by | aschoErBaNEAT A" aNE ARPRRETDE, KR PEGERMINTRR i mer
| aser. This is EﬁgﬁﬁFEﬁNﬁﬁLEﬁel&5ﬁD?T?bﬁE per formance display of, for
rgh - op

exanpl e, high precrsion, erating Speed, and to also integrally

contain a driving circuit. 25 gar@d JRSEIE 74y (ELA), an a-S
deposited on a glass substrate Is Irradiated wth an excliner |laser so as to

convert the a-Si int@nhd preséntPehvehysbal kenatslsl iteoR. 1bBethiapnRtiled, the
exci mer | aser beam has, For exanple, a length of 250 mMmand a wdth of 0.4

nmon the surfagethbdt BRdaaki appheapukseobeastesmeachll ahed1aked00 Hz, and
the region irradiated 5 with each pulse is gradually noved so as to convert

the a-Si into aapnéytiygtabhdheishkicon. The liquid crystal displays

equi pped with a TFT prepared as above are collectively called | ow

t enper at ure pol ycrysPakkentlyi | LéqnidCbsystelThé splays JILZ®)opbrowdded

pol ycrystalline silicon, which is the factor for determ ning the electric
field nobility Wik an insuparedrgsteal tvne Shincéhlmrrransigtest I(FFT)
dependent on the energy density, or fluence of the irradiating, |aser beam
To be not® spechfFiRY @it AMAEPRAUSNEL baSeD| haThd) f PEeAcBiXEheSHLEFR1BPzEe of
t he polycrystaléine sglicon is also increased. In order .to obta hi gh

per for mance pol GLPYEREI PFRePEIPE cBROAGPHgOhnacheser PEORREFdoROBPRLEY & FE
not | ower than &ggeggglvg,Fﬁ@qgé%$§|%§ gF%ﬁUEgggnelghfrth?E8EQ§ val ue 20

of a certain fluence, F1” I'nCi _ “"Tluence™“denotes "the value
oot ned by T S96Rk ggpLheLongre S o el A Wl ren WD
Tre e | ST oEARPe e 2Rl L ohcR T RSt i e Lo
grains arg convgeiedrmfhBe display of, for example, high precision and
high speed.
On the other hand, an electric field mobility uFE
of about 100 to 200 cm?/Vs has been obtained in an
experimental TFT, by using a polycrystalline silicon
20 prepared by laser annealing, in which an a-Si is
irradiated with an excimer laser. This is expected to
realize a high performance display of, for example,
high precision, high operating speed, and to also
integrally contain a driving circuit.
25 In excimer laser annealing (ELA), an a-Si

deposited on a glass substrate is irradiated with an

excimer laser so as to convert the a-Si into a



- 3 mcrocrystalline grains. It is inpossible to obtain a TFT having the
desired characteristics by using such a mcrocrystalline silicon. The grain
size of polycrystalline silicon can be 5 determ ned by a so-called
"Secco-etching nethod”, in which the polycrystalline silicon is etched with
a Secco-etching solution and the etched surface is observed and neasured by
a scanning el ectron mcroscope. By using_this nethod, a fluence value of a
10 |l aser corresponding to a region in which“the grain size of the

pol ycrystalline silicon is sonewhat |large is selected. The fluence val ue

th | ected fall,s het F1 F2. It is th i bl e .t bt ai TFT
ha\lj?n;eaegegi regjoésyeccrteyﬁ\%ﬁfqil&edan 99y, fégewjlusfs I@%ﬁ}sqlfg ngoreo}b%ﬁ%‘?nﬁ :ti on
i nt it tl i - j i t f
oracking t he- urBeh S, M For (GGG O ALIEH! (6 28Tl R £

surface wi th an Al SEMandy Wiey idnd Athsedbd 0 dd I detpraige ghe

grain size. 20 erefore, Secco-etching s to | ow productivit

is known to thepai tikat ddia 1¢ptddnyR e o dihe Ileagfi%n S changedy W th
increase in the nunber of shots after the gas replacenent in the |aser
devi ce, meki ng iitheeeESARIIse Al }jradiia 19ptidiEa 2o cnNdid icshddmquaid | y.
Naturally, it is inpractical to enpl oy 5ecco-etching whenever the optinum
condition is obtaisiednto a pbdlyBRIVEESUMERY IQH chE | NWENTIiQW AN obj ect  of
the present invention is to provide a | aser annealing nethod that permts
obtai ni ng a TFT diypsited ailsipdlaysoleidquitppedl evittthes T mperendrstd ate dbosue f ace
with a high yield. Another object of the present invention is to provide an
apparat us for deétrer wiodiley ttitve loomdiltliesh lofw ttresudeasdruren el vanry s teddaimds ng
to an aspect of the present invention, 10 there is provided a |aser
anneal i ng net hod1Lii§omhilé®san anor phous silicon thin filmis irradiated
wth a li er beanlsoé@ﬁato convert the anor hfus silicon into

, r [

pol ycrystdlline sili TSt i6i4fy:© YioF ¥t 3o hotisl 6598 con il m

sample wi th 2 | G8SrPRAMAY ehR IS Gl WL S U 9 ST VA S

mobility uFE of the polycrystalline silicon TFT, is
greatly dependent on the energy density, or fluence of
the irradiating laser beam. To be more specific, with

15 an increase in the fluence, the grain size of the
polycrystalline silicon is also increased. In order to
obtain a high performance polycrystalline silicon
having an electric field mobility uFE not lower than
100 cm?/Vs, required is a fluence higher than the value

20 of a certain fluence, Fl. Incidentally, "fluence"
denotes the value obtained by integrating the laser
irradiation amount per unit area with time.

If the fluence value is increased to exceed F1,

the grain size of the polycrystalline silicon is

25 further increased. However, if the value of the
fluence is further increased to exceed F2, the

polycrystalline silicon grains are converted into



" conditions so as to prepare a plurality of polycrystalline silicon film
sanples having different grain sizes; allowng a |light beam having a
wavel ength region including a visible wavelength in a center to be 20
incident on the polycrystalline silicon filmat a first angle relative to a
line normal to a surface of the polycrystalline silicon filmand detecting
scattered light or reflected |ight at a secgnd_angle corresponding to a
direction different froma direction 25 of a regular reflection of the
incident light so as to nmeasure degrees of surface scattering of the plural
pol ycrystal line silicon film.samles and,zépus
C

Ago) "b?] otbt ai.n energy
ﬂen_si tyhpoRdi ti BHCE(?Hré’fgS&&& NG ngt‘aFlﬁleS “pol r]fstlél}ﬂcisr?el i9i coo][?k?qiaflrﬂ sanpl e
o et S50 AL A T a0y v v e SEOY

density to the energy y condition obtain 5 pre

as to determ nech%%pcﬁ\@i:,ﬁléq_lane%gg_]]qr&%r&y density; and irradiating the

anor phous silicon thi mw t aser beam at the set value of the
energy density determinedidid e A PG, SRk S0 A (9 CAEdY A Bde

| aser annealing. 10 According to another aspect of the present invention,
there is provi degtamapRd s - Gatiednivyaigdd-a gond nddhddsd im a

| aser anneal i ng nethod, in which an anorphous silicon thin filmis

irradi ated withwhilchsehd @ahyeeyat ald ieen\sdriti ddre ikd eradrgghauisttsid i con into
a polycrystalline silicon, conprising: a light source arranged to permt a
| i ght beam havi sgcaonetelhdmgt solediiom iamed uhengtahdadsishirfave/alsength in a
center to be incident on a plurality of polycrystalline silicon film

