1 7 FEB 2006 *166166* - 1 TITLE OF THE | NVENTI ON LASER ANNEALI
. AND APPARATUS FOR DETERM NI NG LASER ANNEALI NG CONDI TI ONS BAGMAQ%*%?EEE%HE
| NVENTION 5 The present invention relates to a | aser annealing - nethod and

an apparatus for determning the |aser annealing conditions. Pres®y,

liquid crystal displays (LCD) provided wth an insulated ga e thin
filmtransistor (TFT) 10 using an anorphoug sklicon (a-Si) ;@MMW '
swi tching el ement are being produced on a mass production basl’s’ MMW,
a TFT using an a-Si having a low electric field nmobility (g FE), which is

not hi gher than 1 cnR/Vs, is insufiffizg @ fu meaNmiony a high 15
performance di splay of, for exanple, high precision and high speed. On the

ot her hand, an e/ae®iR iAINEAE|TNGTMETHAY AND-RAPRARANIRItFARMETEROINING/ Vs has
been obtained in an experinmental TFT, by using a polycrystalline silicon

20 prepared by IIASFR ANMEATIING GONDHEIONSN a-Si is irradiated with an
excimer laser. This is expected to realize a high performance display of,
for exanple, high precision, BAGKGBPENBt DRgTEBe@NVENAAONo also integrally
contain a driving circuit. 25 In excinmer |aser annealing (ELA), an a-S
5 The present invention relates to a laser annealing
method and an apparatus for determining the laser
annealing conditions.

Presently, liquid crystal displays (LCD) provided
with an insulated géte type thin film transistor (TFT)

10 using an amorphous silicon (a-Si) as a pixel switching
element are being produced on a mass production basis.
However, a TFT using an a-Si having a low electric
field mobility (uFE), which is not higher than
1 cm2/Vs, is insufficient for realizing a high

15 performance display of, for example, high precision and
high speed.

Oon the other hand, an electric field mobility uFE
of about 100 to 200 cm2/Vs has been obtained in an
experimental TFT, by using a polycrystalline silicon

20 prepared by laser annealing, in which an a-Si 1is
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
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deppsited on a glass substrate is irradiated wth an excinmer |aser so as
.to convert the a-Si into a *@0002* 1 7 FEB 2000 - 2 polycrystafll7i AeB 2008
silicon. In this nmethod, the excimer |aser beam has, for exanple, a |length
of 250 mmand a w dth of 0.4 mmon the surface of the a-Si. The pul se
beamis oscillated at 300 Hz, and the region irradiated 5 with each pul se
is gradually noved so as to convert the _a-$ into a polycrystalline
silicon. The liquid crystal displays equipped with a TFT prepared as above
are collectively called | ow tenperature polycrystalline silicon LCDs. 10

The grain size ' 11 eQngy ¢ whi byt f for
det er m ni ng the(ﬁéigﬁigﬁ%?% %éa%%ﬁ???ﬁy gggEtg%g?ﬁg%Bgﬁ§c?§§t%%%?ﬁgro

silicon TFT, is J[éélé@@tﬂ)é/aﬂe:@&@ﬂef'érOaxaﬂaﬁlépeagyeelglﬁﬁi b¥, 260 fuemee of
the irradiating [ aser beam To be nore specific, wth 15 an increase in the

fluence, the grajshzerob.ahem o8l yeeyshakhtseosi kheoa-is .al ghid perleased.
In order to obtain a high performance polycrystalline silicon having an

electric field nobihity gsEELDatetioner 30hanz, 18AdchPeVsegiequiireddiatad
fluence higher than the value 20 of a certain fluence, FlI. Incidentally,
"fl uence" 5 denotwsth heawhl pelsbt asngdalyailbyegoaedngot s Itas@onvientadilet i on
anopunt per unit area with time. If the fluence value is increased to exceed
Fl , a-Si into a polycrystalline silicon. The liquid
crystal displays equipped with a TFT prepared as above
are collectively called low temperature polycrystalline
silicon LCDs.

10 The grain size of the polycrystalline silicon,
which is the factor for determining the electric field
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. 1In order to
obtain a high performance polycrystalline silicon
having an electric field mobility uFE not lower than
100 cm2/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



the ,grain size of the polycrystalline silicon is 25 further incJeased.
.However, if the value of the fluence is further increased to éLgéEHBﬂmﬁ
the polycrystalline silicon grains are converted into 1 7 FES 2006 3

m crocrystalline 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 bg 5 determ ned by a so-called
"Secco-etching nmethod", in which the polycrystalline silicon is etched
with a Secco-etching solution and the etched surface is observed and

neasured by-a seaRiRG ROt JELIOSCOPEE BY Uspddsible ABtEBHail a
fluence value of a 10 l"aser corresponding to a region in which the grain

size of the polper tadwidg Nensidd £ored Scisoreyhetisalge bg usehgckadh dhe
fluence value thus selected falls between FI and F2. It is thus possible
to obtain a TFhiwmddystcalesinedelecéic field mobility, even if 15 the
| aser oscillation intensity greatly varies. However, Secco-etching

requi res the steps ofThergckimgsihe sfibptiateystpplynagsahiedohicag bed
observing the etched surface with an FE-SEM and, thus, it takes a |ong
tinme to déterm miettdrmigred rbyi zeso20aThed ef BeecoSetebirgchehbofdéadint o | ow
productivity. Also, it is known to the art that the optimum condition of
the | aser is chafyedh it pokreagetahlipe silicon is etched with a

Secco-etching solution and the etched surface is
observed and measured by a scanning electron
microscope. By using this method, a fluence value of a

10 laser corresponding to a region in which the grain size
of thé polycrystalline silicon is somewhat large is
selected. The fluence value thus selected falls
between Fl and F2. It is thus possible to obtain a
TFT having a desired electric field mobility, even if

15 thé laser oscillation intensity greatly varies.

However, Secco-etching requires the steps of

cracking the substrate, applying an etching and
observing the etched surface with an FE-SEM and, thus,
it takes a long time to determine the grain size.

20 Therefore, Secco-etching leads to low productivity.

Also, it is known to the art that the optimum

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.



numper of shots after the gas replacenment in the |aser device, Waki&R)2006
.hecessary to obtain the optinmum 25 condition frequently. Naturally, it is
inpractical to enploy Secco-etching whenever the optinmmcondition is
obtained. 1 7 F E B 2006 4 BRI EF SUVWARY OF THE | NVENTI ON An obj ect of the
present invention is to provide a |aser annealing nethod that permts
obtaining a TFT having a high nobility avery the entire substrate 5 surface
with a high yield. Another object of the present invention is to provide
an apparatus for determning the condition of the |aser annealing.

