MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON
Field of the Invention: The present invention relates to a manufacturing
met hod of seniconductor device having thin filmtransistor, particularly
to a technique for formng crystalline sem conductor film which conprises
active layer of thin film transistor. Related Art: As a formi ng nethod of
active layer on thin filmtransistor (Thin FilmTransistor: hereinafter,
referred to asﬂ@j’@& t echni whi ch_an_anor phous sem conductor film
s for med wrk FARER AR OreSrateOCRPRCBEVERE t hon
crystallize the sane in a manner of |aser annealing or heat annealing, has
been devel oped. The |aser annealing is known as a crystallization
t echni que, |n whi ch a h| gh energy is given to an anorphous sem conductor
PORGERYND SF G dTtIperature of a glass substrate to rise
too high, and t her eby, the anor phous sem conductor filmis crystallized.
Parti cuFadely ofxd&heednvieagdioni:s a typical |aser, which oscillates
short-wave length 1ight of 400nm or less in wavel ength, has been used
since the | a¥he preeeaht ngwast tayeldlpats Thea natiraanead hgadthgarried 1
out in such a manner that a |aser beamis processed by nmeans of an optical
system o@ aserddondiaRad iddPide SPRAvihES tAEA film transistor,

particularly to a technique for forming crystalline
semiconductor f£ilm, which comprises active layer of thin film

transistor.

Related Art:

As a formingmethod of active layer on thin filmtransistor
(Thin Film Transistor: hereinafter, referred to as TFT), a
technique, in_which an amorphous semiconductor £ilm is formed
on a substrate having an insulation surface, and then,
crystallize the same in a manner of laser annealing or heat
annealing, has been developed.

The laser annealing is known as a crystallization
technique, in which a high energy is given to an amorphous
semiconductor f£ilm only without allowing the temperature of
a glass substrate to rise too high, and thereby, the amorphous
semiconductor film is crystallized. Particularly, excimer
laser is a typical laser, which oscillatee short-wave length
light of 400nm or less in wavelength, has been used since the

laser annealing was developed. The laser annealing is carried




or a linear format a surface to be irradiated, and the surface to be

I rradi ated on the substrate is scanned by the processed |aser beam i.e.,
irradiation position of the |aser beamis shifted with respect to the
surface to be irradiated. However, the crystalline seniconductor film
which is prepared by neans of the | aser annealing, conprises an aggregate
of a plurality of crystal grain (ordinary crystal grain size, which is
prepared by nmeans of a conventional exciner |aser crystallization, is
appr oxi eft) BUshoATRnngRJthakea base¥ilprmnts tHrocs sred by Meagrsy/st al
grain are not even. As for the TFT, which is prepared on a gl ass substrate,
i n or dePft 87 ARt heRl T LM S0 Sihd® beesbapetlaihtnea syt coidaidoam filmis
formed bei ngi separated into island-like patterns, it was inpossible to

f or m cr Etalligre@imsonm specishirddcepbeiie drxasichtsidzeandAdeostirfglae it was
al nost inpossible to formchannel-formng areas with a nonocrystal

seni contiacberirmmii@tedion rid Bubisheatef Hdeseasnell bed Yiiodtle s@edi N
boundary. The interface (crystal grain boundary) of the crystal grainis

an ar ealaierebthm;t naesl,atirerdiaiwietgos iafidh &Lk Alasdrs wigeawed. It is
known that, due to the influence of the reconbination center or trapping

center phithedacaitheiespbcitheo ithld Wenead dhePaleldidleprrier in the
crystal grain boundary caused fromthe crystal detect or the |ike, the

current transpefbvarchahachelkthi§sn@f tstﬁgig,_?‘é?]rddcetrozj $:95CT ¢asSRey sand as a

result, the OFF-current incieases In
prepared by means of the laser annealing, comprises an aggregate

of a plurality of crystal grain (ordinary crystal grain size,
which is prepared by means of a conventional excimer laser
crystallization, is approximately 0.1-0.5pm), and, the
position and the size of the crystal grain are not even.

As for the TFT, which is prepared on a glass substrate,
in order to isolate elements, since the crystalline
semiconductor £ilm is formed being separated into island-like
patterns, it was impossible to form crystal grains at specified

positions and sizes. Accordingly, it was almost impossible

P

to form channel-forming areas with a monocrystal semiconductor
Whileeliminatingtheinfluencesofthecrystalgrainboundary.

The interface (crystal grain boundary) of the crystal
grain is an area where the translaii:ional symmetry of the crystal
is decayed. It is known that, due to the influence of the
recombination center or trapping center of the carrier, or the
influence of the potential barrier in the crystal grain boundary

caused from the crystal defect or the like . the current transport




A technique called as super |ateral growth, by which, conpared to the
crystal grain size via conventional excimer |aser crystallization, a

| arger grain size can be fornmed, is known. A detailed description of the
technique is disclosed in "On the super |ateral growh phenonenon observed
i n excinmer laser-induced crystallization of thin Si filnms, James S. Im
and HJ. Kim Appl. Phys . Lett. 64(17), 25 April 1996, pp2303-2305" . In
t he super_ | ateral, growh, a portion, where the sem conductor is nelted
conpl et SAPTAR G § Pfadibst PeRTdeT 15 [desaieanadn aafdas paraswht where t he
sol i d-phase sem conductor area remains, are fornmed, and then, the crystal
growt h 8§ FF -SUeHsR &t HhwasespHas e @MEdonduct or area as the crystal
nucleus. Since it takes a certain period of time for nucleation to take

pl ace in the @ofprandapengialdedacesa suban Ag tdmlparcotiof 4y mhialntil the
nucl eati on takes place in the conpletely nelted area, the crystal grows
around tenpaiede-theddre ey sdalll dpgehias e 1 zee MiGo rabisieart jmedl ascdingecr yst al
nucl eus in the horizontal direction (hereinafter, referred to as |ateral
directi desen chrystedfideiattion he flargersyrbiaceiot the wdHErRiascrided

sem conductor. Therefore, the crystal grain grows up to a length as |ong

as sevamalwrn.ena @éthinea @bsthe f:ibhnbfhizl%n@é@lmf@ie RAF K1 M d A
respect to the silicon filmthi cEness of 60nm a lateral crystal 3 growth

of 1Vm 2¥m ronl@ngtipbakest &AL §roiRheh el dREnoh D s ARNPTEUL MidL be

referred to as super |ateral growh. '
laser-induced crystallization of thin Si films, James S. Im.
and H.J. Kim, Appl. Phys. Lett. 64(17), 25 April 1996,
Pp2303-2305".

In the super lateral growth, a portion, where the

semiconductor is melted completely due to the irradiation of
a laser beam, and a portion where the solid-phase semiconductor-
area remains, are formed, and then, the crystal growth begins
around the solid-phase semiconductor area as the crystal nucleus.
Since it takes a certain period of time for nucleation to 'take
place in the completely melted area, during the'period of time

(\ until the nucleation takes place in the completely melted area,
the crystal grows around the above-described solid~-phase
semiconductor area as the crystal nucleus in the horizontal
direction (hereinafter, referred to as lateral direction) with
respect to the filmsurface of the above-described semiconductor.
Therefore, the crystal grain grows up to a length as long as

several tens of times of the film thickness. For example, with

respect to the silicon film thickness of 60nm, a lateral crystal




In the case of the above-described super lateral growth, although a
relatively large crystal grain can be obtained, the energy:Lntensity area
of the | aser beam where the super lateral growth is obtained, is nuch
stronger than the intensity that is used in ordinary exciner |aser
crystallization. Also, the range of the energy intensity area is extrenely
narrow. From the viewpoint of the position control of the crystal grain,
it is inpossible to control the position where a large crystal grainis
obt ai ned@T L ey | lire21sm edn oflhsg thhdakelsatp ladcd he Hdmrigafttepst athgrain i s
the m-crocrystal area where countless nucleation has taken place, or the
anor phoRhepamenomaidily de ofefiqurast yi5t @s supawtlavemhmrdwia r oughness of
the crystal surface is extrenely large. Accordingly, thelrradiation

condi ti on, whilghths qpamepdl the wdele - desmmbed swpeiglateseli angtiict or
devices, is the condition where even crystal grain size of approxi mately
0. |j Amalthdi{ghmaceslabivebydiaess crystthar gracaas4h me 69tadgadeniial

| ateral solidification of thin silicon films on Si02, Robert S. Sposil

and JanemeZgy iitedPpty B orltlid 12881 am Awhereifd shB36. 1 4a86r- 2866,

James S. Imet al. disclosed a Sequential Lateral Solidif ication method

anes o , . L
(her ei nafdcRfth L& gb'i:%.dLnEQi,aﬁ.ssffécﬂeéPﬁgﬂgekntﬂghcgl?%%%ﬁ%g(ﬁe%??ed

artificially, the super lateral gromh can be 4 o
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oscillation is irradiate
range of the energy intensity area is extremely narrow. From

the viewpoint of the position control of the c¢rystal grain,
it is impossible to control the position where a large crystal
grain is obtained. Further, the area other than that of the
large crystal grain is the microcrystal area where countless
nucleation has taken place, or the amorphous area; the size
of the crystals is not even and the roughness of the crystal
surface is'extremely large.

Accordingly, the irradiation condition, which is generally uséd

in manufacturing of semiconductor devices, is the condition

~

where even crystal grain size of approximately 0. ipm-0.5um can

be obtained.

Further, according to "Sequential lateral solidification
of thin silicon £ilms on Si0,, Robert S. Sposili and James S.
Im, Appl. Phys. Lett. 69(19), 4 November 1996, pp2864-2866",
James S. Imet al. disclosed a Sequential Lateral Solidification
lﬁethod (hereinafter, referred to as SLS method), in which, by

controlling artificially, the super lateral growth can be




a material via a slit-like nmask. According to the SLS nethod, the
crystallization is carried out while the relative position between the
material and the | aser beamis displaced, at every shot, by a distance
(approximately 0.75Rm), which is roughly equivalent to the length of the
crystal formed via the super |lateral growth; thereby, the crystal is
allowed to grow by neans of artificially controlled super |ateral growh.