sanpl es havi ng dbisfegveist 220 gregisnireidz &y, a Iseayeliyy yestedttare silicon film
sanpl es being prepared by irradi ating anorphous silicon filmsanples with
| aser beam for FEEORCRRSy t MY AGHMS itdH sumethadhr iU vanagyadaitsialy @
conditions, at a first angle relative to a |ine normal .to_.a surface ,of the
25 pol yctPst al | ilAe e IG0EEF SPORALSH% 2 & SE8t tidY &P (T Mi29 he
scattered |ight reflected |ight .from.the polycrystalline silicon film
sanple to - 6°%Lé:ht?etpé’§1y§5y§tt% lslé"ceor?&lir?ﬁ%e lcsorsyo&eﬁi&ﬁﬁ ﬁgaﬁgoe adirection
different from g diselon ol 3hequlean, el GhiPL Al inpident 11ght; a
mechani sm f or obtaining energy &én3|ty condition corresponding to the 5

pol yerystal | | ne ideeen s lHe 33! e MauNEinhiess 4AU &% ptafidf 211 ng by
nmeasuring degree of surface scattering of the plural polycrystalline
silicon film samgltehaRMnighe GRISGERN 1@t @ dTEGhANY $BYiari tdgt &vaiig a set
val ue of the energy density by adding 10 a certain value of the energy
density 16 the emer Qusdensisiadl 1aendidn dm tehisdimedydaadiie wachani sm for
obtaining the energy density condition. Additional objects and advant ages
of the present inventHowewsd,| Seecetetfdriny irequieretesthre ptieps whif ch 15
follows, and in part will be obvious fromthe description, or may be

| ear ned by practar@éskdng Hdeprsadbsir ey e MArdYimthanol tedtingmnddvant ages of
the present invention may be realized and obtained by neans of the

i nst runment al i ti OPSEFY iEehrhsateieh S Iagam YL EHEFETEYN ARG hélSrar t er .
BRI EF DESCRI PTI ON THE SEVERAL VI E\\6 THE .DRAW NG The acconpanyi ng
drawi ngs, whi ch ir g;ilﬁ?éoﬁpg\r‘éé’tgeéji% &% NG $hf FRAHS 1

speci fication, il}lustrate enbodi nents of .the present invention...apnd 25

t oget her a\t?/i th t ﬁj(-?e&eer%rrﬁ’ SSCH pet |Ct51nlnﬁ vleer?dzfgécvoeelé’r‘f'd 7 ucfettlzﬁllt (o)

description of the erﬁi%q;’nqry S PP el PWhserve ﬁ&@xﬂ{@idbﬁﬂﬁm?” nci pl es

of the present

a

condition of the laser is changed with increase in the
number of shots after the gas replacement in the laser
device, making it necessary to obtain the optimum

25 condition frequently. Naturally, it is impractical to
employ Secco-etching whenever the optimum condition is

obtained.



invention. FIG 1 shows the construction of an exciner |aser annealing
apparatus used in enbodinent 1 of the present invention; 5 FIG 2 is for
expl aining the nmethod for determning the | aser annealing condition
according to one enbodi nent of the present invention; FIG 3 shows a
measuring nmethod of L* used for determning the | aser annealing condition
according to 10 one enbodi nent of the present i_nvention; FIGS. 4A and 4B
are graphs each showi ng the change in the value of L* relative to the
attenuator transmttance obtained froma spectroscopic variable angle

crbes Seeti onal ”b?v Chow ng THEE REREL R 1A Sﬂi%%ﬁ@gfaﬂ Pne si 1 con
; ) o0 . ) . ; . "

resent nvent | on. 2CADETA TED DEERS PHTERECE TRESP RVRRTEENETL P PkiGuA & o

the art that, |f%gghfuggﬁ%%qﬁ5%SH&%?§gaI@yg%rég%%gg?sggégfﬁiﬁﬁ 2 sppstrate

is subjected to Tasér anneall e varyi | uence, e surtace

irregularity is Héﬁgﬁgqg;mp 0 PRt o r 200t hent i pE g@@%t%§€?average

grain size of the ycrystalline sillcon is increased to I'm so as to
scatter light. There{ad evias & WEjhogi®fqobtaining _ g _ the optimm
| aser condition for converting an anorphous silicon thin filminto a
polycrystalline silicafothéen ébfsxbyoreans ptesbrt! daeenbeam igradi ation,
| aser annealing utilizing this condition can be used.

provide an apparatus for determining the condition of

the laser annealing.
According to an aspect of the present invention,
10 there is provided a laser annealing method, in which an
amorphous silicon thin film is irradiated with a laser
beam so as to convert the amorphous silicon into
polycrystalline silicon, comprising: irradiating an
amorphous silicon film sample with a laser beam for
15 determining the condition under various energy density
conditions so as to prepare a plurality of
polycrystalline silicon film samples having different
grain sizes; allowing a light beam having a wavelength
region including a visible wavelength in a center to be
20 incident on the polycrystalline silicon film at a first
angle relative to a line normal to a surface of the
polycrystalline silicon film and detecting scattered
light or reflected light at a second angle
corresponding to a direction different from a direction
25 of a regular reflection of the incident light so as to
measure degrees of surface scattering of the plural

polycrystalline silicon film samples and, thus, to



"5 F1 referred to previously exactly corresponds to the condition for nost
greatly scattering the light, and it is possible to find the optimum val ue
of F1 at that tinme regardl ess of state of the |laser by applying excinmer

| aser annealing (ELA) to a single substrate by 10 changi ng t he val ue of
fluence and by observing the substrate by naked eye. The margin of ELA
falls within a range of between F1 and F2, %gd it is nost desirable to

sel ect the fluence setting of ELA to be m dway between F1 and F2. 15 F1 is
changed depending on the state of the |aser. However, the value of (F2 -
F1) is substantially constant and, thus, it js possible to obtain the

opti mum ELA by &REGHG LBr0ai R eh@PE Pt FHaresirrderd Fhetidove
met hod can be enployed only in 20 the case where the size of,K the substrate
' not | arger &t S0/ ThA LG THTGIN | R TATRLE S A BT Han T hi o,

it is inpossible to manual | old the substrate, making if difficult to
observe [he subHITHeE B MRkl e SSHG A et T IR S b et gl o

t he rel ati onshi p, het. t i erd Welsts u t

pol ycrystal line dsél}?stil\éﬁ Oa{}ghré, %rﬁﬁ%%%iw_é%ﬁ}tnﬁ%h%%%{#% h%?gF%? n
size of t pol -] 4 i1d ; terd sti t

manuf act ulr?j:d tr ns%lé;%cglrr%d ?cﬁce?etéa(?:%b I@g%%{%%@ﬁ g%n%ﬁt f}%éfﬁ?? Oclgfs lgfgessi bl e,
Wi th a sensor seindigy &&id Al %%rfaﬂhﬁa%gﬂ'ﬁh@%ﬁﬁhéd@ SeEcdesul t
as that of observation with the naked eye of the operator, by detecting the
light incident ahih CRIiniwitdicl defderngdaan ot tiree bty cFyBidldf nensi | i con
formed by the | aser annealing, thus arriving at the present invention. 10
It is considereckreaasondd= o detcemsimsd] irhathd heresasdiatoe prey exd iam of
the polycrystalline silicon |ayer has the |argest hei ght when the

pol ycrystal | i ne tsi |[daoory last drheavierssge apregal isige of 0.3 um because the

| aser beam has a wavel ength of 0.3 um and the | aser beam 15 passing through
the opti ddl system hahcrdmens? t3neiker dpineoh of theipresent of 0.3 um
because of the interference of the light. Further, the surface projection
is not conical BERVEHiHe SHfFe ofs PITIgE P dRrRarabie fHat the

intensity distribytion 20 of the | aser, beamis inclined in the scannin
directi o% so as C{j R etrﬁf‘er%ﬁrﬁflg:%d'} i § HeP S Wit et | gn,

with the result that the coni.cal shape i ol | ed in.the nnj ng
direction. If arrfelqghcf&’bela{lmq‘fq’slcﬁlnca}nde or&’flhqqﬁse Sgi?rlf aocré%orflr%uécﬂ'%lsa

pol ycrystal line silj¢ { |.J% i i i
intensified in alsllcllealrdt\i%)cné%i@etc&t ith(e;nl,s%% fet{eérée}%t% r%%e%ie&ﬂ?‘?%?ir%&néof t he
regul ar neflectifrphousl®ilicds RASSIDIR TR Aydhingeondi fdan for the

hi ghest |ight scattering with a very high accuracy by arranging a sensor at
that angle. In tdugwisempnnedlidig: idatk dfridiggd esedemitivenigie it is
desirable to set the incident angle of the incident light to fall within a
range of betweebetin dredri5®y andvave ldetetdt ndwl gratnaneting ghtviesib e
reflected light in a direction of 10 to 35 or 55 to 80, particularly in the
direction of 30waielangtin igppogiantest dw dfe tincidmriteant 4 ighiraldityiok to
a line normal to the substrate. If the scattered light or the reflected
light is detect&Plivieuwstadirigq isod ¥aan i gl sanml ehavimge dHotfaraove, it
is possible to obtain the highest condition of the |light reflection or the
15 |ight “cat t erd5 Wit H7 &He WHRBY Foihaldyine silicon film samples

being prepared by irradiating amorphous silicon film
samples with a laser beam for determining the condition
under various energy density conditions, at a first
angle relative to a line normal to a surface of the