According to an aspect of theypyiesefhniAvensrofyr ilvERereni s provided a
| aser annealing nethod, in which an anorphous silicon thin filmis

irradiated with a | asgf obfast SOF ashéOpeeBY¥AE! ihkenarenpieuSosplricsdrd at 0
polycrystalline silicon, conprising: irradiating an anorphous silicon film
sanple wWith a | assfebeamdoriidd mietiesdi thay peemtoadobtannindern TaT ous
energy density conditions so as to prepare a plurality of polycrystalline
silicon film sarmpdesndayingldifdler bty gvarntbezestiakl ewbagratei ght beam
having a wavel ength region including a visible wavelength in a center to
be 20 incident ocsutfeceotriichystialghneisidicon filmat a first angle
relative to a line normal to a surface of the
Another object of the present invention is to
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



pol ycrystalline silicon filmand detecting scattered |ight or reflected
.light at a second angle corresponding to a direction different fténiEB 2006
direction 25 of a regular reflection of the incident light so as to
measure degrees of surface scattering of the plural polycrystalline silicon
filmsanples and, thus, to 1 7 FEB 2006 - 5 obtain energy density
condition corresponding to the polycrystalldgne silicon film sanple having
hi ghest degree of scattering; adding a certain value of energy density to
t he energy density condition obtained in the 5 preceding step so as to

determ ne a set %ﬁé‘fn Oéné?ggeggﬁégﬁydéBﬁhﬁﬁoﬂngo' rrre%gpﬁt iigl% ttl3e zor phous

silicon thin fi Wwth a at the set value ener gy

density deterni negh A {82 P 8aEI5NYi SHEP F$PmAS amb? eC RRY nQUh ilghR draser
anneal ing. 10 According to anot her aspect of the present 7invéntion, there

is provided an apdgras ustf oeatdetendi nhbeihgeacendithion vased ioF anleassr
annealing nethod, in which an anorphous silicon thin filmis irradiated
with a | aser beageseiag to thsavenetrgheddhsangr phadd tdiohi obhaimiedl dn the

polycrystalline silicon, conprising: a |light source arranged to permt a
| i ght bedm havippeeetiangl ehgbhspegbsohoi deltediigea avissitbivalusawd] égt h in a
center to be incident on a plurality of polycrystalline silicon film
sanpl es havi ng defi¢egenderfigyai andi zexadihsipgl yoey smaliphostssisliildeenfi | m
sampl es 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.

10 According to another aspect of the present
invention, there is provided 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 to convert the

15 amorphous silicon into a polycrystalline silicon,
comprising: a light source arranged to permit a light
beam having a wavelength region including a visible
wavelength in a center to be incident on a plurality of
polycrystalline silicon film samples having different

20 grain sizes, the polycrystalline 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



being prepared by irradiating anorphous silicon film sanples wth a | aser

. beam for determning the condition under various energy densityl 7 FEB 2006
conditions, at a first angle relative to a line normal to a surface of the
25 polycrystalline silicon filmsanple; a detector arranged to permt the
scattered light or reflected Ilight fromthe polycrystalline silicon film
sanple to 1 7 FEB 2006 - 6 be detected at & second angle corresponding to
a direction different froma direction of a regular reflection of the
incident light; a nechanismfor obtaining energy density condition

correspondi ng tg,d he cp&%dcéﬁ’fséaééé&‘?d5&&{;?8%8&%&6{{8&&@%& g hi ghest
degree of scattering by neasuring degree of surface "scattéring of the

plural polycrystgallddhe sildcofefdhin £aaPphesibycthendetest eeguand a
mechani smfor determning a set value of the energy density by adding 10 a

certain val ue ofrdfme@nesgyoflefisé t yntéDdéhe Bhehgy admeshhyiemndbti on
obt ai ned by the nmechanismfor obtaining the energy density condition.
Addi ti onal obj ecilst sindiaglveand agesdefist e pordéhioni nventspondihh e sée
forth in the description which 15 follows, and in part will be obvious
fromthe descri polycrystablibe $bhioed Bylprasmpée bevihd hpgbeeit
invention. The objects and advantages of the present invention may be
real i zed and obtdggrer byt neamstebingheyi HeapURERgalROres aifdSEsFBiCRat i ons

particularly . . '
scattering of the plural polycrystalline silicon film

samples by the detector; and a mechanism for
determining a set value of the energy density by adding
10 a certain value of the energy density to the energy
density condition obtained by the mechanism for
obtaining the energy density condition.
Additional objects and advantages of the present
invention will be set forth in the description which
15 follows, and in part will be obvious from the
description, or may be learned by practice of the
present invention. The objects and advantages of the
present invention may be realized and obtained by means
of the instrumentalities and combinations particularly
20 pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
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



20 pointed out hereinafter. BRI EF DESCRI PTI ON OF THE SEVERAL VIEWQ,?F THE
-DRAW NG The acconpanyi ng draw ngs, which are incorporated in and EB 2006
constitute a part of the specification, illustrate enbodi nents of the
present invention, and 25 together with the general description given
above and the detailed description of the enbodi ments given bel ow, serve
to explain the principles of the present -1' 7% FE B 2006 - 7 invention. FIG
1 shows the construction of an exciner |aser annealing apparatus used in
enbodi nent 1 of the present invention; 5 FIG 2 is for explaining the

met hod for detergdiHtidd he | aser annealing condition according to one
enbodi nent of the present invention; FIG 3 shows a neasuring nethod of L*

used for determ ningride 1asgswanoral togseendicibanodcesr dixedmed 1HEeane
enbodi nent of the present invention; FIGS. 4A and 4B are graphs each

show ng the changmedhnindeamsd tetwd hiedeinat eMbotidmbhe at b&ntthkObresent
transmttance obtained froma spectroscopic variable angle colorimter in
enbodi nent 1 of dtrheerprisment 15 invention; and FIG 5 is a cross sectional
vi ew showi ng the construction of a polycrystalline silicon active matrix
type liquid crystal diEpl ay obt &pnedxphaénbodi bet mgtbobd for
determining the laser annealing condition according to
one embodiment of the present invention;

FIG. 3 shows a measuring method of L* used for

determining the laser annealing condition according to
10 one embodiment of the present invention;