As descrlqig aQ£ %a b usina the SLS nethod it -is possible to prepare
crystal EldastPRYT PRI bRsCRndAccarding dicathy ebhtnethed,
condltlons in a manner of the super [|ateral growth. However, the SLS

met hod 174s a%Emed] G &gy bﬁrﬂﬂbmfermﬂeﬁae et} bt dre | b, LFadtabéd atd, the
problemis that the substrate processing efficiency (throughput) is

i nsuf fi & BateriAgldesard Isddt-pridel masky, AncohéishSorghleodLStiethod,
crystallization distance per shot of |aser beamis approximtely |pm
Accor di fdleycrivstaldinetdonmaly damatiddheutebiiioahhiréladisbanseit{@ed pitch)
of the | aser beam between the beam spot on the material surface and the

mat er i albeshesinr dhe matdpialaind &% 1hBeihee &RNE H&@P&ac@@ophedewlré‘r he
ordinary |aser crystallization using a pulse oscillation exciner Taser,

feed pi istioneny0n1tah8sel PRl c8RYbah shlb L MRLADLE cDosl pos Lo

say, under such conditions e crystal "pecullar 'to't can not

be_prepaigedvdidit e thleS1aBghedorathBoushs BaPUESEROChLh a.fﬁ&%&&?& exci mer
| aser is used, the maxi mumoscillation quency t he se
lateral growth; thereby, the crystal is allowed to grow by means
of arfificially controlled super lateral growth.
As described above, by using the SLS method it is possible
to prepare crystal grains at desired positions under
artificially controlled conditions, in a manner of the super
lateral growth. However, the SLS method has the following
problems as described below.
Firstofall,theproblmnisthatthesubstrateprocessing

efficiency (throughput) is insufficient. As described

previously, in the SLS method, the crystallizétion distance

per shot of laser beam is approximately lpm. Accordingly, it
is necessary that the relative shift distance (feed pitch) of
the laser beam between the beam spot on the material surface
and the material substrate is lum or less. In the conditions
adopted in the ordinary laser crystallization using a pulse
oscillation excimer laser, feed pitch per shot of laser beam
is several l10umormore. Needless tosay, under suchconditions,

the crystal peculiar to the SLS method can not be prepared.




oscillation Xed excimer laser is 300Hz. Under such conditions, only the
crystallization area of maxi mnum 300pm or so is processed in distance in
the scan direction of the | aser beam At the processing speed as described
above, in the case of a large size substrate such as, for exanple,
600mMmx720mMm i n di mension, with the SLS nethod, it takes an extrenely |ong
period of time to process one sheet of substrate. The fact that it takes a
| ong pr ceigkpg tinme ger sheet of substrate is not only the probl em of
time andtdS€ SFRaPetpedy padbhoughaatpebseyosehlinbienske @t axginet| i zation
of an anorphous sem conductor film the surface processing thereof is
critical2s9edt 18xafple, the marinye @ saidtldtisnr finegueinati of the walse ed out
after renoving natural oxide filmwth dilute hydrof luoric acid or the

| i ke as °FPrldafrisretethgxcinertiasan is 800Hzof Uhdesushstraimlitcosmpeay ed t o
the area where is subjected to the laser irradiation at the f irst, there
i s a possily the yriybaallnabwiain Sxé e fidAMIRPYS 0aad s b st Sseyhere is
subjected to the laser irradiation at the last. In this case, amount of
Car bon, idxyigetaniiel iagehe StafNBiRbceficfoOBraRhBal h8Br HARM! i tA€StisdIch as
Boron or the like, which is taken in the finished crystal, may vary wthin

the surbaeeesssine spded i GledaSIHdd bdve AN HNGYEIESS B 4 Mgy fgansi stor.

characteristics wthin the surface of the substrate. 6 Secon .- such a

pr obl emdihal s tbg e LaLL Ao kS, L ilnp 18, RO oRHPL0RA! £ dSMBIRA N the

conventional SLS neth ‘
with the SLS method, it takes an exXtremely long period of time

to process one sheet of substrate.

e

The fact that it takes a long processing time per sheet
of substrate is not only the problem of time and cost. That
is to say, practically, in the case of crystallization of an
amorphous semiconductor film, the surface processing thereof
is critical. For example, in the case that laser irradiation
is carried out after removing natural oxide film with dilute
hydrofluoricacidorthelikeasa;ue-processing,inthesurface

of the substrate, compared to the area where is subjected to

~~

the laser irradiation at the first, there is a possibility that
natural oxide £ilm grows again in the area where is subjected
to the laser irradiation at the last. In this case, amount
of Carbon, Oxygen, Nitrogen, or amount of contamination
impurities such as Boron or the like, which is taken in the
finished crystal, may vary within the surface of the substrate
resulting in an unevenness of the transistor characteristics

within the surface of the substrate.




IS necessary to incorporate a mask, which processes slit-like the
configuration of the |aser beam power at the substrate surface, into the
optical system Odinarily, filmthickness of an active |layer silicon,
which is used for polycrystalline silicon thin filmtransistor, is several
tens nmor nore. Wien a pulse oscillation excinmer |laser is used, the |aser
energy density necessary for the |aser crystallization is at |east

200onB/ cn?2 (as a typi.cal exanple, for an annrghous silicon film of 50nm
appr oxi mat el y S#68 Sﬁ%aaﬁr%@;ﬁmeizlaﬁﬁet ¢ eR¥iedl [ tade width).
In the SLS nethod, there is a super lateral growth condition, which is the
opt i mumtPoPecompiheatef gemains sin diltge coavendy onedsBLY methodlt 1t
difficult to prepare a slit-like form mask, which is capable of enduring
such st A§nBeckgseryeheriicaepsrate d maske whsehqﬁrdrdm;smsls]ﬂiftmwé
material, being subjected to the pulse |aser beamirradi ation of a strong
ener gy d@wgwpnfﬂguratiqnwaﬁLmheoiaheﬁabehml@bm&rrakswﬁéﬂuhbéxxﬁﬁﬁidOWﬂ
rapidly. As a result, it may cause a peeling or decay of configuration of

a m nut supdieicer,nidue tive ay it Pekiseém.of opaenb2s 150" £ Pt d ditdogs aphy for
resi st exposure, although a hard mask material such as chrom umor the

li ke isosefl,ast € 1aywe mariaiiny, weaksl iengL gy ﬁ&ﬁ%&%éﬂ?ﬁ%{# i S er
energy density necessary for silicon crystalllzatlon s use there is no

probl ems3uGkoast RER!# Mn hadsd8¢RY ,Of s QU A %hgrhr%rtrh&rg‘ ““vh?erf

pattern) - As described above, there iIs suc actor that ~“optica

becones o€ guRkleC 3ked 1netUldd M dihed HddCWd Yosed, the laser energy

system

density necessary for the laser crystallization is at least

o

200mJ/cm® {(as a typical example, for an amorphous silicon film
of 50nm, approximately 400mJ/cm® with an XeCl excimer laser of
30nsecpulsewidth). Inthe SLSmethod, thereisa super lateral
growth condition, which is the optimum for a further slightly
stronger energy density area. It is difficult to brepare a
slit-like form mask, which is capable of enduring such strong
laser energy density. Inthe case of themask of metal material .

being subjected to the pulse laser beam irradiation of a strong

fan

energy density, the temperature of local film is raised and
cooled down rapidly. As a result, it may cause a peeling orxr
decay of configuration of a minute pattern due to a long period
of use (as for photo lithography for resist exposure, although
a hard mask material such as chromium or the like is used, since
incomparably weaker energy density than the laser energydensity
necessary for silicon crystallization is used, there is no

problem such as peeling or a decay of configuration of the minute




s

of mai ntenance of an apparatus in the conventional SLS nmethod. Further, in
order to carry out the super lateral growh, it 1iIs necessary to make the
spatial beam power prof ile of the |laser beamsharp (to elinmnate
attenuation area of the optical power between the irradiation area and the
non-irradi ation area of the |laser beam). In the conventional SLS nethod,
since the beam necessary f or the super |ateral growh cannot be condensed
using the ordinarily optical systemonly, the exciner laser is used.

Accor di ﬁ&lt&,eﬁnt i s &% Hhed mhoe sl therekésmaykh jas fasduinr éthato shiel d
the | aser beam partially. The object of the invention is to solve the
above- dO®&HASEd SYSEEH baromrs ¢onphérated reasndhsegt he pasififionaltyontrol

of crystal grains in accordance with the |ayout of the TFT, and

si mul t a®onaiiptengniacoeadeapherptusetsitig: speednafiondd SLEywsitHdd zati on
process. Mre particularly, it is an object of the invention to provide a
nmanuf ac Furithgmetitodmfer tenicaangueinr tdeyisigfar Witdrdss @apat e of forning
| arge size crystal grains successively in a manner of super lateral growth

under adsamécéssany tamﬁhké|theaﬁﬁaﬁiaabé@ar@?oimﬁé&fﬁﬁéfﬂﬂe%thé%é@t e
processing efficiency in the |aser crystallization process. Further, the

| nvent i DRapr SHAEES( fo BANMHAGHY hPgeHBLRASN ffes ¥ %B@%&Giﬁ?&a#?’d&@é whi ch
is capable of formng |arge size 8 crystal gralns successive I n a manner

of supebeltae@ndknd’ 9¥-Aai1HRIShH 2Pedrdhbi Ch!n PN L0l a; 206, £a0AD) &, of
I ncreasing the '
the laser beam). In the conventional SLS method, since the
beam necessary for the super lateral growth cannot be condensed
using the ordinarily optical system only, the excimer laser
is used. Accordingly, it is understood that a slit-like mask
is required to shield the laser beam partially.
The object of the invention is to solve the above-described
problem, and further, to increase the positional control of
crystal grains in accordance with the layout of the TFT, and

simultaneously, to increase the Processing speed o¢f the

crystallization process. More particularly, it is an object

(~: of the invention to provide a manufacturing method of

semiconductor devices, which is capable of forming large size
crystal grains successively in a manner of super lateral growth
under an artificial control, and capable of increasing the
substrate processing efficiency in the laser crystallization
process.