25 polycrystalline silicon film sample; a detector
arranged to permit the scattered light or reflected

light from the polycrystalline silicon film sample to



In the | aser annealing nmethod of the present invention, it is possible to
set the value of the specified energy density that is added to the energy
density corresponding to the highest condition of the 20 Ilight reflection
or the light scattering, to fall within a range of, for exanple, between 10
ml/cn2 and 40 mJ/cnR. The obtai ned energy density is mdway between F1 and
F2, particularly close to the center value hetween F1 and F2. It is
possible to carry out 25 optinum | aser annealing under the condition
obt ai ned by adding the energy density falling within the range noted above
to the condition of the ener densi t - fl correspondi ng_to the maxi num
scattering inte ?t‘%ﬁt%tée(gaé%ea ote TR RELS | SH ETR R HRASFR Pt 0 be added

i h dd | n_the thick f Ihe, h il fil d
For et or m ni ng THES RIhATLT BH o BThot & ARRLr RIE.OF hb VETD bt he

speci fied energy, I, ISt e 1g__algllfle caSe ] ner 256 1.t he L ncrease in
t he thickness ofr%dtﬁlgeséagn%?ﬁp@usﬂrgellﬁfglnd i mPla %t'i ggcfgcre%éjécfﬁwf(% decr ease

i the thi cknesspf {he ADIANANSIHd] CPL IR 10 EOFrE%38 a%?gﬁgj@ué he

ratio ds/d0 of the average v he thickness of
silicon fig m samgy8,d:9dtel Sandar O ok Uei OF e RaW chkpessgidst he
anor phous silicon thin filmto which |aser annealing is applied is not

smal I er than 0. Yayrks ot | afati ey Wy ndadlnei val degode thie @nmeffye density
to be added is 10 mi/cnR. Where the ds/dO ratio noted above is not snmller

than 0.94 and smddtereriran f Ahe tgibunaal yso Dfct et shkeid | @l Brwet gfi densi ty
to be added is 5 mJ/cnR2. Where the ds/dO ratio noted above is not smaller
than 20 0. 98 andsanuldserby Hehe daXctdr vaidiea olechmnspecfdr ed ener gy
density to be added is 10 m}/cn2 to 40 mJ/cnR2. Were the ds/d0 ratio noted
above is not snelet@rminng ozehdvahie |@f therenensy dersiy dey Addirg
specified energy density to be added is -5 mJ/cnR. Where the 25 ds/dO ratio
noted abde is rotCeiiervatidh af demPeTRy |14 Han O 1he tReXAY ue of

the specified engrgy. density to be added s - ml/ cn2. Further, where the
2 el d0°r at 1P TR CRRSE o A Hred Ty T AR 10 1t 1 o
desirable not ta . t.he pho ilicon thi j S a substrate for
determ ning the OCbZ?]aE%%%&We{ él}lsely&sp%gsciiéorfsgﬂi% (%Jés‘heé]lt%%arg’t t enuat or

transnittance 5 of t%é@@fgngfa&gi&@é a&‘?doédx’}é‘ﬁtﬁé;% 0y éia;tB_é_’eQénE he

| aser beam because the energy density 1s proportio to the t enuat or

transmttance. |ihJdicilaseriannealddyy mtind ofcideidiesgitidugiidpon, it
is desirable to forma plurality of 10 polycrystalline silicon film sanples

havi ng varg ous ol bwd Zesdnird b gl Sulsd radei dys | Fragli @td ng an

anor phous silicon filmsanple with a | aser beam for determ ning the

condi ti ons underdesryigtsi anerayy nen$d Yl earmbd imnprdatide sofages it is
possible to determne 15 very easily and efficiently the set value of the
energy density dafradenty dgwrerdsian. i . The abdiedtsandmdaitagedmf ttlons. In
t he apparatus according to one enbodi nent of_ the present invention for
det er m ni ng t he REESEN OO ARG AT RaoRE tinsi 264 anrd (i ined thy Jaransgs

phot ovol Lai ¢ ol GHort S ARSI b rih KRR 147 DS 3 HOLEHF Dhe,
vl | a5 &hr omrertreb el REHHRAS s ng the phot ovol 1ai o ol erent ot ed
above. According bprpRepfaRRILARAk 8F thE BEGRRRL viEWs oF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the present invention, and
25 together with the general description given above and
the detailed description of the embodiments given

below, serve to explain the principles of the present



' - 13 invention of the construction described above, it is possible to find
the condition for the highest light scattering with a very high accuracy by
detecting the light incident at a certain incident angle on a 5

pol ycrystalline silicon |ayer converted from an anorphous silicon |ayer by
the | aser annealing with a sensor at a certain angle. Also, it is possible
to produce TFT's having a high nobility ov the entire substrate surface
uniformy on the mass production 10 basis with a high productivity by
irradiating an anorphous silicon thin filmwith a |aser beamfor the |aser
anneal ing, the laser beamirradiati on being perfornmed by using a set val ue
of the energy deR¥FPY*BBrained by adding a certain value of the energy 15
density to the condi tion of energ ity .carr ndj tQ t Xi mum
scattering intensity%?%usgoS%Q%RegﬁeAéog%E§§ﬁ¥f%%iP%ﬁgg'%gg%nﬁ%dégﬁﬁggible
to manuf acture aner y talli iLicanql Lguid c

di splays with agﬁﬁ%hfgﬁgl%bg%?SEﬁgng§g gbogﬁgfﬁéhbggsﬁsk%tﬁggg ¥?%%&§s
difficult in the,pagtibg,menufacture such liquid crystal displays on the
mass production Ba5|s. Sone enbodi nents of the present invention will now
be descriged w th refegenge ko rhlte cxpaaipany el medhad Foy Enbodi ment |
After the gas replacenent for an exciner |aser, an - 14 experinent for
det erm ni ng t hedeptirmifiagndhti oasetoanhke llagecoadig¢abinngcebrdingmubphous
silicon was conducted under the conditions described below In the first
step, an a-Si thhe &mbodimehtshéwiheSpdepesitt édventaonhi ckness of 47 nm on
a glass substrate 11 arranged within an annealing chanber 10 was irradiated
with a | aser beamreF@&sed@ thowsaal aeesuribg Ietdody dfaddr usesediomg
apparatus shown in FIG 1. The irradiation_was perforned under 15

condi tions in tEpRBTrMANGNIt KBt LaASK ERAREL1PG: CORGATPD: RERORPERENEE) of
the | aser beamfalling within a ragge of between 70% and 98~. To be nore

speci ficiOthe i PREJPRPPEAMRAS BEr FBPBICRERT ATWPBLACHF 20 nm at a pitch of
1 that th f i tt 13 djusted 1 t
“nereace the tranom Eegice JPaEPn A5 GRS FARORA CATTRETSP R it SR EEm by
2~ h ti . he,1 L t ~..Ih bstrat