FIGS. 4A and 4B are graphs each showing the change
in the value of L* relative to the attenuator
transmittance obtained from a spectroscopic variable
angle colorimater in embodiment 1 of the present

15 invention; and

FIG. 5 is a cross sectional view showing the
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



the, present invention. 20 DETAI LED DESCRI PTION OF THE I NVENTION It is

. known to the art that, if an anorphous silicon |layer on the surfatécef208s
substrate is subjected to | aser annealing while varying the fluence, the
surface irregularity is rendered nost prom nent at 25 the tine when the
average grain size of the polycrystalline siliconis increased to 0.3 gm
So as to scatter light. Therefore, as a-netghod of obtaining 1 7 F E B 2006
- 8 the optinmum |l aser condition for converting an anorphous silicon thin
filminto a polycrystalline silicon thin filmby neans of the | aser beam

irradiation, |asgfe G¥WamhhNOasdi|t3hdgtibhsreendbhi;ebt¢alg BA Hﬁ%?ph%u%l
referred to previously exactly corresponds to the condition for nbst

greatly scatterigitdwn |t , fiBndintoi s pesgtblethv1fihadsthecent ikaum val ue
of FI at that tinme regardless of state of the |aser by applying exciner

| aser anneal i ng {H)by¢ anearss NGt etiseibsisat ebbymlOrehangtngnt heagakue of
fluence and by observing the substrate by naked eye. The margin of ELA
falls within a aramgelioig betiveenifd Binds FReondhtdion csnnbst udedi.rable to
select the fluence setting of ELA to be mdway between FI and F2. 15 F1 is
changed dépendi ng on TherefereedftoherpasenslyHewevély rheresPeadst tOF2 -

FI') is substantially constant _and, thus, it _is possible to obtain the
the ‘condition for most greatly scattering the light,

and it is possible to find the optimum value of Fl at
that time regardless of state of the laser by applying
excimer laser annealing (ELA) to a single substrate by

10 changing the value of fluence and by observing the
substrate by naked eye. The margin of ELA falls within
a range of between Fl and F2, and it is most desirable
to select the fluence setting of ELA to be midway
between Fl1 and F2.

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



opti mum ELA by adding a certain fluence value to FI. However, th agove
. met hod can be enployed only in 20 the case where the size of thi7s b8 t2P08t e
is not larger than 550 mMm X 670 mm |f the substrate is larger than this,
it is inpossible 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 |ight scatteriong 4ight amount fromthe

pol ycrystalline silicon layer, the surface 1 7 F E B 2006 9 nor phol ogy,
the grain size of the polycrystalline silicon, and the characteristics of

the manufact uredyotpRESHEY O thbNgd8L Al ki zbt oasnBegp1feuRdthatind is
possible, with a sensor Set at a certain angle, to 5 Obtain exactly the

sane result as tHati@bnPbseavahtoBhavhthethe thaked re e eOmante .eneir@idr, by
detecting the 1light incident at a certain incident angle on the

pol ycrystal line srdheo8tboy med bgthhe.l aser hagnealknnFounichushady ritviigg at
the present invention. 10 It is considered reasonable to understand that
the surface propessilbbepfwlbr pokyasyst akki a¢ si lcexdrimayergldiasd he
| ar gest hei ght when the polycrystalline silicon has an average grain size
of 0.3 gmbecausebthén| exectlipethehasma waselléngish thfat) o ghsanryathen aser
beam 15 passing through the optical systemhas an intensity
with the naked eye of the operator, by detecting the
light incident at a certain incident angle on the
polycrystalline silicon formed by the laser annealing,
thus arriving at the present invention.

10 It is considered reasonable to understand that the
surface projection of the polycrystalline silicon layer
has the largest height when the polycrystalline silicon
has an average grain size of 0.3 um because the laser
beam has a wavelength of 0.3 um and the laser beam

15 passing through the optical system has an intensity
‘distribution at an interval of 0.3 um because of the
interference of the light. Further, the surface
projection is not conical but in the shape of a
collapsed cone. Note that the intensity distribution

20 of the laser beam is inclined in the scanning direction
so as to form a temperature gradient in the scanning
direction, with the result that the conical shape is
collapsed in the scanning direction.

If a light beam is incident on the surface of such

25 a polycrystalline silicon film, the.scattering of the

light beam is intensified in a certain direction,

different from the direction of the regular reflection.




distribution at an interval of 0.3 gm because of the interferenc rg t he
.light. Further, the surface projection is not conical but in the % 2086
a collapsed cone. Note that the intensity distribution 20 of the Iaser
beamis inclined in the scanning direction so as to forma tenperature
gradient in the scanning direction, with the result that the conical shape
is collapsed in the scanning direction.~l1f1g | Lght beamis incident on the
surface of such 25 a polycrystalline silicon film the scattering of the
light beamis intensified in a certain direction, different fromthe

direction of theryegylgsss bl 8CtH0Rind ¥hEEBnd00%on ¥0r kthel %1@%%'1;*3' e to
find the condition for the highest 1light scattering with a very high

accuracy by arrangiig s@asessohgakithah @8ghbenibl hbeukasy bynaedlanddng
nmet hod of the present 5 invention, it is desirable to set the incident

angl e of the |nslskm@otlghtth@tfahhléith|n a range of between 40 and 50
and to detect the scattered light or the reflected |ight in a direction of
10 to 35 or 55 to 80Inpahéi takarl ynnrafhegdimeetibidow fofthel prasente 10
opposite side of the incident light relative to a line normal to the
substrate.d | f theeeatienediti ghtdesirhbler &bl getetihki ghcidenderagtled oifn
the direction falling wthin the range noted above, it is possible to
obtain the highese temifenbnlaghtheol fghl wéthést ponapget B§ between 40°

and 50° and to detect the scattered light or the
reflected light in a direction of 10° to 35° or 55° to
80°, particularly in the direction of 30°, on the

10 opposite 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 wvalue 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/cm?. The obtained energy density is midway
between Fl1 and F2, particularly close to the center
value between F1l 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