Further, the invention provides a manufacturing method

of semiconductor devices which is capable of forming large size




substrate processing efficiency in the laser crystallization process, as
well as to provide a manufacturing nmethod using a convenient |aser

i rradi ati on method which does not need to incorporate a nmask, which
processes the configuration of the |aser beanpower into a slit-Ilike shape
on the substrate surf ace, into an optical systemunlike the conventional
SLS net hod. SUVMARY OF THE I NVENTION A | aser irradiator applied to the
inventign includes, a first means for controlling the irradiation position
of | aseFtYB&Eh WIS SUsSesHyedy 4bjaBARRETHE pRpesskakeralissowite and
thin filmfornmed on the substrate); a second neans (laser oscillator) for
osci | | aPPAGTt AE RIS isdad aPntHol, neadscapablecaf épsreapihar tivencessi ng
the | aser beam and a fourth neans for controlling the oscillation of the
second fBRA§TrairdPreepsednreffingenny inrtte Meary seyshatl ke theam spot of
the laser beam which is processed by the third nmeans, covers the

speci f | BHOB6SEL | 88 WeRldcesr tenprowitle daman(ifactering Re@hdR ueihPf

phot omask configuration. As the first neans for controlling irradiation
posi ti o cofivehtehdskasbeairnedbat €spanéthodiyiei &R ®&ds b DadEPGRssed,
two nmet hods are available. One of the nethods is a nmethod in which the

posi t i onobrpbeatkj gchase, ben P60 GRSSE@ss P acatk %ﬁﬂ%&ﬂ% dS tglanged by

driving the stage by neans of a stage controller. e other one Is a

met hod iaswhibelan pewét nadion 500t - ROkl bObn A dASSL-DERT AL S shifted

using a |l aser optical
into an optical system unlike the conventional SLS method.

SUMMARY OF THE INVENTION

A laser irradiator applied to the invention includes a
first means for controlling the irradiation position of laser
beam with respect to an object to be processed (substrate and
thin film formed on the substrate); a second means (laser
oscillator) for oscillating the laser beam; a third means
(optical system) for processing the laser beam; and a fourth

means for controlling the oscillation of the second means, and

a{ﬂb\

for controlling the first means so that the beam spot of the
laser beam, which is processed by the third means, covers the
specified position 4in accordance with data (pattern
information) of photomask configuration.

As the first means for controlling irradiation positibn
of the laser beam with respect to the object to be processed,
two methods are available. One of the methods is a method in

which the position of the object to be processed placed on the




systemin a state that the substrate position is fixed. In the invention,
any one of the above-described two nethods is applicable; and a nethod, in
whi ch t he above-described two nethods are conbined, is al so applicable.
The position specified in accordance with the data (pattern information)
of photomask configuration is the portion in a sem conductor film which
becones a channel area, a source area or a drain area in the thin film

transistQr, and i§ obtained _by carrying out patterning processing by neans
of phot 8% Ifhogr acé}ﬁ‘f‘%‘iMqGEXBﬁn&n the 99 Ky sBRPREnAdctorsiagrer B
after crystallization, Also, in the invention, before the | aser beam

i rradi aF\fl)B rollen.s RheLtdny ope 1515 BetheHeln whilehntive tigrradiatiqmat t er ni ng
processing on an island-1ike sem conductor filmA, which is specific area
i ncl udi RESat188 P &heajaser hanmapateks sbifitieseds ing at haaetidmhtgainsi st or
by neans of photo |ithography technique, and to form markers on parts of
seni con§YEtem fin @ sHederdihiadr thes swivsssarey gas itekdn zks t hixadovemdescri bed
fourth means. Further, the island-1ike sem conductor layer Ais slightly

| ar ger theninWeniibandahivkeneenf cicinel utiove | @Gyetr hed! fvo Instoyds i porti on
500 as an exanple of the island-like sem conductor |ayer. A and a portion

501 as appéizaplle;ofadde insdtaisht) i ke dRisaMtaendbeierdeayerinRa That is to
say, it is a node that the island-like sem conductor |ayer B, which wll

final | ymbenode agechambehedreds A18QUapHIARHIRNd a drain area of the
transi st or
The position specified in accordance with the data
(pattern information) of photomask configuration is the portion
in a semiconductor £ilm, which becomes a channel area, a source
area or a drain area in the thin film transistor, and is obtained
'by carrying out patterning processing by means of photo
lithography_technique on an island-like semiconductor layer
B after crystallization.
Also,intheinvention,beforethelaserbeamirradiation,
it is necessary to subject the semiconductor to an patterning
processing on an island-like semiconductor film A, which is
(\ | specific area including an active layer forming area comprised
ofthinfilmtransistorbymeansofphotolithographytechnique,
and to form markers on parts of semiconductor £ilm. The marker
is necessary to realize the above-described fourth means.
Further, the island-like semiconductor layer A is slightly
largerthantheisland-likesemiconductorlayerB. FIG. 2 shows
a portion 500 as an example of the island~like semiconductor

layer A, and a portion 501 as an example of the island—'like

10




Is included in the island-Iike sem conductor |ayer A Using the |aser

i rradi ator, which has the above-described f irst nmeans to f ourthneans,
the island-1ike sem conductor layer A is crystallized. At this tinme, using
the fourth means, a part which is left as island- |ike sem conductor |ayer
B on the substrate af ter patterning processing in the sem conductor f
ilm which has been f ornmed on the insulation surf ace, is conprehended

in accorsdeance v&thtth dat a of the photomask configuration. And, the |aser
beam i s 7 at Ht - ¥eI TVl y CHahES EPaR@Y - 11k s SeRPsnabetokheayer A
to crystallize the area using the marker as the positional reference.

Next , ~ t HE G phefS SEGOuttend a8sarky- Mieh wadilcbhuativrbeayme A is
subjected to a etching by nmeans of photo |ithography technique, and the

i sl and- 1§ RRABBRILIFRAICPOFOUr BP T B af dsa instiredres of phetbrammgsponcessi ng.
The island-like sem conductor layer B is used as the active |ayer of the
t ransi stigr inssluftest rihetheabovkbandctreli sgmicondectowebdyan, At he | aser beam
is irradiated in such a manner that, not the entire sem conductor in the
substrate surUsdegd thsdaweedi byadhatbasemhidichas thetavivée adsdctigedi Ni numM

I ndi spensabl e, portion thereof is crystallized. That is to say, by

carryi ngimstt héan pabtHsunt figménpr, GRS 55 NGn@N1 1 RE sierlidRirdudi@Seay&pnduct or

| ayer B after the sem conductor has been crystallized, it is possible to
reduce A he tdrstecessedy fatorcHid adind | Nsidle ¢1dSef oo hQad e gortion

part which is left as island-like semiconductor layer B on the

N

substrate after patterning processing in the semiconductor £ilm,
which has been formed on the insulation surface, is comprehended

in accordance with the data of the photomask configuration.

And, the laser beamis irradiated selectively to the island-like

semiconductor layer A to crystallize the area using the marker

as the positional reference.

Next, the periphery oportion of the island-like
semiconductor layer A is subjected to a etching by means of
photo lithography technique, and the island-like semiconductor .
(\ layer B is subjected to a patterning processing. The
lisland—like semiconductor layer B is used as the active layer
of the transistor.

As described above, according to the invention, the laser
beam is irradiated in such a manner that, not the entire
semiconductor in the substrate surface is scanned by the laser
beam, but at least the minimum indispensable portion thereof

is crystallized. That is tolsay, by carrying out the patterning

11



to be renoved. OnMng to this, it is possible to reduce the tinme necessary
for laser crystallization and to increase the processing speed of the
substrate. It is necessary that, after formng the island-Iike

sem conductor |ayer A, the |aser beamirradiation is carried out; and
after that, the island-like sem conductor layer B, which will becone the
active layer of the transistor, is f ornmed, to ensure the positional
control _of the cr stan rain in _accordance with the |ayout of the TFT. By
appl Vi TS SRR OBbRf I HkPAdTstie RITFANUHOT dgRoanBi SHERE S et hod,
the problemin the conventional SLS nethod that substrate processing

ef fi ci eFEPHCORNTHRFUPTSI Reen g tal bhted siisdbvpassibie, ta nasuee f or
ensuring the positional control of the crystal grain in accordance with
the la t ype pieeeprpnyst optiaingdd.a thng hbe lagsgobeamd o the perithvent i on,
the time necessary for |aser crystallization can be reduced. Andfurther,
anmet hod tot gt riemovedsesOwliagpitoc ébdisng idpded pofs stilhd es tos treahrseartthea et hod
that ensures the positional control of the crystal grain in accordance the
| ayout dfimehee€Efsary fbtalasdr Eoyshellneetionndhdetd hthaanentimnal SLS
met hod, the sinple nmethod that does not need to incorporate a nmask for

pr ocess iprgcelze ingn fspgedaivicorhbk? safbdtasafe beam power at the surface of the
substrate into the optical systemis obtained. In order to obtain the

super |ateral 1gr Q4 eddsdfry that, after forming the island-like
semiconductor layer A, the laser beam irradiation is carried

out; and after that, the island-like semiconductor layer B,

Pt

which will become the active layer of the transistor, is formed,
to ensure the positional control of the crystal grain in
accordance with the layout of the TET,

By applying the above-described constitution to the
conventional SLS method, the problem in the conventional SLS
method that substrate processing efficiency (throughput) is
ingsufficient, is solved. Also, a means for ensuring the
positional control of the crystal grain in accordance with the

{ layout of the TFT is obtained.