27 each {1 s0.gackg Sehu Rkt 5esandti o8 ol ad.aiueo.The sustaie

the substrate 20.-gnunkedahBe! 8BRaYASASEhofil a2Qp¥clrodRdplibe iy ahaagth of
the |l aser oscillation was set at 300 Hz. FIG shows the state of the

| aser irradiati gag1BetelBReRaREFEral 8mBBHien2l4 SHOWRC PrEkEent2 denote the
irradiating regions (20 mmx 250 mm) in which the a-Si thin film 25 was

irradi ated wt hiavkasebnbeapdwhose transmittance was controll ed by the
vari able attenuator 13. In this enbodinent, the condition that permts the
- 15 maxi num scatt efiIgg By ishe clresisysteicdn oniatlh vilesr sdloed. gy ehgas a
transmittance of 80~. The reflected |ight .
construction of a polycrystalline silicon active matrix
type liquid crystal display obtained in embodiment 2 of
the present invention.
20 DETAILED DESCRIPTION OF THE INVENTION
It is known to the art that, if an amorphous
silicon layer on the surface of a substrate is
subjected to laser annealing while varying the fluence,
the surface irregularity is rendered most prominent at
25 the time when the average grain size of the

polycrystalline silicon is increased to 0.3 um, so as

to scatter light. Therefore, as a method of obtaining



fromthe substrate 11 was neasured by using a spectroscopic variable angle
colorineter. The 5 colorinmeter was nounted to an optical mcroscope with a
renote control stage. It is possible to neasure automatically L* of the
scattered light of the | aser beam having each transmttance by utilizing
the stage function of the m croscope. Also, it is possible for 10 the
colorimeter to be nounted to the annealing ghanber 10. Used as the
detection signal was L* in "CIE (Comm ssion I nternational de 1 " Eclairage)
1976L*a*b* color space. L* is related to Y in the XYZ col or display system
as denoted by the fornula given below, 15 L* = 116(Y/YQ 1/3 16 Since Y
coi nci des with ttﬁb? IR IS Lasate Golittid 190 for pfb%‘é‘f?ﬁ 1P FELHIRPYS ace

of the scattering.i.ntensi.t.y hy. .the naked eye. L* measured in r.espect of
sanpl es differi ﬁ%%% %Hléhc%ll& hlé)rncol i t%c}/el%ﬁ%sn%@tslolrn% rs T atn}%ler? with
t he incident angl.g.6 fl.ectqi J§ﬂ§’j i n. Fl used as

par anet ers. Inci@d‘grﬂ %fy@@eah@eeorg éslﬁeoml/sg%ﬁa[%]% ?orurce ch;ha{ dlgse% or 32, a

sanpl e surface 33,,and Idﬂqi:?ﬂrgggrﬂ}pils t ddne: S \%q&gé@pe 33. FIGSs

4A and 4B show the results Iin respect of the neasure ues of L*. As

apparent forom FIGS. 4 airerredto Ahewididly Sédt1 PUtPte S5 A€ OOt ai ned

in the case where the reflecting angle B2 based on the nornmal line 34 is

set at 30, compaiRd adridi tiie cRse M erridier Inefd ot t i ranalies 82 gradt,ed above
is set at 70. On the 5 other hand, the difference due to the attenuator

transmttance i sarg dat ers ippddidleass whiarde tthee optcindentvalng e B8IF1 satset  at
45 than in the case where the incident angle 81 is set at 0, though the

di fference bet wedmt0 tamk Aedardistsssighidtiatantd§ e gease0 hinderp thieng
circunstances, it is reasonable to state that the incident angle Bl of 45
and the refl ect iaxfiamy d Errnofar@Earing dEIdcdlq ents gk rsUhp Wit thons.

In FIG 3, the light source 31 and the detector 32 are di sposed on the sane
pl ane, an@ partiAnging dhe el o FRARGE #19 PY RPFRT B ARERE of t he

beam Under the cqgndition iven above, the maxi num si gnal s obt ai.ned
when the attenuat tﬁ%‘?‘s}ii‘?t“aﬁ‘@éia\ﬁé@'setﬁhq W@lmé%&iﬁlﬁéq%mﬁlthe
result of observation by the . naked eye. The attenuator_ 20 transmittance can
be converted into ¥HWES IOLFIerPceet"bequ&I%I iaﬁ}({/!}ﬁzg tHe tl?Canlsﬁﬁr?qsa%ceesoﬁlraZP
because the fluengc e epuat g i t IS, 450
mi/cn2. It foll gtrvz\)rsesteﬁ}%q{ r{:teﬂéat é}neuat orscé{ﬁgalns sc{Etaén]%gQ%? %%égﬁ%waéaual to the

fluence of 25 3 unl&L:1 BRpdiarent 2: This enbodinment is directed to the
met hod of - 17

15 F1 is changed depending on the state of the laser.
However, the value of (F2 - Fl) is substantially
constant and, thus, it is possible to obtain the
optimum ELA by adding a certain fluence value to Fl.

However, the above method can be employed only in

20 the case where the size of the substrate is not larger
than 550 mm X 670 mm. If the substrate is larger than
this, it is impossible to manually hold the substrate,
making it difficult to observe the substrate by naked
eye.

25 The present inventors have studied the
relationship between the light scattering light amount

from the polycrystalline silicon layer, the surface



preparing a TFT array for driving a liquid crystal display. The thin film

. used was prepared by form ng an undercoat |ayer consisting of SiNx and Si Ox
on a glass substrate by a plasma CVD nethod, followed by formng 5 an a-S
filmto a thickness of 49 nmon the undercoat |ayer by a plasma CVD net hod.
The substrate was sized at 400 nmx 500 mm The a-Si filmthus forned was
subjected to a heat treatnent at 500C f 10 mnutes so as to lower the 10
hydrogen concentration in the film Thend, the thickness of the a-Si film
was obtai ned by the spectroeripso nmethod, with the result that the actual

t hi ckness of the a-Si filmwas found to t%g 4% @,Jlrgcr‘lyrmlltlﬁ\? condi ti on was
determ ned by utilizi 15,d heraiet Fod of° fbodiment 1. It has been found
that L* was maiRiEPTExi mimin the sa I@ig@véﬂgtmélenmw% tor

transm ttance of, 805. gg@mh@s@@an@%t%r T¥ear beam of an. exci is' aser
having an irr&tst?hg Size of 250 nm Ohgsnmaehhéolzndaﬂ‘@ udt or
transmttance ofn%ﬂgtb§§einbéahah§ed s set at 85~ by adding.p~ to 80~
noted above, &h@ e overlap was set %%tQQt.aThertaS@raﬁg ' was oper at ed at
300 Hz, and the )é\{bgteagezihavﬁn@epﬁQrsu strate di sposed the%%t%m noved at
a speed of 6 WWS. 25 A thin filmtransishor amstlfmte&fr@&) y the

l'i t hography t e Irpgggatwt_lusiﬂ? a?aﬁ“oq ycrystalline si I%c,%)&{illl 4 ai ned by
the | aseEY_ anneal i ng descri bed -Ofl h&beyer a e, em_(a ?_ ve matrix liquid
crystal displ ay; gevise ke Hrepared by using the thi nné%érrbﬁr@n& stor thus
prepared. FIG 5 shows the conEtrchégaamfl theigepfva trix liquid crystal
di spl ay device;tgus SnpiéﬂﬁFea. AsS shown in FIG g, Hgge§chhmea&angvx
liquid crystal display deéLc% %qggebﬁesoam@ﬁa§§ &ifstrate 501, a counter

gl ass substrat @oﬂi{d‘«raﬂsltéﬁ' 4% 6 face the gtsa,ss SLﬁbl%Ll{S.ate 501, and a liquid
crystal 512 arranged 10_vbet Negn difte pylesss dﬁg‘ﬁ"’a e 501 and the counter
substrate 514. ke GESY Sthstrate 501 is prgﬁldgg %h&ér@taﬁd}t%anY T
filter 510 and a pixeL eleggﬁﬁﬂéeﬁéd.rﬁhs@ﬁé ther hand, the.couniereglass
substrateg514 is provFdéd Wth a counter el cLpodeaplinel15i Machifid F¥%at