15 light scattering with the highest accuracy. In the |aser annealing
-nmethod of the present invention, it is possible to set the valugq pfgg 06
specified energy density that is added to the energy density correspondi ng
to the highest condition of the 20 light reflection or the |ight

scattering, to fall wthin a range of, for exanple,. between 10 mJ/cn2 and
40 ml)/ cnR2. The obtai ned energy density is mdway between Fl and F2,
particularly close to the center value between FI and F2. It is possible
to carry out 25 optinum | aser annealing under the condition obtained by

addi ng the ener gy, geashbyaiag! tootMbtRLRiHOR 58H9RerRBledn2Rae tho the
condition of the energy density 1 7 FEB 2006 - 11 correspondingto the

maxi num scattering i ntpasihyue dfetral peefi riba epRGigy edrenengrsensity to
be added is changed dependi ng on the thickness of the anorphous silicon

filmused for deié@dednisgchbregsddcdsgdehddng da bRemhé ckpesisf bE, thRke val ue
of the specified energy density that is to be added is increased with
increase in the ahorkiness siliben Ambmphsad $oki demnekimimiand the decreased
wi th decrease in the thickness of the anorphous silicon film 10 For
exanpl e, where t@enditionds/ 80 b¢ mhreagpeagéicvatbe delum pife thigi ckness of
t he anorphous silicon film sanple to the standard value dOin the

t hi ckness of t heSPaGbEpRBUSNET IV cBRNEREY FRRM &6 KRi B8 REded dsnealing is

increased with increase in the thickness of the
amorphous silicon film and is decreased with decrease
in the 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 dO0 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/cmZ.
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/cm? to 40 mJ/cm2.
Where the ds/dO0 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/cm?. 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 nJ/cm?. Further, where the



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/cnR. Were the ds/dO rati o nét7edEni2008e
is not snaller than 0.94 and snmaller than 0.98, the value of the
specified energy density to be added is 5 mJ/cnR2. Were the ds/dOratio
noted above is not smaller than 20 0.98 and snmaller than 1.02, the val ue of
the specified energy density to be added i$210-mJ/cn2 to 40 mJ/cnR. \here
the ds/dO ratio noted above is not smaller than 1.02 and snaller than
1.06, the value of the specified energy density to be added is -5 ml/cn®.

Were the 25 ds/gfygati-atnet gdtaboyBoke At smEBhler thiaan ol. 96 andxsdwdd er
than 1.10, the value of the specified energy density to be added is -10

m)/ cnR. Further,1wefeithesldésErEbBe2006 12 wee/ dQer almiocrphetad sllovwer s
small er than 0.90 or exceeds 1.10, it is desirable not to use the

anor phous silicophithEnlimi he assabstbateatferf detedetrdninyg ndhd ke rehindidn on.
It is possible to use the attenuator transmttance 5 of the |laser beamin
pl ace of the energy d&hsitypokstibde ltasersebddna édzmmm ttdre Brexgyl Uensce vy
is proportional to the attenuator transmittance. In the |aser annealing
met hod of % he prefebhe iLasentbeam in pdadesiofalbhe temefrgymdensifaldf the
10 polycrystalline silicon film sanples having various grain sizes on a
si ngl e substrat el§errbaalmabrrguas CHROEPRETY siemisddy fis mzenagiteanah a

| aser beam for .
to the attenuator transmittance.

In the laser annealing method of the present
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 uéing the
photovoltaic element noted above.

According to one embodiment of the present



determ ning the conditions under various energy density conditions. In
.this case, it is possible to determ ne 15 very easily and efficibﬁtf@3ﬂW&
set value of the energy density of the |aser beam i.e., the |aser
annealing conditions. In the apparatus according to one enbodi nent of the
present invention for determining the | aser 20 annealing conditions, it is
possible to use, as the neans for detectingsthe scattered |light or the
reflected |light, a photovoltaic el enent selected from the group consisting
of a photodiode, a CCD, a MOS transistor, a photormultiplier and a bipl anar

phototube, 25 as Waldt A% & £ RIBEBLSE rQEt BofOhOEEFRLER HBLYE, Lhe is

phot ovol tai ¢ el enent noted above. According to one enbodi nent of the

present 1 7 FEB20O6HR tHvenidomefcéheieopsat Fuet the Heghekbedigheve, it
is possible tofind the condition for the highest light scattering with a

very hi gh accur asyatyegiigotitly &heerVighyhi actdeatyabyadeestaing nbiedent
angle on a 5 polycrystalline silicon | ayer converted froman anorphous
silicon |ayer bylidtet | aseidembeati agcertain isendentatngleephaian angl e.
Also, it is possible to produce TFT's having a high nmobility over the
entire substratmokyefasealihifersiyiocont hayenssopvedtedi smomOabasis with a
hi gh productivity by irradiating an anorphous silicon thin filmwth a
| aser beam for tdamorphous silicon layer by the laser annealing with a
sensor at a certain angle. Also, it is possible to
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



| aser annealing, the |aser beamirradiation being perforned by usi?% a_set
val ue of the energy density obtained by adding a certain val ue of #HeFEB 2006
energy 15 density to the condition of the energy density corresponding to
the maxi num scattering intensity thus obtained. As a result, it has been
made possible to manufacture |ow tenperature polycrystalline silicon

liquid crystal displays with a high yield omga mass 20 production basis,
though it was difficult in the past to manufacture such liquid crystal

di spl ays on the mass production basis. Some enbodi ments of the present

invention will nexpebenéesCrbbedetbthiheher 8RGe ob® itiie REEHRAVHNERD
drawi ngs. Enbodinent 1: After the gas replacenent for an exciner |aser, an

1 7 FE B 2008 1l4thexpeséreatnéal ifdgt eFnkAai BotrBBoORt isTumMce@ndidd ons for

t he | aser annealing of an anorphous silicon was conducted under the
condi ti ons descrébmdubetdwindart heef coatlistieps a@esarSbedhioe 1faw.m ( not
shown) 5 deposited to a thickness of 47 nmon a glass substrate 11
arranged within an anbeathagféhatbetepd wasa-iSir adhiiat efd Imi tncet |stseim)beam
rel eased froma | aser tube 12 of a |aser annealing apparatus shown in FIG
1. The irYadi atdePosnsepetpornbbigkuessi18fcdidrm ons a wlessnsubs tofattehe

transmttance (attenuator transmttance) of the
( 1 arranged within an a%nealing chamber 10 was

irradiated with a laser beam released from a laser tube
12 of a laser annealing apparatus shown in FIG. 1. The
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



| aser beamfalling within a range of between 70% and 98% To be nore
.specific, the irradiation was performed with a width of 20 nmm at W7 pgiBBc P05
of 1 mmso that the angle of a variable attenuator 13 was adjusted 15 so
as to increase the transmttance (attenuator transmttance) of the |aser
beam by 2% each tine so as to set up the 15 conditions noted above. The
substrate 11 was sized at 400 mm x 500 mm tle forwarding pitch of the
stage having the substrate 20 nounted t hereon was set at 20 gm and the
wavel ength of the |aser oscillation was set at 300 Hz. FIG 2 shows the