Further, according to the inventic;n, the time necessary
for laser crystallization canbe reduced. Andfurther, amethod
that increases the processing speed of the substrate and amethod
that ensures the positional control of the crystal grain in
accordance the layout of the TFT are obtained. Furthermore,
unlike the conventional SLS method, the simple method that does

-not need to incorporate a mask for processing the configuration

12




e,

necessary to change the spatial energy distribution of the |aser beam

sharply in the direction of the lateral crystal gromh(i.e. , the
direction in which the solid-liquid interface of the sem conductor f ilm
af ter laser irradiation) . That is to say, it is necessary to elinmnate

the attenuation area width of optical power, which resides between the
irradiation area and the non- irradiation area of the | aser beam as nuch
as possi?li. The attenuation area wi dth capable of obtaining satisfactory
super | 8ter-aFeyr BGRM PQWeEfat nbde s3uBkaeR, 0F the subsferafia dis ithe area

wi dth fromthe peak position of the optical power to a point where the
power deBté58dss¥EtsmsEsobbadned-l ess. In the conventional SLS nethod,
since an excinmer laser is used, the density necessary for the super

| ateral growt Bn @ZAREt Use eibtaimelihby wshpesr diatanabptioathsystermsonl y.
Accordingly, it is understandable that a slit-like mask is necessary to be
used tonegheskdryhm thengeldanspatiadldnerghhéittghbusdbhesF dhetler
above-descri bed | aser beamis a systemthat irradi ates the second harnonic

(or, thbedmramniyin dheldimedti divsfRhied)atfrdhergot hdgsbata (Haser,
oscillator of pulse oscillation. Conpared to the exciner |aser, in the

sol i d sthee dilmsfriorasih hehiRheaghdgsanghe19fhutine GitdrkadaSEE Beamis
small, owng to the |aser constitution, with a cylindrical lens only 13

that issdmegoaguetdirny ymoPtiLall a0t QPN tiidn) .S RPASS %& &0 k@ycondense
the beaminto a spatial beam power profile of the |aser beamthat is the
opti MM 0k st AR ceUREy! LAl 1L the attenuation area width of
optical power, which resides between the irradiation area and
the non-irradiation area of the laser beam, as much as possible.
The attenuation area width capable of obtaining satisfactory
super lateral growth is defined as below; i.e., the attenuation
area width from the peak position of the optical power to a
point where the power decreases to 50% is 10um or less.
In the conventional SLS method, since an excimer laser

is used, the density necessary for the super lateral growth

cannot be obtained by the ordinary optical system only.

( Accordingly, it is understandable that a slit-like mask is

necessary to be used to shield the laser beam partially.
The light source of the above-described laser beam is
a system that irradiates the second harmonic (or, third harmonic
or fourth harmonic) of the solid-state laser oscillator of pulse
oscillation. Compared to the excimer laser, in the solid state
laser, as the spreading angle of the output laser beam is small,

owing to the laser constitution, with a cylindrical lens only
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In order to increase the substrate processing ef f iciency, it is desired
to select a repeat frequency and a feed pitch that is the optimmfor the
SLS nethod. The conditions for that will be described below. The word "
feed pitch" nmeans shift distance of the substrate stage per pul se of the

| aser beam In the SLS nethod, since the distance of the super |ateral
gromh per shot is limted to a specific length, by enlarging the f eed
pitch only, the substrate processing ef f iclency cannot be increased.
When t hERRéediSphsed 28 er@iparedriical suskemakgns t ol ey Pessidilso t he
repeat frequency of the |aser beam accordingly. The Xed excimnmer |aser
used i ntpheordapeat tlondieansli® hrehspaitd adakeaunpCREkZDr@hitdebhitdther hand,
the solid- state laser oscillator of pulse oscillation can increase the
repeat lésegubaep tbathies nexe mptsewerfdr Mire sipeor diatginal gampated to the
conventional SLS nethod, the processing capacity can be largely increased
by driving thelsoridr tatinicerdasethestidd tiife pPbcPsbsfgeTEHildidingn to
irradiate at a repeat frequency. The wupper |imt of the repeat frequency
can be det gsntisedréit Ronsedetdnge repalhte TR nidie MREO¥ LN PilveHecessary
f or the super lateral growmh at every shot of laser beam The upper limt

dependstpatt B8 WR% BYP: AP Yo rOf NN SO ddn R 2t 8nkAsenASAIddAlYr Of
pul se oscillation. (Since, if the other conditions are the 14 sane, when

the M eBHERCKINT bECHRARInoNB AN IV afENSLY Al £oRUPDY JASCIMAU S 1S
reduced.) Further, in the solid-state laser oscillator, not the

shift distance of the substrate stage per pulse of the laser
beam. In the SLSmethod, since the distance of the super lateral
growth per shot is limited to a specific length, by enlarging

the feed pitch only, the substrate processing efficiency cannot

be increased. When the feed pitch is increased, it is necessary

to increase also the repeat frequency of the' lasexr beam
accordingly. The XeCl excimer laser used in the conventional

SLS method is maximum 300Hz. On the other hand, the solid-state

laser oscillator of pulse oscillation can increase the repeat

frequency to the maximum several MHz. Accordiﬁgly, compared

o

to the conventional SLS method, the processing capacity can
be largelyincreasedbydriving the solid-state laseroscillator
of pulse oscillation to irradiate at a repeat frequency. The
upper limit of the repeat frequency can be determined within
a range that ensures the energy density necessary for the super
lateral growth at every shot of laser beam. The upper limit
depends on themaximumoutput of the solid-state laseroscillator

of pulse oscillation. (Since, if the other conditions are the

14




conventional flash |lanp excitation but sem conductor |aser excitation
solid-state |laser oscillator increases the stability of the |aser beam
energy largely. As a result, it is possible to forma sem conductor of
which crystallinity fluctuation is smaller. Accordingly, it is possible to
manuf act ure sem conduct or device of which fluctuation in TFT
characteristics is smaller. Further, conpared to the exciner |aser
irradiator, the solid-state |aser oscillator is superior in

mai nt ai F481 FpenFiRenEFagRENcCYoRBatiBETEBSEHe Biei eperyusdensity ait at or
the pulse width of the solid-state laser is longer. Since the tinme for

mel t i ng SX§&Yc Apseal Pudiseg dseambroddnger by adopting the |onger pul se

wi dth, larger crystal grain can be fornmed. Still further, by elongating the
pul se wi dth, Furtberpodsi the tolhisdista ttehd dsmmersatilria b f ef@hcashdet ween
the sem conductor surface, where is to be irradiated by the | aser, and the
i nt er f acenieart ionaip|idadtaseahp | ekchesveen vhe semicONMHtYr fiddaand the
filmabutting to the bottomface thereof. As described above, by reducing
the tenmpecditatd ondi fdarienceratde £OE6rJeBeLalhRG oePEaG GRS Sywer. FIG
14 shows a result of sinulation of the relationship between the pul se

feached tamparaturs ot he > ee it fierisy J¥NE | B0 Y00 Bnd 2500K
respect h¢elhssible to form a semiconductor of which crystallinity
fluctuation is smailer. Accordingly, it 1is possible to
manufacture semiconductor device of which fluctuation in TFT
characteristics is smaller.
Further, compared to the excimer laser irradiator, the
solid-state laser oscillator is superior in maintainability.
Furthermore, compared to the excimer laser irradiator,
the pulse width of the solid-state laser is longer. Since the
time for melting and crystallizing becomes longer by adopting

the longer pulse width, larger crystal grain can be formed.

Still further, by elongating the pulse width, it is

( possible to reduce the temperature difference between the

semiconductor surface, where is to be irradiated by the laser,
and the interface (for example, base film) between the
semiconductor film and the film abutting to the bottom face
thereof. As described above, by reducing the temperature
difference, the core generating speed becomes slower.

FI1G. 14 shows a result of simulation of the relationship

between the pulse width and the base film temperature at
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the tenperature of the base filmtends to becone higher as the pulse width

Is longer, and then, the level of the tenperature becones fixed. Al so,
when the pulse width is |arger than 50ns, and preferably, |arger than
100ns, it is possible to reduce the tenperature difference between the
base filmtenperature and the maxi numreached tenperature of the
interface, it is possible to nake the core generating speed nore slowy.
The follow ng _table show a conpari son between the XeCd gas |aser
i rradi af&¥ S&id 1@ Nen - yipesoFpe Ramimin seachad sempespture eRdis S
nmet hod. Table 1 XeCO excinmer |aser Nd: YLF solid state |aser irradiator
Laser mE&MHASRSUCIEY FRsERgesiatld Q0K RIORPKERD {250 OF mestteotHively .
vol t ageDPSS (Di ode excitation) MintenanceNecessaryMi ntenance free Pul se
wi dt hApFPéxteppatatsge20d nder bBesantliéngt éhésstd baw o8RO Bbe50am(tRiar al
units avail abl e) Machine pricel00 mllion or lessl8 mllion
MaskNec pudsey vhdith| bssl@Goggt | Gat@dh@inmphae( LewegexoAnthdm@irature
syst en( honogeni zer, cylindrical |ens)

becomes fixed. Also, when the pulse width is larger than 50ns,

and preferably, larger than 100ns, it is possible to reduce
the temperature difference between the base film temperature
and the maximum reached temperature of the interface, it is
( possible to make the core generating speed more slowly.
The following table show a comparison between the XeCl

gas laserirradiatorandtheNd: YLF solid-state laserirradiator

in the SLS5S method.