|l ayer 502 is forned on {Dggjggfiaﬁeoﬁftbﬂepa 4ss¥substrate 501, and;apn

anor phous si | i c6HTEEGEr Pis ' formed on th%lun@gbcgéqybaystaﬁézPeséi

anor phous silicon Igﬂ@'lggbﬁgtcmn¢@h¢ey et o a polycrystalligg si%%g@n

| ayer by the | a?@_rs anneal 1 ng et hod of, teh%%q)p_:r egmrbetAVent % e

pol ycrystal line hsa'rJA I%{)I‘h‘}@g}@j’e cﬁjf_taa}!%eqdlzby the | aser %gge :al ng beatsed for
form ng the TFT.”"To be nore speC|f|€¢.gfp@[ycpmsaaﬁ!| I"con source

regi on 504a and eg&lu@gystmﬁv¢h%n% icon drain region 504bngén§geyforned
on both sides of a sem conduct or #ayg{jt?%a ggshed BpsSpdlycrystal | ine
silicon bi al | prﬁgsbﬁghtbr_déghezj Gns¥6f the seni condug%géadsaélaffaﬂﬂaa to be
doped - 29 wi an inpurity, %qugtg@@glebécppédé”ﬁ I's formed above

t he senlconductogﬂgnﬁﬂbﬂﬁx9ﬁmqqla.gate i nsul atin Oﬂﬂ%%fédﬂﬁ&mﬁ

i nt erposed t herebetween. Sour cetl drad miejrﬁc.trc‘fdb@ are connected to the 5
source region 504 ek e & n regi on 504b, resp %igﬁéye éfiromugh
connecting holes formed jn agsiﬁégré@yemald@ﬁ?a}?ngg ayer 507. Alsg, a
protective fil m 5pgoiectbrret”to cover the sourc Aggﬁgmtgldistéaég 588.
Further, the color fil terdSégn@r}d wheepEReE ¥B8%ef€cirode 511 are formed,to
cover the protect ceélPPPRI509. Since TFT g .exhi gint ipg exeebliagt d1Xe
characteristics can gﬁepr%ggge%emm.dhe}ﬁ§§§n§ro uction basis by usggg;the

| aser annealoi ng métth ofl the present i nvent i £51 ek cﬁersd?rhebe?fa&new ously,
it is possible to nmanufac u&rm &itgiiﬂRﬁFé}tiUtS/ 17 quid crystal digﬁ)lgg devi ce
with a very high Wi®IY As described abov&* %ntggtat]he aeebedt ng o t he
present invention, jil L8ioR5swhte the fTRAt he condi tion

anning direction.

collapsed in the sC ot .

inci he su
1f a light beam is jncident on t

ring of the
talline silicon £ilm, the scatte
a » »
- a certain direction,

25 a poly

1ight beam is intensified in

lar reflection.
¢ from the direction of the regu
differen



20 of the highest light scattering with a very high accuracy by detecting
the light incident at a certain incident angle on a polycrystalline silicon
| ayer fornmed by the | aser annealing with a sensor in a certain angle. Al so,
it is possible to produce 25 uniformy TFT's having a high nobility on the
entire substrate on the mass production basis wth a high productivity by
carrying out a laser annealing, in - 20 ich an anorphous silicon thin
filmis irradiated with a | aser bean1by'bsiﬂ@ a set value of the energy
density obtained by adding a certain energy density value to the energy

density condition corresponding to_the 5 maxi nym scattering depsjity thus
obtained. It folllowksS tRRASIIMkS p?%s%‘rﬂgi%n‘f‘?lgﬁl%%n e Fie %%]il%%/te to

fact I t t I ystallli il | i quid tal displ
on the mass produtd} o HHETS WY VA b DY ST Ll RSV ERF LY ST RRGH Tt
was 10 difficult i eﬁgg%gﬁ§gﬂgq:@%%g$cture the | ow tenperature

pol ycrystal |l i ne silicon I|qU|dacrys al* display on the mass production

basis. Additional advant O?%€Q€% .ééffﬂQQHétﬂﬁﬁl?fe@ﬂélﬁrgggﬁﬁ to those

skilled in the art. ere e present rnvention i r oader

aspects ig not lifgd:di 40, the Spesddifaiel aid Zs@@dtt&@p{ﬁéf&%ﬁ%iéf le of

enbodi nents shown and descri bed herein. Accordingly, various nodifications
may be made wi t haid ﬂaﬁadéwgl%gmwefaspi Niitoin S€opgnd shergenesrl 40°
inventive 20 concept as defined by the appended clainms and their

equi val ents. -ardd 50AHARd SoCAtNER Ithe kcaAteazey ldarpealdmaheet hod, in
whi ch an anor phous silicon thin filmis irradiated with a | aser beam so as
to convert the amflFmied siighltonin rd olirqoot am ysf a1 09 ee S5°1 oonp5° to
conprising: irradiating an anmorphous silicon filmsanple with a | aser beam
for determ ning 8He pexdicidardyddn he cigestdogy ofedd’t yosohbeti ons so as

to prepare a plurality of polycrystalline silicon filmsanples 10 having
di fferentlQyrai n appRsstte side "of "the incident light relative to a line

‘normal to the substrate. If the scattered light or the
reflected light is detected in the direction falling
within the range noted above, it is possible to obtain
the highest condition of the light reflection or the

15 light scattering with the highest accuracy.

In the laser annealing method of the present
invention, it is possible to set the value of the
specified energy density that is added to the energy
density corresponding to the highest condition of the

20 light reflection or the light scattering, to fall
within a range of, for example, between 10 mJ/cm? and
40 mJ/cm2. The obtained energy density is midway
between F1 and F2, particularly close to the center
value between Fl and F2. It is possible to carry out

25 optimum laser annealing under the condition obtained by
adding the energy density falling within the range

noted above to the condition of the energy density



“allowing a light beam having a wavel ength region including a visible

wavel ength in a center to be incident on said polycrystalline silicon film
at a first angle relative to a line normal to a surface of 15 the

pol ycrystalline silicon filmand detecting scattered |light or reflected
light at a second angle corresponding to a direction different froma
direction of a regular reflection of said iqpi@pnt light so as to nmeasure
degrees of surface scattering of said pIur&I 20 polycrystalline silicon
filmsanples and, thus, to obtain energy density condition corresponding to

the polycrystalline silicgn fil m sanpl e having highest degree of scattering
addi ng a certai FNFZEFEOCIBT Gy rﬂ%ﬁﬁ}“ﬂ?tﬁ#@?ﬁ%%ﬁﬂ%gﬁ? i%% condition

btained in th i t to det ! t |, f th

donai Ty, and | -"20. S SAT R SR BATHSL 19 A kR h e
| aser beam at ' haqsel Al dled He-R0RhaY denSly dLAIgedd R
preceding step sO as to carry out the |aser annealing. : e laser

anneal i ng net ho i<NQ st ali . i iTiSts of said
i nci dent | i ght %?%%g’ﬂ{z’gls5%,llgr?§5sé‘cim&q“sél\g{é?rer%é’g H%ﬁ?“%fmr flgtlé%t ed light is

detected at the 38668Rd ANl @c0helBor® 3pe@ifie,! @0 AN R ORPRSi te side
of said incident light 10 relative to a line normal to said polycrystalline

silicon film 3spkke fliageenanrgakicns it oG taGeORd B AdEHRii® 1, wherein
the value of the energy density added to said energy density condition
falls within a jiasgeatedowiltet veerehCeminc thecanthidknalscit the The | aser
anneal i ng net hod according to claim1, wherein the value of the energy
density added t eamsapticmisesgy idensiftiymcamdi tiisowleics ealsanaged tie plendieageon t he
t hi ckness of said anorphous silicon filmsanple. 20 5. The | aser annealing
met hod accordi ngnt §he thickness of the amorphous silicon film.