state of the |asgaxintadsehitedriRef evenee Wxa;lasclo%%lt& 20 showgy i n
FIG 2 denote the irradiating regions (20 nm x 250 in which the a-Si

thin film 25 wasyer wadi at edawisih ta ahaseb thaas V\hq&}ﬁa tieH Hd ANCRyh NaS
controlled by the variable attenuator 13. In this enbodi nent, the condition
that permts theftom EEB 20D8ttatendti mam seaishiardd @ ybyusigy czc,bser vation
with the naked eye was a transmttance of 80% The reflected Iight from
the substrate llspestmeasopéd hprisiig angjectocdsodpiatezar | dile angl e
colorimater. The 5 colorinmater was nounted to an optical mcroscope with a
renote conProl stageripates passipuated measur optdwednaticadgode wifth he
scattered light of the | aser beanlhaV|n% each transmttance by utilizing
the stage functF8RCEE CRBLEPEr §§86Fe. Allsds Posisibdesdivpmessoire

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 61 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’



10 the colorimater to be mounted to the annealing chamber 10. U@ed as the
‘detection signal was L* in "CE (Comm ssion International de 1 EJ| hiFEaga)s
1976L*a*b* color space. L* is related to Y.in the XYZ color display
system as denoted by the fornula given below 15 L* = 116(Y/Y0)1/3 - 16
Since Y coincides with the lumnous reflectance, it is possible to use L*
in place of the scattering intensity by-thegaked eye. L* was nmeasured in
respect of sanples differing 20 fromeach other in the attenuator
transmttance, with the incident angle 0 1 and the reflecting angle 6 2

shown in FIG 3 gsedaagipar @&%h%rlsoultwtd%trﬂﬂé’,obd%{ai‘%rec? shaws. a1 ight

source 31, a detector 32, a sanple surface 33, and Ine 34 nornal to the

sanpl e 25 surfawbed8. theGBe fAAcanthgdBnsiaw 4 heprasdl bs ithe’ e3ReGh afinhe
nmeasured val ues of L*. As apparent fromFIGS. 4A and' 1 7 FEB 2006 16 4B,

a high signal ouBfuiscamtbetoBndj nedmparttewtahetheheaget hderef ket i ng
angl e 62 based on the nornal line 34 is set at SQ, conpared with the case
where the refl ekefhgchngbeanglroted abbed abovet iat sé@. aBn70Re 5ont bre
hand, the difference due to the attenuator transmttance is greater in the
case wher e the i AERBENPangnglaeodi fiferemcearduss tchdihe iat ttdiratase wher e t he
Incident angle G%rggsgggtgkcg"igh%%%gtzgei%’lgir%gg% where the incident

angle 61 is set at 45° than in the case where the

incident angle 01 is set at 0°, though the difference

between 0° and 45° is not significantly large.

10 Under the circumstances, it is reasonable to state
that the incident angle 61 of 45° and the reflecting
angle 02 of 30° provide excellent measuring conditions.
In FIG. 3, the light source 31 and the detector 32 are
disposed on the same plane, and particular plane is

15 perpendicular to the major axis of the beam.

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 fo the fluence of

25 360 mJ/cm?.

Embodiment 2:

This embodiment is directed to the method of



between 0 and 45 is not significantly large. 10 Under the circunstances, it
i's reasonable to state that the incident angle 61 of 45 and thelreft@oyhng
angl e 62 of 30 provide excellent nmeasuring conditions. In FIG 3, the
l'ight source 31 and the detector 32 are disposed on the sane plane, and
particul ar plane is 15 perpendicular to the major axis of the beam Under
the conditions given above, the maxi num -sigmal -was obtai ned when the
attenuator transmttance was set at 80% which coincides with the result
of observation by the naked eye. The attenuator 20 transm ttance can be

converted into tpeephuengeabyrrmakctrall ¥R dreritHans MitdARE & RYs14 1 because
the fluence under the attenuator transmttance of 100%is 450 mJ/cnR. It

follows that thedaspeayatoThet tAGSNfilaNGS el WB&Yrey gy ddieifdgience
of 25 360 mJ/cnR. Enbodinent 2: This embodinent is directed to the nethod
of 1 7 FEB 2008 ufdepceptr ilagea Thhsastang of dniNg rgda diguich & weltads
display. The thin filmused was prepared by form ng an undercoat |ayer
consi sting of Sigkbahdatekyod nlgkassCViubstthaide Hpld ouleas iy GMRmikidod,
followed by forming 5 an a-Si filmto a thickness of 49 nmon the undercoat
| ayer by a%/pl asnd YD hefhol. tehe shbskngss wds 49 nod onatthO@nERICEA0 Nm

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 500°C 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 Hgz,
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



The a-Si filmthus formed was subjected to a heat treatnent at 5|O§)_(I‘F fBom]s’LO
.mnutes so as to |lower the 10 hydrogen concentration in the film ﬁén

the thickness of the a-Si filmwas obtained by the spectroeripso nethod,
with the result that the actual thickness of the a-Si filmwas found to be
49.5 nm Then, the condition was determ ned by utilizing 15 the nethod of
enbodi nent 1. It has been found that L* -waggrendered maxi numin the sanple
having the attenuator transmttance of 80% Then, used was a |inear beam
of an excinmer laser having an irradiating size of 250 nmx 0.4 mm the 20

attenuator transgbhbyancen@f ahhgckaser mpeamxusadwes S8fstAl B9, adding
5% to 80% noted above, and the overlap was set” at 95% The | aser "beam was

operated at 300 Hgvicandabhpr¥¥agbdgbyhaging the Swast ratien di:sposesdher eon
was noved at a speed of 6 nms. 25 Athin filmtransistor was prepared by

the |ithographytheshpokpgyely ufiIGg & phbyer takealdonst risitdicorof idhe
obt ai ned by the | aser annealing described 1 7 FE B 2006 18 above, and an
active matrix |igatdverpstaixdigghay cdyeited wWaspdeepalesd dsy tisisng the thin
filmtransistor thus prepared. FIG 5 shows the construction of the

active mat?ix |ipBGeBategstal display device thus 5 prepared. As shown in

FIG 5, the active matrix_ |iquid _ . _
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 aﬂ 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