Table 1
XeCl excimer laser | Nd:YLF solid state laser
irradiator
Laser medium Gas (XeCl) Solid state (Nd:YLF)
. Excitation method | High voltage DPSS (Diode excitation)
(\j Maintenance Necessary Maintenance free
Pulse width Approx. 25nsec 50-200nsec :
Beam length Less than 300mm 30~-50mm({Plural units
available)
Machine price 100 million or less 18 million
Mask Necessary Mask-less
Optical system Complicated Simple {convex and
{({homogenizer, cylindrical lens)
projection lens, etc)
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projection lens, etc) 16 OMng to the constitution as described above, it
Is possible to provide a manufacturing nethod of sem conductor devices
which is capable of formng |arge size crystal grains successively in a
manner of super l|ateral growh under an artificial control, and capabl e of
I ncreasing the substrate processing efficiency in the |aser
crystallization process, as well as to provide a manufacturing nethod
using a conveni ent |aser irradiation method which does not need to

i ncorporate SWHBIk Fowditeh prREELtRELIPRe aSo e iReDRPVeheitaddr beam
power into a slit-like shape on the substrate surface, into an optical
syst em BRPSE®LEn&oc BRPEALRoAanasrSastUFddg Pedhask @f semicondusitor devi ce”
in the invention includes every apparatus that is capable of functioning
by usi ndevAeess¥mlebnbecadratsteacdc forindnigcargers exanphystal euiadas ¢ devi ce
represented by liquid crystal display and el ectronic apparatus equi pped

wi t h t héuelcesisrioeily deviazemasnarpalft stipenedidteBRl EfrOEECRURARLON aoF THE
DRAWNGS FIG 1 is a diagramillustrating a configuration of a |aser

i rradi argrtifsedaln coherionyeanidoraphible 2f Snaitcddined tald eubshowtrg a | aser
beam spot, which shifts at every pulse with respect to an object to be

processedpcebks@ng 3ArardedByaia ithlushkall @Ry sERAWINRG +3 drA o d2eam
i rradi ati on spot of which relative novenent direction within a substrate

i s changeds®yl mRABS pov it hiin @ abPEr SNGHL 1A using a convenient
laser irradiation method which does not need to incorporate
a mask, which processes the configuration of the laser beam
power into a slit-like shape on the substrate surface, into
an optical system unlike the conventional SLS method.

The word "semiconductor device" in the invention includes
every apparatus that is capable of functioning by using the
semiconductor characteristics (for example, electronic device
represented by liquid crystal display and electronic apparatus

equipped with the electronic device as a part thereof).

7

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram iilustrating a configuration of a
laser irradiator used in the invention:;

FIG. 2is an illustration showing a laser beam spot, which
shifts at every pulse with respect to an object to be processed;

FIGs. 3A and 3B are illustrations showing a laser beam
irradiation spot of which relative movement direction within

a substrate is changed by means of rotation of the substrate;

17




17 FIGS. 4A and 4B are illustrations showing a relationship between the
channel length direction of a transistor and a | aser beamspot in a

rel ative novenent; FIGS. 5A and 5B are illustrations show ng marker-form ng
portions; FIGS. 6A to 6D are illustrations showi ng a nanufacturing method
of an active matrix substrate; FIGS. 7A to 7C are illustrations showi ng a

manuf acturing nethod of an active matrix substrate; FIGS. 8A to 8C are
met hod of an active matrix

illustrati onsggowi{}g a niﬁuf acturi n% > : T {
substrate; FI& o8 % 39 P ARG ALilHTTERGFHORS SRAUMDPR EelAkdORSTHAI  of an
active gafg_ri X substrate;, FIGs. 10A and 10B are illustrations of an optical
syst em PEFYERE thrsehapppddiereth difest inn oF et ¥rRe: s bed and £Hesdiment 1;
FIGS. 11Ais a picture showing a surface SEMinmage after |aser
cryst al PP2Bt BAt FRGA reRaitdvenmovementati on showi ng a status of crystal
grain boundary, FIGS. 12A to 12L are illustrations show ng a nmanufacturing
met hod of a sERtgeorfdusndrSReviecklisshygatibaserhdwiraymatrkemnr -fetdics g
according to the invention, whichwill be described i.n Enbodi nent 2; FIGS.
13A to pBCtapssil | ustrati ons showi ng a manufacturing
FIGs. 6A to 6D are illustrations showing a manufacturing
method of an active matrix substrate:
FIGs. 7A to 7C are illustrations showing a manufacturing
method of an active matrix substrate;
FIGs. 8A to 8C are illustrations showing a manufacturing
method of an active matrix substrate:
FIG. 9 is an illustration showing a manufacturing method
of an active matrix substrate;
FIGs. 10A and 10B are illustrations of an optical system
of the laser irradiator, which will be described in Embodiment
1;
FIGs. 11A is a picture showing a surface SEM image after
(/ laser crystallization;
FIG. 11B is an illustration showing a status of crystal
grain boundary;
FIGs. 12Ato 12L are illustrations showing amanufacturing
method of asemiconductordeviceusingalaserirradiationmethod
accordingtotheinvention, whichwillbe described in Embodiment

2;

FIGs. 13Ato 13Care illustrations showing amanufacturing
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18 nethod of a sem conductor device using a |aser irradiation nethod
"according to the invention, which will be described in Enbodinment 4; C
FIG 14 is a graph showing a sinulation of a relationship between pul se
wi dth and base filmtenperature at crystallization. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT Now, referring to the figures attached hereto,
the node for carrying out the invention will be described in detail. FIG
1 shows | ack. di agram il lustrating a [aser, irradiation_nmethod according
to the f“‘%&gﬁ%"?n? SPRiEPRIuEtondeviich Hoka0 & L stk ad 13 LA PRaE thoths,
respectively,  f or controlling irradiation position of the pulse |aser
beam wi Fﬁ"PéQﬂr&é’t’“{ e IRVERtIOn v iRh Pi bé bedas apibe i Egbadi@endt hods i s
such a nethod that the position of the object to be processed
107(sub§ﬁrate), which is placed on a stage 108, is changed by driving the
stage 108 by neans of a stage controller 101. The other nethod is such a
met hod t hat, FhCGa st dsea irapht Rbowabgta stioulgdsian off & sefliatdensitig
irradiation position of the |laser beam spot is shifted using an opti cal
syst em Pe3ween t pulswentiigith eatfler maee of fudimhodsempyratundoptaad; or, a
met hod, in which the above-nentioned two nethods are conbined with each
ot her, toystnlbézatdaphed.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

Now, referring to the figures attached hereto, the mode

for carrying out the invention will be described in detail.

FIG. 1 shows a block diagram illus£rating a laser
irradiation method according to the invention. In FIG. 1, two
methods are shown asafirstmeans, respectively, forcontrolling
irradiation position of the pulse laser beam with respect to
an object to be processed 107. One of the methods is such a

(;E method that therposition of the object to be processed
107 (substrate), which is placed on a stage 108, is changed by
driving the stage 108 by means of a stage controller 101. The
other method is such amethod that, in a state that the substrate
position is fixed, the irradiation position of the laser beam
spot is shifted using an optical system 103. 1In the invention,
either one of methods may be adopted; or, a method, in which

the above-mentioned two methods are combined with each other,
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In the above-descri bed two net hods, both of them nmeans the fact that

rel ative position of the |aser beam spot position wth respect to the
substrate is changed. Hereinafter, it will be referred to as " to scan
(the | aser beamspot)". Also, a laser irradiator 100 has a pul se | aser
oscillator 102 which is a second neans that oscillates the pul se | aser
beam The pul se | aser oscillator 102 can be appropriately replaced with
anot her oneﬂ n cqordance with the processing object. Further, two pul se

| aser odEM | &&%E’Pﬁfgﬁbe used being conbined with each other. In the
invention, a well-known |aser may be used. As for the |aser, a gas |aser
oscillator or 13 tB8 fRo¥pafescaddedodwp| natberdst BatBeohHsren ateats my be
used. Wen a Eulse oscillation gas laser is used, only a control by neans
of a phdtenhartIthat gstatiae pealthpnrcf Gbeslasenmaanespot @S istiappl i ed
thereto, and other constitution confornms to an ordinary SLS nmethod. In the
nmode foWiddy ¥§spgcbiio the substtattmis changsd, Hendlirdftesolitdeisthte | aser
oscillator of pulse oscillation is used, will be described. As for the

sol i d- sttt eelfpgmedodwmi ldsatortwfsqail sletheoskdddmtarm fsota) 1.0 ght source, one
or a plurality of kinds of |lasers selected from YAG | aser, YV | aser, YLF

| aser, YAL03 Allasera lglsassikaadiatbubyod asera prlleandsbt @ ddaseratJi
sapphire |laser, forsterite |laser(M2Si O4)oscillator, which are doped wth

Cr3+, Onog whdZh il atsdRid nins Hhdts ofBit1H e/ Fhdod 0 idgukity, may
be gi ven. -
beam. The pulse laser oscillator 102 can be appropriately
replaced with another one in accordance with the processing
object. Further, two pulse laser oscillators may be used being
combined with each other. 1In the invention, awell-known laser
may be used. As for the laser, a gas laser oscillator or a
solid-state laser oscillator of pulse oscillation may be used.
When a pulse oscillation gas laser is used, only a control by
means of a photomask-like data pattern, which uses a computer

104 is applied thereto, and other constitution conforms to an

ordinary SLSmethod. Inthemode forcarrying out the invention,

N

a case, in which a solid-state laser oscillator of pulse
oscillation is used, will be described.

As for the solid-state laser oscillator of pulse
oscillation, as a light source, one or a plurality of kinds
of lasers selected from YAG laser, YVO, laser, YLF laser, YAl0;
laser, glass laser, ruby laser, alexandrite laser, Ti : sapphire
laser, forsterite laser{Mg,SiO,)oscillator, which are doped

with cx®’, cr*’, N&*", Er*T, ce’’, co?*, Ti%*, ¥b*t, or vt as a
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As f or the fundanental wave of the relevant |aser, a |laser beam having a
fundanental wave of Ilimor so is obtained, but it varies depending on the
doping material. A second harnonic, a third harnonic, and a fourth
harmonic with respect to the fundanental wave can be obtained by using a
non-linear optical elenent. Further, the laser irradiator 100 has an
optical system 103 equivalent to the third neans, which is capabl e of
rocessi, a ,beam spot of. the | aser beamoscillated by the pul se
o o be of ©

osci | | at't & to be processed. The shape of the |aser beam

out put fron1t3%épulse oscillator 102 is formed into a circular. shape if

t he shape of Phdhestendepental waviehet the relevapt|iager spase¥ he shape
thereof is formed into a rectangular shape. By further reform ng the | aser
beam as RSt hiaydacagoFungdiamen tele wvepei ol lgpsoensoiis icbipobsed) doub form

t he beam spot of |aser beamat the surface of the object to be processed
107. Fudrt Vierlegelspadidigonntithe goppoganaterhebr odesetaygd emmasioope, a
honogeni zer or the like nay be incorporated into the optical system 103 to
process & Kdriyshmarmoniter morde,a thoerds érarnmorait: adiorh s gest ateorpelt er 104,
which is equivalent to the fourth means. The conputer 104 controls the

osci | | atfiwmlarferpid Iseavectdh ale0bbt@2ned by aiiPbSnost BgRe OB IOldLT 101,
which is equivalent to, first means, so .that the beam spot of the |aser
beam cowaresmemtposi tion specified 21 by the data of a mask pattern.