10 For example, where the ratio ds/d0 of the average
value ds in the thickness of the amorphous silicon film
sample to the standard value dO in the thickness of the
amorphous silicon thin film to which laser annealing is
applied is not smaller than 0.9 and smaller than 0.94,

15 the value of the energy density to be added is
10 mJ/cm?. Where the ds/d0 ratio noted above is not
smaller than 0.94 and smaller than 0.98, the value of
the specified energy density to be added is 5 mJ/cm2.
Where the ds/d0 ratio noted above is not smaller than

20 0.98 and smaller than 1.02, the value of the specified
energy density to be added is 10 mJ/cm2 to 40 mJ/cm2.
Where the ds/dO ratio noted above is not smaller than
1.02 and smaller than 1.06, the value of the specified
energy density to be added is -5 mJ/cmZ2. Where the

25 ds/d0 ratio noted above is not smaller than 1.06 and

smaller than 1.10, the value of the specified energy

density to be added is -10 mJ/cm2. Further, where the



"claim4, wherein the value of the energy density added to said energy
density condition is decreased with increase in the thickness of said
anor phous silicon filmsanple. 25 6. The | aser anneal i ng nmethod accordi ng
to claim4, wherein the value of the energy density added to said energy

density condition is 10 mJ/cn2 in the - 23 case where ratio ds/dO of
average value ds in a thickness of the anorphous silicon filmsanple to
standard value dO in a thickness of the a hous silicon thin filmto

which a | aser annealing is applied 5 is not smaller than 0.9 and smaller

than 0.94, is 5 in the case where ds/dO, rati g noted above is not
smal | er than 0. ng/éﬁgﬂrsarﬁlq é}oqeﬁirﬁkﬁ?‘%,l‘? ssni"t‘)ll:ﬁy 2R o0 40 Y FHCESES he

where ds/d i 0. ,not ed, ab, t |l er, than 0.98 and smpl |
Chan 10102, 13 B LI ERETherd 19 dE°S AT RE ST s not

oher e ds) do a8 bt e T @ (L e T8 e TR e e R
1.10 and, where ds/dOryaid A0l athaboyS,de SHB!deLed At D, Ofardon PLexCE S

1.10, the anorphous silico II'mis not used as a subs

det erm ni g the ondid iIQker beHe IR MacINSRIHNY JRINPH SGeorE) NG th &l ai m

1, wherein the attenuator transmttance of the | aser beamis used in place

of the energy densidy vfambeivhd asrl &ragy dendiry aserpadieat i gy et hod
according to claim1, wherein a plurality of said polycrystalline silicon

fil msanpl es hawWongheardtengitam tdaresnitritearfoy med on a single substrate.
25 9. An apparatus for determning the condition used in a | aser annealing
met hod, in which an diorigimusa st iaoedhing fmetheod of rddde gbessewt h a | aser
beam so as
invention, it is desirable to form a plurality of
10 polycrystalline silicon film samples having various
grain sizes on a single substrate by irradiating an
amorphous silicon film sample with a laser beam for
determining the conditions under various energy density
conditions. In this case, it is possible to determine
15 very easily and efficiently the set value of the energy
density of the laser beam, i.e., the laser annealing
conditions.
In the apparatus according to one embodiment of
the present invention for determining the laser
20 annealing conditions, it is possible to use, as the
means for detecting the scattered light or the
reflected light, a photovoltaic element selected from
the group consisting of a photodiode, a CCD, a MOS
transistor, a photomultiplier and a biplanar phototube,
25 as well as a chromameter or a colorimater using the

photovoltaic element noted above.

According to one embodiment of the present



- 24 to convert said anorphous silicon into a polycrystalline silicon,
conprising: a light source arranged to permt a |light beam having a
wavel ength region including a visible 5 wavelength in a center to be
incident on a plurality of polycrystalline silicon film sanples having
different grain sizes, said polycrystalline silicon film sanples being
prepared by irradiating anorphous silicon fij{msanples with a [aser beam
for determning the condition 10 under various energy density conditions,
at a first angle relative to a line normal to a surface of the

I 1 silicon fil I d ] h
Coat terod 11 gnt SIS RB SO TS O St e 51 ot et d) TTAE 51 11 b 15
filmsamle o e detocs ad, ai; f SSEONLANAL &£ FELSAANU NS & fygecti on

Ir EC]t re Jl o1 sal

different from ion of a regular ection i ncide l'i ght;
a mechani sm for i angy. qQﬂﬁit - i g pondi t he
polycrystalline si t?dce(rjynﬂ?% ﬁ%egfg asarrp e_%a@?%%}l%%%e}gg%ggree o]pg%c%%ét ering
by measuring degrigmtofi irdane scal tadr il 0fi il b W1 PAycd ystal line
silicon filmsanpl'es by said detector; and a nechanismior determning a

set val ue sof t he2yanartgyl densidiyl inoradd yar acsefdtidd viaddie &f t he energy
density to the energy density condition obtained by said nmechani sm for

obt ai ni ng the enstapphtensidiylicon 2ayeonsly tilon. ldder TAreneappaiqatwistH ot
determ ning the | aser annealing condition according to claim9, wherein the
first angle of sEmsdmctdentcditgin iangl®e t 0 Ao and 5 s pabsidate ered | i ght
or reflected light is detected at
produce TFT’s having a high mobility over the entire
substrate surface uniformly on the mass production
10 basis with a high productivity by irradiating an
amorphous silicon thin film with a laser beam for the
laser annealing, the laser beam irradiation being
performed by using a set value of the energy density
obtained by adding a certain value of the energy
15 density to the condition of the energy density
corresponding to the maximum scattering intensity thus
obtained. As a result, it has been made possible to
manufacture low temperature polycrystalline silicon
liquid crystal displays with a high yield on a mass
20 production basis, though it was difficult in the past
to manufacture such liquid crystal displays on the mass
production basis.
Some embodiments of the present invention will now
be described with reference to the accompanying
25 drawings.

Embodiment 1:

After the gas replacement for an excimer laser, an



the second angle in a direction of 10 to 35 or 55 to 80 on the opposite
side of said incident light relative to a line normal to said
polycrystalline silicon film 11. The apparatus for determ ning the |aser
10 annealing condition according to claim9, wherein said detector is
formed of a photovoltaic el enment selected fromthe group consisting of a
phot odi ode, a CCD, a MOS transistor, a QhoHquL;iplier, and a bi pl anar
phot ot ube, or a chromaneter or a colorimater using said 15 photovoltaic
el ement. 12. The apparatus for determning the |aser annealing condition

according to claim10, erein e val ue of _.the ener density added to
sai d energy denﬁﬁﬁfﬁﬁﬂéﬁhii%Ff rﬁ%f%ﬁﬁ*ﬂ?\%?%éﬁﬁ@' &ﬁ%é;a gﬁfjﬁ%ﬁﬂ/cnﬂ
and 40 mJ/ cnR. gﬁ%’}? 'Ii[le eagrlopar at us, foro et.erm ni 1}sheS | Ser ananeal i ng
condition according TG AW 1 S T of céhé?d? density

added to said e [ jLi {. G ! [ t he
t hi ckness 25 OfQ%gl éﬁ%ﬁﬁﬁ%ﬁ%pgﬂﬁ(éﬁ##fﬁ%?ggg%%%gﬁﬁﬁggfﬂguggbaratus for
determ ni ng the |aserpanigal ¢ Ngscandid | ofy, accof digh 165 Gh a[ A d3sndrey i n

the - 26 value of the energy density added to sai d energy density

conditionsg s deRasadad i inciigasedss tde 4Nimknassa Al 5 i Rhaus
silicon filmsanple. 15. The apparatus for determning the |laser 5

anneal i ng condi tlilorxracanyel /g dhirclaal Mnhkha MWhey ethandwr Vied ugaof the energy
density added to said energy density condition is 10 mJ/cnR2 in the case
where rati o ds/ ddrafdidtedwirdge Vagder dsedm ree lidd sddiefrsomfa tlhes eamoryidwous
silicon filmsanple to standard value dO in a 10 thickness of the anorphous
silicon thin fillif tof whiledsexr laagwaldmypeaprayrdtiamiavwed ds Fidd. shal IBre t han
0.9 and smaller than 0.94, is 5 mi/cn2 in the case where ds/dO
irradiation was performed under 15 conditions in terms
10 of the transmittance (attenuator transmittance) of the
laser beam falling within a range of between 70% and
98%. To be more specific, the irradiation was
performed with a width of 20 mm at a pitch of 1 mm so
that the angle of a variable attenuator 13 was adjusted
15 so as to increase the transmittance (attenuator
transmittance) of the laser beam by 2% each time so as
to set up the 15 conditions noted above.
The substrate 11 was sized at 400 mm X 500 mm, the
forwarding pitch of the stage having the substrate
20 mounted thereon was set at 20 um, and the wavelength of
the laser oscillation was set at 300 Hz. FIG. 2 shows
the state of the laser irradiation. Reference numerals
201 to 214 shown in FIG. 2 denote the irradiating
regions (20 mm X 250 mm) in which the a-Si thin film
25 was irradiated with a laser beam whose transmittance

was controlled by the variable attenuator 13.