crystal display device conprises a glass substrate 501, a counter glass
'substrate 514 arranged to face the glass substrate 501, and a |i1QuUiFgB 2006
crystal 512 arranged 10 between the glass substrate 501 and the counter
substrate 514. The gl ass substrate 501 is provided wth a TFT, a color
filter 510 and a pixel electrode 511. On the other hand, the counter gl ass
substrate 514 is provided with a counter eli@ct ode 513. 15 An under coat
layer 502 is formed on the surface of the glass substrate 501, and an

anor phous silicon layer is formed on the undercoat |ayer 502, said

amor phous  si | i centhayer iRBUPYLGONUEH! @d RO oa R Y S |i!éqefo§1ihéd con
| ayer by the | aser annealing nethod of the 20 present invention. e

pol ycrystal | i ne shbéveophkayeniebhadupedrbyate Soaseritdnnealdtg is used for
formng the TFT. To be nore specific, a polycrystalline silicon source
region 504a andimspbayinygstalibenéidil 506n idtairposegi aheReaie fornmed
on both sides of a sem conductor |ayer 504a fornmed of polycrystalline
silicon by allow ng b8eHrseddraiagiedrs taodese S@riacenduntrorc ey ero SfHa to
be doped 1. 7 F E B 2006 19 wth an inpurity, and a gate el ectrode 506 is
formed abbve t h3OYEREcHRAbeRoPOfayardstBendraia gaoaon $ddkat i ng oxi de
film 505 interposed therebetween. Source/drain el ectrodes 508 are connected
to the 5 sourcer?eRFohlB0A4% ahBrPHERdFaNREFEGRON hodes, 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 5009.

Since TFT'’s ekhibiting 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



respectively, through connecting holes forned in an interlayer iﬂ?ugftin
-l ayer 507. Also, a protective filmb509 is forned to cover the so /e 4086 n
el ectrodes 508. Further, the color filter 510 and the pixel 10 el ectrode
511 are forned to cover the protective film509. Since TFT's exhibiting
excel l ent characteristics can be produced on the mass production basis by
using the laser annealing nmethod of the—fregent-invention as 15 descri bed
previously, it is possible to manufacture a high quality liquid crystal

di splay device with a very high yield. As described above in detail,

according to thewhpeasent amde@hiou@n,siillidon RASS e 0 d | Dele 4 s €0QdL L £
20 of the highest light scattering with a very high accuracy by detectling
the Iight incideatlatea beataby usicigdentseangi ) of Ry st | ddesity
silicon layer formed by the | aser annealing with a sensor in a certain
angle. Also, it pPbtpésedbby tddpmgducecrFaim faredgy s hawapua e gh
nmobility on the entire substrate on the mass production basis with a high
productivity by EBer¢hegIyguteasidyecomriddlomgormesporicEB}y 20 i ch an
anor phous silicon thin filmis irradiated with a |aser beam by using a set
val ue of the eneldFiBERsSERtteBia0ondensy tadding @darirsd et gfo Hemes t y

value to the en nsity condiition corresponding to the
g£g¥ gﬁe pr%sent invention hJ% madégit 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.



5 maxi mum scattering density thus obtained. It follows that the present
-invention has nade it possible to manufacture |ow tenperature 17 FEB 2005
polycrystalline silicon liquid crystal displays on the mass production
basis wth a high yield and a | ow cost, .,though it was 10 difficult in the
past to manufacture the | ow tenperature“polycrystalline silicon liquid

crystal display on the nass prqﬁﬁ&%i i Addi ti onal advant ages and
nodi fications will readily occur to ?ﬁo@gﬁgﬁFPlgg in the art. Therefore,

15 the present invention in its broader aspects is not limted to the
specific detail's dhd3%pr HER Ve MBS mEht R IRBWAR aARCHRQYS bed

her ei n. Accqrdinglg,_ various nodifications may be nade w thout departing
fromthe spirit€oBr tREDPELIF ishérgafbitsd ihiénai ¢asep keafeep? as ®efined by
t he appended clains and their equivalents. 1 7 FEB 2006 21 WHAT IS

CLAI MED | Scenvgdtaddre ammerliqis net hiogkn i intwhi phl yer yeiozr phbus sslic¢con thin
filmis irradiated wwth a | aser beamso as to convert the anorphous
siliconsi ntaompadiysdmyst al 1ine silicon, 5 conprising: (i) irradiating an
anor phous silicon filmsanple with a |aser beamfor determning a

condi ti on under(ijariiyQ iQREMYY and e dph RANA I F3 185 stat?n;{;][eemr&l &

plurality of polycrystalline silicon film sanples having different grain

laser beam for determining a condition under various energy

density conditions so as to prepare a plurality of

polycrystalline silicon film samples having different grain
10 sizes;

(ii) allowing a light beam having a wavelength spectrum
centered on a visible wavelength to be incident on each of
said polycrystalline silicon film samples at a first angle
relative to a line normal to a surface of the polycrystalline

15 silicon film samples and detecting scattered light or reflected
light at a second angle corresponding to a direction
different from a direction of a reqular 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 an
energy density value under a condition corresponding to a
polycrystalline silicon film sample having highest degree of
scattering;

(iii) adding a certain value of energy density to the



10 sizes; (ii) allowng a Iight beam having a wavel ength spectrum centered
- on a visible wavel ength to be incident on each of said polycrystil IRE8e2008
silicon filmsanples at a first angle relative to a line normal to a
surface of the polycrystalline 15 silicon film sanples and detecting
scattered light or reflected |ight at a*’second angl e corresponding to a

direction differgnt from dire%}ion of aokggglgr refleg&i%ﬂlq; sai d

i nci dent Iﬁaﬁfggo H5e°t ﬁ%%éﬁ?é”léﬁ}ggédoF Surrace %%%ﬁ%%rlng gﬁ sai d
plural 20

olycrystalline sjlicon film sanples and, thus, to obtain an
energy den F??eggpﬁes’ﬁﬁﬂeffl]a) hdit itéh ‘ie&r He¥hdt mflt A UHAY Rt al i ne
silicon filmsanple having highest degree of scattering; (iii) adding a
certain vaenergly deasdyydensity to the 1 7 FEB 2006 22 energy density
val ue under said condition obtained in the preceding step (ii) so as to
determ ne anslet value of the energy density; and 5 (iv) irradiating said
anor phous silicon thin filmwith a |aser beamat the set val ue of the

ener gy glensity (deternmraedaitingt k@ iRY eeRGIPHD U &1 1S@ S td rea iy GHittH he
| aser annealing. 2. The | aser annealing nethod according to claiml1,

wherein the EbEshe A 1k S8t dvd N d8Nknki Gl rds AAsk By ofeted ralRd gal d
scattered light or reflected light Is detected at the second angle of 10 to

35 or 55 1@n80,p0- 4 PRRES! 5E $4 9% Warry cut the laser annealing.