Further, the laser irradiator 100 has an optical system
103 equivalent to the thirdmeans, whichis capable of processing
a beam spot of the laser beam oscillated by the pulse oscillator
102 in the object to be processed. The shape of the laser beam
output from thé pulse oscillator 102 is formed into a circular
shape if the shape of the rod is circular: if tﬁe rod is slab-like
shape, the shape thereof is formed into a rectangular shape.
By further reforming the laser beam as described-above with
the optical system, it is possible to form the beam spot of
laser beam at the surface of the object to be processed 107.
(M Further, dependingon the purpose of the processing, atelescope,
a 'homogenizer or the like may be incorporated into the optical

system 103 to process the beam.
Furthermore, the laser irradiator 100 has a computer 104,
which is equivalent to the fourth means. The computer 104
controls the oscillation of pulse oscillator 102, and controdls
stage controller 101, which is equivalent to first means, so

that the beam spot of the laser beam covers a position specified
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In addition to the above described f our means, this laser irradiation
nmet hod may i nclude a neans for controlling the tenperature of the object
to be processed. FIG 2 shows a state that the relative position between
the substrate and the | aser beam spot is displaced (to be scanned) at
every | aser beam pul se. Enlarged views of beam spots 507a, 507b and 507c
are shown. Reference synbol 507a in FIG 2 denotes a | aser beam spot
positiop_a e irradiatiaon; . 507b denotes the | aser beam spot position
at the ﬁgkgh%u ?ggiP?aaiQFﬁkn?agﬁ&I§o7C denotes the |aser beam spot
position at tge ﬂﬁgﬁher next gulse I.rradi ation. Reference sgnbols 509a and
509b denote sOBAIHEOR Lo Ehefbove deseribed Foweegnfenihls dassdtti vel y,
at ever¥ one. pulse of the |aser beam The f eed pitch -is required to be
0. 3pm Erafdpsiond makhas mas singhirde preeanp| fort 60pETOILARS dhawre and
3pmor less. Further, as for the beam the energy density at the edge
por ti ont8MPEREtLESepLhERM Y igetetdl bp Powsessiesh the other portion
processi ng on the object to be processed may not be nade evenly.
Accordi ngly, FiIGis2 mledws cedtaliat thht theerebeaive ippdirtriaeti dedavesan t hat t he
edge portion in the longitudinal direction of the beam spot 507a of the
| aser bé&hmddes: rwite andrthaplaset hehhes ot L 9ad1500aeed (iad Batsdadhnasd )
i sl and-1i ke sem conductor f ilmA, which is obtained by patterning the
: Sﬁn‘i go_nelutcémrfr ldgar?beain pelselyskrlatdeliwibwdor ByaR Ko tsMRIV5Ccanni ng
t he beam

507b and 507c¢ are shown.

Reference symbol 507a in FIG. 2 denotes a laser beam spot

e

position at a pulse irradiation; 507b denotes the laser beam
spot position at the next pulse irradiation; and 507C denotes
the laser beam spot position at the 'further next pulse
irradiation. Reference symbols 509a and 509b denote substrate
stage shift distance (feed pitch), respectively, at every one
pulse of the laser beam. The feed pitch is required to be 0.3um
or more and 5um or less, more preferably, to be 0.7um or more

and 3um or less.

L

Further, as for the beam, the energy density at the edge
portion of the laser beam is generally lower than the other
portion, processing on the object to be processed may not be
made evenly. Accordingly, it is preferred that the laser beam
is irradiated so that the edge portion in the longitudinal
direction of the beam spot 507a of the laser beam does not overlap
with the potion 500 equivalent to an island-like semiconductor

film A, which is obtained by patterning the semiconductor £ilm
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spot of linear form it is adapted so that the area, which is denoted by
reference nuneral 508 in FIG 2, is not irradiated in theportion.500

equi val ent to the above-described island-1ike sem conductor filmA. Wen

t he sem conductor after crystallization is used as the active |layer of the
TFT, it is preferred to fix the scan direction so as to be paralleled to
the direction in which the carrier in the channel f orm ng area noves.
This is shown in FIG 4A and FIG 4B. Reference nunerals 529 and 539 in
FIG 425bRbt erYREalifzAdirNke ERRi eBABDAPer YhaRe SCANNABEDERE| PEIAI  Wwhi ch
Is formed before laser irradiation. Reference nunerals 528 and 538 denote
t he ar eBPCEedbhdeknead \Forghi dit iis fdapbedaso that sthadineadke whdritcdisduct or

| ayer B after laser irradiation. FIG 4A shows an exanple of an active

| ayer oflenctefdhe rafegreeidd numeotnl $08 dwni BEG. W2 t hiome tc hamadliaftedni ng
area. A channel form ng area 520, which conprises the island-I|ike

sem conilodherpdm=tyissn Bp oauth ivglenit yo ahessh &Zd - daskc bZed Whilahd-Wilkle becone a
source area or a drain area, respectively, are provided. \Wen

cryst al kemiogniibetsentgomdnct or using the laser oscillator according to

t he invention, as shown with arrows, the scan direction of the |aser beam

is f ixed so @msed e sRAiddRiREort A£lRe diygehi 0RzbRivhI €8 dgsarrier in
the channel form ng area noves (channel |ength direction) . Ref erence

nurer al the2adr1¢ENPAGE 1 BE BEAMBROt: Of1 d ha-d Asere baame hirglh scaRs in the
23 directions indicated wth the arrows.
direction so as to be paralleled to the direction in which the
carrier in the channel forming area moves. This is shown in
FIG. 4A and FIG. 4B. Reference numerals 529 and 539 in FIG.
4 denote the island-like semiconductor layer A, respectively,
which is formed before laser irradiation. Reference numerals
528 and 538 denote the area, respectively, which is fo-r‘med as
an island-like semiconductor layer B after laser irradiation.
FIG. 4A shows an example of an active layer of a single

gate TFT which is provided with one channel forming area. A

channel forming area 520, which comprises the island-like

( semiconductor layer B, and impurity areas 521 and 522, which

will become a source area or a drain area, respectively, are
provided. Whencrystallizingthe semiconductorusingthe laser
oscillator according to the invention, as shown with arrows,
the sca'n directionof the laserbeamis fixedsoastobeparalleled
to the direction in which the carrier in the channel forming
area moves (channel length direction). Reference numeral 523

denotes the beam spot of the laser beam, which scans in the
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Also, in FIG 4B, an exanple of an active layer of triple gate TFT to

whi ch three channel formng areas are provided is shown. Inpurity areas
533 and 534 are provided so as to sandwich a channel f orm ng area 530

t her ebetween; further, inpurity areas 534 and 535 are provided so as to
sandwi ch a channel formng area 531 therebetween; and furthernore,

I mpurity areas 535 and 536 are provided so as to sandw ch a channel

form ng.area, 532 therebetween. Wen the sem conductor is crystallized

usi ng PﬁgeP5§8PSO§B§FF5$8ﬁe3&58r&PﬁgaFEOWﬁé i nvention, the | aser beam
scans in the directjion of the arrows. However, as a matter of conveni ence
of circuit |aybiP: & iCor ABhaaTEXaPV® PR 3R Bk ViRal AV RT RS pirdp e he
direction of carriers, noving into the respective active |ayer channel f
or m - ng98Feast I nky ol itheeehshaphefl Spoming aoeasante aiveriddd i he pi xel
section, the signal line drive circuit section, and the scan line drive

ci r cui t SBewni- onlmpurihyRreacn$a3 aingo; 34 bee prrvenlédrnoias &b sanidwleh and t hat
will be described referring to FIG 3. FIG 3 shows a case that the scan
di r ect i shaginelhEormieg areadin 0 hhekebstarehi; Murttase, thpavityareasHl2 is
dif f erent from those in the other areas. First of all, using the markers

f orned53énatfies3nbsts apeoasdédiesPasd tionAndwwiat enedanms shewidg FI G
3A, area 511, which will beconme a signal line drive circuit, and area 510,

whi ch WakbalBTD R et diietile s1BC hhANEuAE e BHOL ¢ Lidth 24 P abB8 s #9Fand
I rradiation.
536 are provided so as to sandwich a channel forming area 532
{ : therebetween. When the semiconductor is crystallized using
the laser oscillator according to the invention, the laser beam
scans in the direction of the arrows.

However, as a matter of convenience of circuit layout,
as for the TFT used in active ;natrix display, the direction
of carriers, moving into the respective active layer channel
forming areas, may sometimes be different from each other, in
the pixel section, the signal line drive circuit section, and
the scan line drive circuit section. In such a case also, the

( invention is effective, and that will be described referring
to FIG. 3.

FIG. 3 shows a case that the scan directions of the laser
beam in the scan line drive circuit area 512 is different from
those in the other areas. First of all, using the markers formed
on the substrate as the positional references, as shown in FIG.