In this embodiment, the condition that permits the



rati o noted above is not smaller than 0.94 and snmaller than 0.98, is 10
ml/cn2 to 40 mi/cnR2 in the case where 15 ds/dO rati o noted above is not

smal ler than 0.98 and snaller than 1.02, is -5 mJ/cn2 in the case where
ds/dO ratio noted above is not smaller than 1.02 and smaller than 1.06, and
is -10 ml/cn2 in the case where ds/d0O ratio noted above is not smaller than
1.06 and smaller 20 than 1.10 and, where_the_ds/dO ratio noted above is
smal l er than 0.90 or exceeds 1.10, the anorgﬁous silicon thin filmis not
used as a substrate for determ ning the condition.d16. The ?ppargtuahfor
determning the | aser 25 annealin ondition according to claim?9, erein
t he attenugtor tpgﬁ%WPptﬁﬁEE%SFlpae Vagb? BgéﬁFyét&QdeﬁﬁhpFQFenéﬁe@he

ener density o ajd_las ar - 27 The, appar_at u or. _
dete?%ining t%e %Xéekggn%egﬁﬁﬁgmggﬁapFFoﬁfaé@%rdiﬁ&etgeéﬁﬁf eg,l%HQFeln a
plurality of sai gdrpal YREYshakEge.shhi GoY LLLUL2aEPLES JAqygng various grain
sizes are forned on a single Substrafe’

-A9H9-AL-A3-AW-A%p@ce%osécpchﬁa@iEbfé—aﬁﬁié'ébﬁgréagté§:A\Tﬁ%'A'ALr'A\'AL'
As. AL. . A/ 98n_ "Xy

PQ ~} xsni d3 Z] ca] ea] 62} wat e2] wakcabaateal ea sal spteakeahsalcalepleal ¢l gal ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]jca]cTa!0 51 m
remote control stage. It is possible to measure
automatically L* of the scattered light of the laser
beam having each transmittance by utilizing the stage
function of the microscope. Also, it is possible for
10 the colorimater to be mounted to the annealing chamber
10. Used as the detection signal was L* in “CIE
(Commission International de 1 ‘Eclairage) 1976L*a*b*
color space. L* is related to Y in the XYZ color
display system, as denoted by the formula given below:
15 L* = 116(Y/Yg)1/3 - 16
Since Y coincides with the luminous reflectance,
it is possible to use L* in place of the scattering
intensity by the naked eye.
L* was measured in respect of samples differing
20 from each other in the attenuator transmittance, with
the incident angle 01 and the reflecting angle 62
shown in FIG. 3 used as parameters. Incidentally,
FIG. 3 shows a light source 31, a detector 32, a
sample surface 33, and a line 34 normal to the sample
25 surface 33.
FIGS. 4A and 4B show the results in respect of the

measured values of L*. As apparent from FIGS. 4A and
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Under the conditions given above, the maximum
signal was obtained when the attenuator transmittance
was set at 80%, which coincides with the result of
observation by the naked eye. The attenuator
20 transmittance can be converted into the fluence by
multiplying the transmittance by 4.5 because the
fluence under the attenuator transmittance of 100% is
450 mJ/cm?. It follows that the attenuator
transmittance of 80% is equal to the fluence of
25 360 mJ/cm?.
Embodiment 2:

This embodiment is directed to the method of
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preparing a TFT array for driving a liquid crystal
display. The thin film used was prepared by forming an
undercoat layer consisting of SiNy and SiOy on a glass
substrate by a plasma CVD method, followed by forming
5 an a-S8i film to a thickness of 49 nm on the undercoat
layer by a plasma CVD method. The substrate was sized
at 400 mm X 500 mm.
The a-Si film thus formed was subjected to a heat
treatment at 500C for 10 minutes so as to lower the
10 hydrogen concentration in the film. Then, the
thickness of the a-Si film was obtained by the
spectroeripso method, with the result that the actual
thickness of the a-Si film was found to be 49.5 nm.
Then, the condition was determined by utilizing
15 the method of embodiment 1. It has been found that L*
was rendered maximum in the sample having the
attenuator transmittance of 80%.
Then, used was a linear beam of an excimer laser
having an irradiating size of 250 mm X 0.4 mm, the
20 attenuator transmittance of the laser beam used was set
at 85% by adding 5% to 80% noted above, and the overlap
was set at 95%. The laser beam was operated at 300 Hz,
and the XY stage having the substrate disposed thereon
was moved at a speed of 6 mm/s.
25 A thin film transistor was prepared by the
lithography technology by using a polycrystalline

silicon film obtained by the laser annealing described
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thus prepared. FIG. 5 shows the construction of the

active matrix liquid crystal display device thus

5 prepared.

As shown in FIG. 5, the active matrix liquid

crystal display device comprises a glass substrate 501,

a counter glass substrate 514 arranged to face the

glass substrate 501, and a liquid crystal 512 arranged

10 between the glass substrate 501 and the counter

substrate 514. The glass substrate 501 is provided

with a TFT, a color filter 510 and a pixel electrode

511.

On the other hand, the counter glass substrate

514 is provided with a counter electrode 513.

15

An undercoat layer 502 is formed on the surface of

the glass substrate 501, and an amorphous silicon layer

is formed on the undercoat layer 502, said amorphous

silicon layer being converted into a polycrystalline

silicon layer by the laser annealing method of the

20 present invention.

The polycrystalline silicon layer obtained by the

laser annealing is used for forming the TFT. To be

more specific, a polycrystalline silicon source region

504a and a polycrystalline silicon drain region 504b

25 are formed on both sides of a semiconductor layer 504a

formed of polycrystalline silicon by allowing both side

regions of the semiconductor layer 504a to be doped
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respectively, through connecting holes formed in an
interlayer insulating layer 507. Also, a protective
film 509 is formed to cover the source/drain electrodes
508. Further, the color filter 510 and the pixel

10 electrode 511 are formed to cover the protective
film 509.

Since TFT’'s exhibiting excellent characteristics
can be produced on the mass production basis by using
the laser annealing method of the present invention as

15 described previously, it is possible to manufacture a
high quality liquid crystal display device with a very
high yield.