2. The laser annealing method according to claim 1,
wherein the first angle of said incident light is 40 to 50°,

10 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 relative to a line normal to said
polycrystalline silicon film samples.

3. The laser annealing method according to claim 1,

15 wherein the certain value of the energy density added to said
energy density value obtained in step (ii) falls within a range
of between 10 mJ/cm® and 40 mJ/cm?.

4. The laser annealing method according to
claim 1, wherein the certain value of the energy density

20 added to said energy density value obtained in step (ii) is
changed depending on the thickness of said amorphous silicon
film sample.

5. The laser annealing method according to claim 4,
wherein the certain value of the energy density added to said

25 energy density value obtained in step (ii) is decreased with



sai-d incident light relative to a line normal to said polycrx%tgkbbﬂ%
-silicon filmsanples. 3. The | aser annealing nethod according to aim1l
15 wherein the certain value of the energy density added to said energy
density value obtained in step (ii) faII? within a range of between 10

ml/cn2 and 40 ml/cn2. 4. The |aser anneafd ng met hod according to claim1

wherein the certain.valuye of .the ener densit 0..added to sajd, energy
density vaﬁﬂgrgﬁﬁgiﬁghtﬁﬁ %ﬂé§EHQ%si Shande %éﬁﬁﬁﬁﬁ%é}%ﬁP?ké3% i ckness

of said anmorphqus silicon filmsanple. 5. The |aser annealing nethod
accordi ng £6™PL&-m 4, wherein the certain value of the energy density
added to said 25 energy density value obtained in step (ii) is decreased
with 1 7 F E B6200&e23 ageicranyzea} ing ieethpekAESO e Ndait® &vrighdlis silicon
film sanple. 6. The |aser annealing nethod according to claim4, wherein
the cert ai whealkle dhet e mrargywadersiafly thddesham b daisi mnaadyedensi ty

val ue obtained in step (ii) is 10 m}/cn2 1in the case where ratio ds/dO of

aver ages valsug ddeniet o detisaknes syaQfuet i tamerephaus stidp qan )f iilsnigamy o
standard value dOin a thickness of the anmorphous silicon thin film to

which a | asgr capnealdNgHs-aprpld £4 &%@de@feévwg&eovglég aytismgller than

0.94, is 5 ml/cn2 in the case where ds/dO ratio noted above is greater

than 0. 91 Buli MRILlod Mk dndfondds 11 1PEGIPe L fn WarBI &6 | S diifa £ESC

where ds/d

value dO in a thickness of the amorphous silicon thin film
to which a laser annealing is applied is greater than 0.9

10 but smaller than 0.94, is 5 mJ/cm? in the case where ds/dO
ratio noted above is greater than 0.94 but smaller than
0.98, is 10 mJ/cm?® to 40 mJ/cm® in the case where ds/d0
ratio noted above is greater than 0.98 but smaller than
1.02, is -5 mJ/cm?® in the case where ds/dO ratio noted

15 above is greater than 1.02 but smaller than 1.06, and is -
10 mJ/cm? in the case where ds/d0 ratio noted above is
greater than 1.06 but smaller than 1.10 and, where ds/dO
ratio noted above is smaller than 0.90 or exceeds 1.10, the
amorphous silicon thin film is not used as a substrate for

20 determining the condition.

7. The laser annealing method according to claim 1,
wherein the set value of the energy density is replaced with an
attenuator transmittance of said laser beam.

8. The laser annealing method according to claim 1,

25 wherein a plurality of said polycrystalline silicon film



ratio noted above is greater than 0.98 but smaller than 1.02, is -5 nJ/cnR
-in the case where ds/dO ratio noted 15 above is greater than 1. &2 BEB 2006
smaller than 1.06, and is - 10 mlJ/cnR2 in the case where ds/dO ratio noted
above is greater than 1.06 but snaller 4han 1.10 and, where ds/dO ratio
noted above is smaller than 0.90 or exceeds 1.10, the anorphous silicon

thin filmis g ad as a.gfgggr%&g_for %Oag§t§ a% ngnthe ¢Q gltlon
The | aser gﬁﬁg FFné ﬁ%?% & aceor ai m erern thé sdt Sval ue of

t he energy density is replaced mnth an attenuator transmttance of said

| aser beamSY Stfﬁéelaser anneal i ng met hod according to claim1, 25 wherein
a plurality of said polycrystalline silicon film1 7 FEB 2006 24 sanpl es
havi ng vari ous 9gr & afiRAeR e FOF ndetoRmAnNsNAglee Sepstirtden wsedin a
apparatus for determning the condition used in a |aser annealing nethod,
in which adaseor phoes 1sing et hdd,n 5 fWHimh san raediEtess wihieod daddm beam
so as to convert said anorphous silicon into a polycrystalline silicon,
conpri spngifiaml ight reeaiseeardiiiged legepebabin 8ol aghto beamvdavi sgia

wavel engt h spectrum centered on a visible wavel ength to be 10 incident on

a pluralityn@fy lp@i%'u)écrs)iqtl%lo'n' Ne Y ld ¢ YiddyBtsamlRs favidyh di fferent grain
sizes, said polycrystalline silicon filmsanples being prepared by

irradiatingo%gg QQQ%S silicon filmsanples with a | aser beam for
determ ning a )

a light source arranged to permit a light beam having a

wavelength spectrum centered on a visible wavelength to be

10 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 a
condition under various energy density conditions, at a first

15 angle relative to a line normal to a surface of the
polycrystalline silicon film samples;

a detector arranged to permit the scattered light or
reflected light from said polycrystalline silicon film
samples to be detected at a second angle corresponding to a

20 direction different from a direction of a regular reflection
of said incident light;

a mechanism for obtaining an energy density value under
a condition corresponding to the polycrystalline silicon
film sample having highest degree of scattering by measuring