3A, area 511, which will become a signal line drive circuit,

‘and area 510, which will become a pixel section, are subjected
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Next, as shown in FIG 3B, the substrate stage is turned by 90' and the
mar kers formed on the substrate are read again. Based on the positional
information, the area 512, which will become a scan line drive circuit is
subjected to the laser irradiation. Thus, it is possible to change the
relative shif t direction of the |aser beam spot within the substrate and
to irradiate the sane. Further, there may be a case that, even when the

| aser irr gia ion is being carried out, the |aser beam should not be

i rradi af8&d 8n§8§§?iP?rﬁglﬁﬁé°§urface of the substrate. In this case, an
AO (acoustooptics) |ight nodul ati on device, which is capable of
temporarily alN8%Eendf &hawn dmi BIQ: n3p t Hdrg substrpsenstasg be tywmmeadied in an
optical systenbetween the substrate, which is the object to be processed
and t hebva8e? agstcitheamarketrs fochesd ton délecsubserhbe aré asizad iagyaiposi tion of
the laser beam it is necessary to formthe markers for positioning wth
r espect Bagegdhenseiné qoreiuct@ra X iinfdinertdiam , Bhe. abeah®ys, vwHiecpesilty ons
where markers are f ormed in a sem conductor f ilm which is fornmed to

pr epar ebagomet iavesowmt ridnd ypei e LoadiUet 058 sdeybeCedFtEe the Shaws an
exanpl e of the case that one sem conductor device is prepared from one

substratieraBiG@tidh. shaws, theisasesdivie kolinsesd ¢RRAMCT OF 1 YE\WGES: are
prepared fromone substrate. In FIG 5A reference nuneral 540 denotes an

area whanee2®idnsem ¢ABAVSEEEE heAM éSof AF B OB A Gndlaid ed |ine

irradiate the same.

Further, there may be a case that, even when the laser

.

irradiation is being carried out, the laser beam should not
be irradiated temporarily to the surface of the substrate. In
this case, an AO (acoustooptics) light modulation device, which
is capable of temporarily and completely shielding the laser
beam, may be provided in an optical systembetween the substrate,
which is the object to be processed and the laser oscillator.

In order to determine the irradiation position of the
laser beam, it is necessary to form the markers for positioning
with respect to the semiconductor film thereon. FIG. 5 shows
the positions where markers are formed in a semiconductor £ilm,
which is formed to prepare an active matrix type semiconductor
device. FIG. 5A shows an example of the case that one
semiconductor device is prepared from one substrate; FIG. 5B
shows the case that four semiconductor devices are prepared
from one substrate.

In FIG. 5A, reference numeral 540 denotes an area where
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541 denotes an area where a pixel section is forned; dotted |ine 542
denotes an area where a signal line drive circuit is formed; dotted |line
543 denotes an area where a scan line drive circuit is formed. Reference
nuneral 544 denotes areas where a marker is f ornmed(marker formng
portion), and are provided to be positioned at four corners of the
sem conductor. In FIG 5A although the marker formng portion 544 is
provi ded at four .corners respectively, the invention is not limted
t heret 0 RERGHPRGUELSE ?ﬁimp §if‘?’6‘ﬂ?‘1{g°%fttf%egustb'ﬂi¥aa§%-‘a djitethd 4ngser beam
in the geqiﬁpnductor and the patterning mask of the sem conductor is
obt ai ned?*t HERREES: PN KRG WhEBEr SoPixede sesiion fisr doxyesor diodedar e not
limted_ to the node described-above. In FIG 5B, reference nuneral 550
denot es 1d"&§efft dofRRRE®F an GiraRal vhenehe sipbailalénedbriee dinmisstisdenotes a
scribe line, which is used to cut off the substrates in the |ater process.
In FI G fopmedy dottéeddistd StBedenbbes sirearakhovigetda scanbeiné darivebl, four
sem conduct or devi ces can bemanuf actured. Thenunber of the sem conductor
devi cesciwlizdlt s ef @biad neRdfemindd ngmeafsll, 548 dokopastdadamherd mted to
this. Reference nuneral 552 denotes a portion a marker is f ormed (marker
f orm ng parkeon)s Bowhed(paokétetbdhihg PEreL6ML! an®@fadd@roiigeenduct or.
In FIG 5 B, although the marker f orming portion 552 is provided at four
cor ner stoeppepbiiehynetingt2€ouRv eBrn@tsl SN ehel isdtiednidi@it@Q. Assum ng
that the positioning

In FI1IG. 5A, although the marker forming portion 544 is

?\ .- provided at four corners respectively, the invention is not
limited thereto. Assuming that the positioning of the scan area
of the laser beam in the semiconductor and the patterning mésk

" of the semiconductor is obtained, the position and number of
the marker forming portions are not limited to the mode
described-above.

In FIG. 5B, reference numeral 550 denotes a semiconductor
formed on the substrate; dotted line 551 denotes a scribe line,

which is used to cut off the substrates in the later process.

N

In FIG. 5B, by cutting off the substrates along the scribe line
551, four semiconductor devices can bemanufactured. The number
of the semiconductor devices, which are obtained by cutting
off, is not particularly limited to this.

Reference numeral 552 denotes a portion a marker is
formed(marker forming portion), and is provided at four corners

of the semiconductor. InFIG. 5B, although the marker forming

portion 552 is provided at four corners respectively, the
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of the scan area of the |laser beamin the sem conductor and the patterning
mask of the sem conductor f ilmis obtained, the position and nunber of
the marker formng portions are not |imted to the node descri bed-above.
The markers are f ornmed sinmultaneously in the conventional photo

| i t hography process in which the island-like sem conductor filmA is
formed in.a manner of patterni ng. OnMng to the constitution as descri bed

above, rystall t sem conduct or, ossi bl e to reduce the
tine ne?‘té-‘ts";%élrtf o'y f’ntcﬂ:e f‘&gﬁ?g %% a FﬁFf“&HgaW*iﬁ e RGP I speed of
t he substfr Fh[encan be | roved, bhecause it can omt the tinme necessary for
i rradi af’f % é’qaé%(?F F fthe HeseteRedhdiittidie e coRiestos ardoved due

to the form n% island-1i ke sem conductor filmB. Exanples Exanple 1
Ref errith§ P8 Fﬁ@legtf&a@k i thpesembppnaugtoy fihufisaebtiaingd. ngrérod of
active matrix substrate will be described. Herein, as a matter of
conveni 8964 ti®ns @nd rmubenwEhthe morked Wioriing OIS icirc e moUri ve
circuit, and a pixel section having a pixel TFT and a hol ding capacity on
t he samdigdlied dice thai IModebalesairidschsatantd ve matri x substrate. First of
all, in the Exanple 1, a substraté 600 conprised 27 of a barium
borosilicate Fhassadtermnaakbiomet bonasithneag1¢! Bsshe@ordhehtidegais used.
As for the substrate 600, a substrate _

photo lithography process in which the island-like

semiconductor film A is formed in a manner of patterning.

Owing to the coastitution as described above, after

/"“‘\_

crystallizing the semiconductor, it is possible to reduce the
time necessary for the laser beam irradiation and the processing
speed of the substrate can be improved, because it can omit
. the time necessary for irradiating the laser beam to the
semiconductor area, which is removed due to the forming of

island-like semiconductor f£ilm B.

Examples
( Example 1

Referring to FIG. 6 to 2, in the Example 1, amanufacturing
method of active matrix substrate will be described. Herein,
as a matter of convenience, a substrate, which is formed'with
a CMOS circuit, a drive circuit, and a pixel section having
a pixel TFT and a holding capacity on the same substrate, will
be called as active matrix substrate.

First of all, in the Example 1, a substrate 600 comprised
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formed with an insulating filmon the surface of a quarts substrate, a
silicon substrate, a netal substrate or a stainless substrate may be used.
Al so, a plastic substrate having heat resistance against the processing
tenperature of the Exanple 1 nmay be used. Then, on the substrate 600, a
base film 601 conprised of an insulating filmof a silicon dioxide film a
silicon nitride film or a silicon oxide nitride filmor the like is
formed i.n a manner of well-known means (sputtering, LPCVD, plasma CVD or
the |ik8F 2 PAELERANY Hid 4Gt EddApFeAan £d WpipayEberpaibhgate glass
doubl e-1 ayered_base fil mconprised of base films 60la and 601b is used.
However 9Tat8er dékgr dSolisgdai ndkefpay &hed sgbstdadsl 600ay & saibfstinatef t he
above-described-insulating filmnmy be used (FIG 6A). Next, on the base
fil meokormgdamiitbhan besitahingt 6dlnf idim 1882 $erfaceedfae aushitckness of
25-150nn( preferably, 30-120nm in a manner of a well-known neans

(sputt esithgtreRE€VR sipliasmsubdraté ha ne ke s(bkGratd)or Actaidilrgd 0 t he
Exanpl € 1, although an anorphous sem conductor filmis forned, a mcro

cryst al ssbritcandunaprbd idgadr aleoy,Shaplastieonastoatéinarisg mala30
applicable. Further, a chem cal conpound sem conductor having an anor phous

struct upesabtancenByphays €hbiEAHcE8ENRG tdhpdihbhps dheid s e used.
28 Next, the anorphous sem conductor film 69% is subjected to a

patterningayaBd Q¥e@arrying out an etching in a nanner

Then, on the substrate 600, a base f£ilm 601 comprised
{_ of aninsulatingfilmofasilicondioxide film, asiliconnitride
film, or a silicon oxide nitride film or the like is formed
in a manner of well-known means (sputtering, LPCVD, plasma CVD
or the like). According to the Example 1, as a base film 601,
a double-lavered base film comprised of base f£ilms 6Cla and
601lb is used. However, a structure of a single-layered or
double-layered £ilm of the above-described insulating £film may
be used (FIG. 6A).
Next, on the base £ilm 601, an amorphous semiconductor
(E film 692 is formed at a thickness of 25-150nm{preferably,
30-120nm) in a manner of a well-known means (spﬁttering, LPCVD,
plasma CVD or the like) (FIG. 6A). According to the Example
1, although an amorphous semiconductor £film is formed, a micro
crystal semiconductor £ilm or a crystal semiconductor £ilm is
also applicable. Further, a chemical compound semiconductor
having an amorphous structure of an amorphous silicon germanium