As described above in detail, according to the
present invention, it is possible to find the condition

20 of the highest light scattering with a very high
accuracy by detecting the light incident at a certain
incident angle on a polycrystalline silicon layer
formed by the laser annealing with a sensor in a
certain angle. Also, it is possible to produce

25 uniformly TFT’s having a high mobility on the entire
substrate on the mass production basis with a high

productivity by carrying out a laser annealing, in
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0 % laggg %Lam;%y using a set value of the energy density
obtained by adding a certain energy density value to
the energy density condition corresponding to the
5 maximum scattering density thus obtained. It follows
that the present invention has made it possible to
manufacture low temperature polycrystalline silicon
liquid crystal displays on the mass production basis
with a high yield and a low cost, though it was
10 difficult in the past to manufacture the low
temperature polycrystalline silicon liquid crystal
display on the mass production basis.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
15 the present invention in its broader aspects is not
limited to the specific details and representative
embodiments shown and described herein. Accordingly,
various modifications may be made without departing
from the spirit or scope of the general inventive

20 concept as defined by the appended claims and their

equivalents.
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beam so as to convert the amorphous silicon into
5 polycrystalline silicon, comprising:
irradiating an amorphous silicon film sample with
a laser beam for determining the condition under
various energy density conditions so as to prepare a
plurality of polycrystalline silicon film samples
10 having different grain sizes;
allowing a light beam having a wavelength region
including a visible wavelength in a center to be
incident on said polycrystalline silicon film at a
first angle relative to a line normal to a surface of
15 the polycrystalline silicon film and detecting
scattered light or reflected light at a second angle
corresponding to a direction different from a direction
of a regular reflection of said incident light so as to
measure degrees of surface scattering of said plural
20 polycrystalline silicon film samples and, thus, to
obtain energy density condition corresponding to the
polycrystalline silicon film sample having highest
degree of scattering;
adding a certain value of energy density to the
25 energy density condition obtained in the preceding step
so as to determine a set value of the energy density;

and
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irradiating said amorphous silicon thin film with
a laser beam at the set value of the energy density
determined in the preceding step so as to carry out the
laser annealing.
5 2. The laser annealing method according to
claim 1, wherein the first angle of said incident light
is 40 to 50°, and said scattered light or reflected
light is detected at the second angle of 10 to 35° or 55
to 80° on the opposite side of said incident light
10 relative to a line normal to said polycrystalline
silicon film.
3. The laser annealing method according to
claim 1, wherein the wvalue of the energy density added
to said energy density condition falls within a range
15 of between 10 mJ/cm? and 40 mJ/cm2.
4, The laser annealing method according to
claim 1, wherein the value of the energy density added
to said energy density condition is changed depending
on the thickness of said amorphous silicon film sample.
20 5. The laser annealing method according to
claim 4, wherein the value of the energy density added
to said energy density condition is decreased with
increase in the thickness of said amorphous silicon
film sample.
25 6. The laser annealing method according to
claim 4, wherein the value of the energy density added

to said energy density condition is 10 mJ/cm? in the
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case where ratio ds/d0 of average value ds in a
thickness of the amorphous silicon film sample to
standard value d0 in a thickness of the amorphous
silicon thin film to which a laser annealing is applied
5 is not smaller than 0.9 and smaller than 0.94, is
5 mJ/cm? in the case where ds/d0 ratio noted above is
not smaller than 0.94 and smaller than 0.98, is
10 mJ/cm? to 40 mJ/cm? in the case where ds/d0 ratio
noted above is not smaller than 0.98 and smaller than
10 1.02, is -5 mJ/cm? in the case where ds/d0 ratio noted
above is not smaller than 1.02 and smaller than 1.06,
and is -10 mJ/cm? in the case where ds/d0 ratio noted
above is not smaller than 1.06 and smaller than 1.10
and, where ds/d0 ratio noted above is smaller than 0.90
15 or exceeds 1.10, the amorphous silicon thin film is not
used as a substrate for determining the condition.
7. The laser annealing method according to
claim 1, wherein the attenuator transmittance of the
laser beam is used in place of the energy density of
20 sald laser beam.
8. The laser annealing method according to
claim 1, wherein a plurality of said polycrystalline
silicon film samples having various grain sizes are
formed on a single substrate.
25 9. An apparatus for determining the condition

used in a laser annealing method, in which an amorphous

silicon thin film is irradiated with a laser beam so as
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to convert said amorphous silicon into a
polycrystalline silicon, comprising:
a light source arranged to permit a light beam
having a wavelength region including a visible
5 wavelength in a center to be incident on a plurality of
polycrystalline silicon film samples having different
grain sizes, said polycrystalline silicon film samples
being prepared by irradiating amorphous silicon film
samples with a laser beam for determining the condition
10 under various energy density conditions, at a first
angle relative to a line normal to a surface of the
polycrystalline silicon film sample;
a detector arranged to permit the scattered light
or reflected light from said polycrystalline silicon
15 film sample to be detected at a second angle
corresponding to a direction different from a direction
of a regular reflection of said incident light;
a mechanism for obtaining energy density condition
corresponding to the polycrystalline silicon film
20 sample having highest degree of scattering by measuring
degree of surface scattering of said plural
polycrystalline silicon film samples by said detector:;
and
a mechanism for determining a set value of the
25 energy density by adding a certain value of the energy

density to the energy density condition obtained by

said mechanism for obtaining the energy density



| 109 ()-F -109% ()-Y 109 ()-mLO% ()-?{|P||||}dEYNC 10z! F !SI10% ()-3 ,
109&' ()-F 9-109& ()-Y 1 109 ()-"y 10% ()-F 10%&' ()-t}?}wt}}~G-dEYNC 10z!
L& #109& ()-Y F+109%& ()-3 f)3109%& ()-F ' S109%& ()-Y
V0% ()- #10%&' () - G-s~~~~KJEYNC 10z! F f810%& ()-L6" 10%& ()-3 410%& ()-Y
2109& ()-F OMLOY& ()-F /:109%& ()-K{|}~bC 10z! 109%& ()- 109%& ()-
y10%& ()-10% ()- 10 10 10Y F:z10%! ()-'_ 2dEbC _

condition.

10. The apparatus for determining the laser
annealing condition according to claim 9, wherein the
first angle of said incident 1light is 40 to 50°, and

5 said scattered light or reflected light is detected at
the second angle in a direction of 10 to 35° or 55 to
80° on the opposite side of said incident light relative
to a line normal to said polycrystalline silicon film.

11. The apparatus for determining the laser

10 annealing condition according to claim 9, wherein said
detector is formed of a photovoltaic element selected
from the group consisting of a photodiode, a CCD, a MOS
transistor, a photomultiplier, and a biplanar
phototube, or a chromameter or a colorimater using said

15 photovoltaic element.

12. The apparatus for determining the laser
annealing condition according to claim 10, wherein the
value of the energy density added to said energy
density condition falls within a range of between

20 10 mJ/cm? and 40 mJ/cm?.

13. The apparatus for determining the laser
annealing condition according tq claim 9, wherein the
value of the energy density added to said energy
density condition is changed depending on the thickness

25 of said amorphous silicon film sample.

14. The apparatus for determining the laser

annealing condition according to claim 13, wherein the
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value of the energy density added to said energy
density condition is decreased with increase in the
thickness of said amorphous silicon film sample.
15. The apparatus for determining the laser
5 annealing condition according to claim 13, wherein the
value of the enerqgy density added to said energy
density condition is 10 mJ/cm? in the case where ratio
ds/d0 of the average value ds in a thickness of the
amorphous silicon film sample to standard value d0 in a
10 thickness of the amorphous silicon thin film to which a
laser annealing is applied is not smaller than 0.9 and
smaller than 0.94, is 5 mJ/cm? in the case where ds/do
ratio noted above is not smaller than 0.94 and smaller
than 0.98, is 10 mJ/cm? to 40 mJ/cm? in the case where
15 ds/d0 ratio noted above is not smaller than 0.98 and
smaller than 1.02, is =5 mJ/cm?2 in the case where ds/do0
ratio noted above is not smaller than 1.02 and smaller
than 1.06, and is -10 mJ/cm? in the case where ds/do0
ratio noted above is not smaller than 1.06 and smaller
20 than 1.10 and, where the ds/d0 ratio noted above is
smaller than 0.90 or exceeds 1.10, the amorphous
silicon thin film is not used as a substrate for
determining the condition.
16. The apparatus for determining the laser
25 annealing condition according to claim 9, wherein the

attenuator transmittance of the laser beam is used in

place of the energy density of said laser beam.
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plurality of said polycrystalline silicon film samples
having various grain sizes are formed on a single

5 substrate,