25 degree of surface scattering of said plural polycrystalline

silicon film samples by said detector; and



condi tion under various energy density conditions, at a first 15 f?qﬁﬁ
-relative to a line normal to a surface of the polycrystalline silic #9086
sanples; a detector arranged to permt the scattered light or reflected
light fromsaid polycrystalline silicon %4In1 sanples to be detected at a
second angl e corresponding to a 20 direcfion different froma direction of

a regular reflectia of _sai d inci Jight; i I.ning an
ener gy densityavgﬁﬁ a&&&g}%bg égﬁﬁgﬁﬂkﬁjggg?é?%bﬁ%ﬁﬁ%pfipq{ég éﬁngJ]
polycrystalline silicon  filmsanple haying highest degree of scattering by
measuri ng ?SnééﬁVeEYo?d§%H9d%é“??éFPeW?XBeo??s ! %ﬂ%ﬁé& qﬁﬂ§%§ﬁy§PaE&Fne
silicon filmsanples by said detector; and 17 FEB 2006 25 a nechanism for
det er ni ni ngngre¥t deapiityovathe enersaichsiandifyioaddi ng a certain val ue of
the energy density to the energy density value under said condition. 10.
The appar atus flér. déteerappsneg: ush€ drasiert eammigdlnondhes le@edi taroreaalciowy di ng to
claim9, wherein the first angle of said incident light is 40 to 50% and
sai d scatt eoediildight addor@ileaedlldights,i svrateint athatfihet seeghd angle in
a direction of 10 to 35 or 55 to 80" on the opposite side of said

i nci dent |igghty ri¢latdai 1o ghd iine awredlsgo sakdsiQqpebyeeystal hiigatsilicon
filmsanples. 11. The apparatus for determ ning the | aser annealing

conditi on aGC PG AP %s AL PAUL GBSl OLndSafgi0PEn &f 2
phot ovol tai'c élenent sel'ected fromthe group consisting o
direction of 10 to 35° or 55 to 80° on the opposite side of
said incident light relative to a line normal to said
10 polycrystalline silicon film samples.

11. The apparatus for determining the laser 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

15 a biplanar phototube, or a chromameter or a colorimater
using said 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 value under said

20 condition falls within a range of between 10 mJ/cm® and 40
mJ/cm?.

13. The apparatus for determining the laser annealing
condition according to claim 9, wherein the value of the
energy density added to said energy density value under said

25 condition is changed depending on the thickness of said

amorphous silicon film sample.



a photodi ode, a CCD, a M3S transistor, a photonultiplier, and 15 a
“bi pl anar phototube, or a chromameter or a colorimter using said {7y FEB?W
photovol taic el enent. 12. The apparatus for determ ning the |aser annea Eg
condition according to claim 10, wherei n, he val ue of the energy density
added to said energy density val ue under“Said 20 condition falls within a

range of betwe 1 / d 40. M/ .. 13.. The. apparatus for _. .
detgrnining thgqragggaﬁﬁﬁéggﬁﬁf E%ﬁd?%?%ﬁmégé8ﬁd%ﬁﬁpﬁ@%ﬁ%ﬂ§ﬁ%ﬁ7¥&ﬁ9ehn
the value of the, ener density added to said energy density val ue under
said 25 corﬁ:(ﬁ’lntql%ﬁoi”s accﬁ%g’rifg:{e‘dlgdé%%rfdlarfd“ ot Y dkneR W1leief Baer phous

silicon filmsanple. 1 7 FEB 2006 26 14. The apparatus for determning the
| aser anne&FiegYc Siedistliton asdsst dicngale engingviSienstidneivalure uralar sfid he
energy density added to said energy density value under said condition is
decreased workliitiemedse decndesadchivikifessafesse din 5 leerorphouessi bifceaidi | m
sanple. 15. The apparatus for determ ning the | aser annealing condition

accordi fig tmoebhbus 1811w &innt Bampakue of the energy density added to
sai d energy density value under said conditionis 10 mlJ/cn2 in the case

where ratio dsﬁ@o‘ﬁhérgbﬁgkéﬂﬁgaQ@rvééHQrﬂ§nFHga5%Q!qgﬂﬁ%ﬁf@ﬁﬁ%ﬁgn

anor phous silicon film ‘sanple to standard valu Oina ness 8f t he
oD PRt SHHRE GO PRI b MORER ) hgcaine ge derlige 1o
energy density added to said energy density value under said
condition is 10 mJ/cm® in the case where ratio ds/dO of the
10 average value ds in a thickness of the amorphous silicon film
sample to standard value dO in a thickness of the amorphous
silicon thin film to which a laser annealing is applied is
greater than 0.9 but smaller than 0.94, is 5 mJ/cm® in the
case where ds/dO ratio noted above is greater than 0.94 but
15  smaller than 0.98, is 10 mJ/cm? to 40 mJ/cm? in the case
where ds/dO ratio noted above is greater than 0.98 but
smaller than 1.02, is -5 mJ/cm® in the case where ds/dO
ratio noted above is greater than 1.02 but smaller than 1.06,
and is -10 mJ/cm® in the case where ds/dO ratio noted above
20 is greater than 1.06 but smaller than 1.10 and, where the
ds/d0O 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.
l6. The apparatus for determining the laser annealing

25 condition according to claim 9, wherein the set value of the




, 0.98, is 10 mi/cnR to 40 ml/cn?2 in the case where ds/dOratio

T

case where ds/dO ratio noted above is greater than 0.94 but 151spaller t han
notr €8 &Wove
is greater than 0.98 but snaller than 1.02, is -5 mJ/cn2 in the case where
ds/dO ratio noted above is greater than_1.02 but smaller than 1.06, and
is -10 m)/cnR in the case where ds/dO rafio noted above 20 is greater than
1.06 but smaller than, 1. 10 and, . where t ds/ ratig_not i
smal | er tHﬁweﬁgéod%?sé?%eéﬁsreﬁ;iﬁ?dtHépgnﬁppﬁgg%ngﬁFPgoﬁrgﬁfn g%%#f%% not
used as a substrate for determining the condition. 16. The apparatus for
det er ni ni nef t peidatepenheaNing 25 condition according to claim9, wherein
the set value of the 1 7 F E B 2006 27 energy density is replaced with an
attenuat or trahdn Thanesppavdteai fot adetebetmind 7thahkaspparnesl ing
determ ning the | aser annealing condition according to claim9, wherein a
plurality @éngatdonSapebysiygtabltheimi 9j conetélm sappheslhayi ng saridous
grain sizes are fornmed on a single substrate.

5 polycrystalline silicon film samples having various grain

sizes are formed on a single substrate.