film or the like may be used.
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of anisotropic dry etching in an atnosphere containing a halogen fluoride,
for exanple, CIF, CF3, BrF, BrF3, IF, IF3 or the |like, ©portions 693a,
693b and 693c, which will becone an island-like sem conductor filmA
respectively, are fornmed (FIG 6B). Next, the portions 693a, 693b and 693c
on the island-1ike sem conductor filmA are crystallized in a manner of

| aser crystallization. The |laser crystallization is carried out using the
| aser irradi a[qi on rTEI'glhod according to the invention. Particularly, in
accordance wi tAXraskPeARTREPSH SeRondyr e fidghhaRels suhiactader
irradiator, a |laser beamis irradiated selectively to the portions 693a,
693b andCe83Padterme NG s |aH - BY K SHND e tady Sidhiny MNedadmsyman say,
not only the |aser crystallization, but also, the crystallization my be
car ri ed 2§ AR IFLEr RHBAFAt ¢ brh g B noa ek spbklrelgovira irctys adid Iiggn on

met hod gF_RTA, heat crystallization using furnace annealing, heat

cryst al Filpgurige .uSenexanmte) CEFen®Il;, BuRi GrFaccel cif o hhe like,
crystallization, or the like). In the laser Irradiat ion method according
to the ppwdhonens93a, @s3h aset 603ci,|waich wirl labsebind- &4 atsd drasarixsci | | at or
of pulse oscillation in well-known | aser sources is usable. Wen a gas

| aser obemiksadostior &tilan A STdigrhtiGmly a GNtFdinddy (FRANSHS, dat apattern
of phot omaskconf iguratlon using a conputer 104 is applied thereto, and

the other conmbiktytiwed po@tidnedfat G RIKhaaryo R Snehdad 1 iy Bxampl e 1,
the case, in which an Nd : YLF laser of pulse oscillation is used, wll be
descri bgdmiconductor film A are crystallized in a manner of laser
crystallization. The laser crystallization is carried out
using the laser irradiation method according to the invention.
Particularly, in accordance with mask information input in the
computer of the laser irradiator, a laser beam is irradiated
selectively to fhe portions 693a, 693b and 693c on the
island-like semiconductor f£ilm A. Needless to say, not only
the laser crystallization, but alsc, the crystallization may

be carried out in a combination with another well-known

crystallization method (RTA, heat crystallization using

(, furnacr—; annealing, heat crystallization using ametal element,

which accelerate the crystallization, or the like).

In the laser irradiationmethod according to the invention,
a gas laser oscillator or a solid-state laser oscillator of
pulse oscillation in well-known laser sources is usable. When
a gas laser of pulse oscillation is used, only a control by
means of datapattern of photomask configurationusingacomputer

104 is applied thereto, and the other constitution conforms
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FI GS. 10A and 10B show a |l aser crystallization processing apparatus. FIGS.
10A and 10B show a case, in which an Nd : YLF laser oscillator |aser
source 1101 is used under the conditions of 1. 5Woutput and | kHz repeat
frequency. The | aser source 1101 is a nethod, in which an YLF crystal and
a non-linear optical elenment is placed in a resonator, and a second
harnonic of 527nm wavel ength is output. Needl ess to say, the non-linear
optical .el enent na | aced outside the resonator. Further, as for the

| aser oS¢ Ioggtl&arﬁ/£‘% F‘ﬁggf" d i snchxamBiechr the <% gt athishk ahd the
configuration of the beamspot immediately after output fromthe | aser
osci | I atlgr- ¥iB1laser af pullae. oswbhlahéant he used.i yaldthodeasfcnitedod is

sl ab- |like shape and the configuration of the beam spot inmediately after
output is recFaf§ul B2 3RApB ghoyes dpisigadcbes bad 11 het beammspsssigen be ref
ormed into a desired conf iguration by neans of optical system As for the
Nd : YLEPpag@tus.heF3fseadOAgandgli@BofsHdwe dasise | SiByhicki &, Nal:t hough
the beam size is approximately 2mm in dianmeter at the outlet port, it

expands YL& approxi oacklyatbrmiliasedi asehece all 101paSi tho8d 20a@eawadhd rom t he
outlet port. Wen a convex |lens 1102 of focal length f=600mmis placed at

t hi s posioniddrtioniseobaarsi sutphoEmRl1kAkrdpddt arbghebedm 0fhe hyER1 N
di aneter. The | aser beam which is reflected by the 30 optical mrrors

1103- 1168buslewnl 6 D il £Smetddd,i sn ¢ONNSRY TV cris €01 §HINA A - | ens
1106 having the curvature in the

optical element is placed in a resonator, and a éecond harmonic

of 527nm wavelength is output. Needless to say, the non-linear

optical element may be placed outside the resonator. Further,

as for the laser oscillator 1101, the rod is cylindrical in

configuration, and the configuration of the beam spot

immediately after output from the laser oscillator 1101 is

circular. Even when the configuration of the rod is slab-like

shape and the configuration of the beam spot immediately after

output is rectangular shape, as described below, the beam spot

can be reformed into a desired configuration by means of optical
kﬁj system. |

As for the Nd ! YLF laser, the spreading angle of the beam

is 3mm radian:; although the beam size is approximately Zmm

in diameter at the outlet port, it expands to approximately

lcm in diameter at a position 20cm away from the outlet port.

When a convex lens 1102 of focal length f=600mm is placed at

this position, the beam is reformed into a parallel beam of

10mm in diameter. The laser beam, which is reflected by the
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direction of Yin FIG 10A Herein, the Y-direction is the shift direction
of the beam spot of the | aser beamon the sem conductor surface, and is
the shorter direction of the beam spot. Also, the X-direction in FIG 10A
is the longitudinal direction of the beam spot of the | aser beamon the
sem conductor surface, and crosses at right angles wth the shift
direction of the beam spot of the | aser beam on the sem conductor surface
(optical, _m.rrars.1103-1 ar. | aced on the ground of the_ |ayout of the
apparat&gglCLq'Pﬁrfgrﬁoiggpﬁégggiﬁ P¥PehBabf @) . 1B n® RS edABE i tution
as descri bed above, the beam spot on the sem conductor surface, which is
the irr 8diCAVEHK ﬂﬁ%@éf}cfasl it %r k06 ReBiRg| thearusNasaaendam e

| Omx| ONm However, the nmethod of reformng the | aser beam of rectangul ar,
el |i pti G3FeGtiomesr YSsHRnE I&- (4R i r Hediedni. ovhes ¥r-ddaedtsamotid it ed to

t he above. Although not shown in the figures, it is possible to elongate

t he beaffPdifdt diFeqtdngi tafli Bae biemsctsipot F pileei hgsear cbreavencyliendr i cal

| ens between the optical mrror 1103 and the convex cylindrical |ens

1106. AsedijconduqiossswtBace, @at ésatloeamoerdkelki dbtostion off €hemdang t he

| aser beaminto a parallel beamor a beam expander for expanding the |aser

beam beswmedn thsoontheexegiiadtionl inlEns. aroh tie draRsaomeaiddaior 1101, A
met hod of reformng a beaminto a |inear shaped beamusing a | aser source

of 1.5Wi3tecttiputofitht Wedeaposnst tAb 1HYENhERMIEENE @M iR RIIGSE her e.
However, in the case of a larger output |aser source, it is
surface, and crosses at right angles with the shift direction
of the beam spot of the laser beam on the semiconductor surface
(opticalmirrors1103-1105areplacedonthegroundofthelayout
of the apparatus, but it is not always indispensable). Owing
to the constitution as described above, the beam spot on the
semiconductor surface, which is the irradiation surface, is
reformed into a linear shaped beam of 10mmx10pm.

However, the method of reforming the laser beam of
rectangular, elliptical or linear shape at the irradiation
surface is not limited to the above. Although not shown in

(f: the figures, it is possible to elongate the beam spot in
longitudinal direction by placing a concave cylindrical lens
between the optical mirror 1103 and the convex cylindrical lens
1106. Also it is possible to place a beam collimator for
reforming the laser beam into a parallel beam or a beam expander
for expanding the laser beam between the concave cylindrical

lens and the laser oscillator 1101. A method of reforming a

beam into a linear shaped beam using a laser source of 1.5W
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preferred that the beam spot size in the longitudinal direction only is
enl arged wi t hout changi ng the beam spot size in the shorter direction
(currently, an oscillator of LD excitation Nd : YLF laser, which is
operabl e at 20V output, is commercially available). In order to shi-f t
the relative position of the beam spot of the |aser beamon the

sem conduct or surface, a substrate stage 1109 is nmade to sweep in the
Y-direction %sho er direction of the beamspot). Wen the sweep speed of
t he subgf"&gtu @%géea Qeam sHAf ofclompiREup hasdrepm desriked hareuency, at
every 'k{rradi atiqgn g&ﬁ}t he | aser pulse, the relative position between the
subst r at @ aN§t'hé™o SASE GfsH ACEFEy ORI karer ERet iddh {F eed
pitch is 31AE). FIG 11A is a SEN observation of a silicon film which has
been cr PEEIPECEEItRFt HgnReam surt pasgerin thedlenybhudbraddinesddradi ng to

t he Exanpl e 1, in_which crystal grain boundary is visualized in a manner
of SeccBRE¥cAEngR1lAKrged] vB theytricBangling dtimew bewan Rt alizy dim thoundary
and the size thereof so as to be understood easily. Referring to this, it
i s undeFbpsder dhaectipst bbsrrahtldly, haueobethl stof osf ab texdilta tper

| ateral growth in the Y-direction of the scanned beam spot of the |aser
beam aN@ fYLFHGseant whlleHsi & opEh@llcAhd ztzmlaci@gh%% 18YdterRRErd10d) cally in
the scan direction and the vertical direction 32 of the | aser beam spot. It
I s undeashdddblkat. the period correspond to 3pm which is the feed pitch
of the laser pulse

In order to shift the relative position of the beam spot

{_ : of the laser beam on the semiconductor surface, a substrate

stage 1109 ismade to sweep in the Y-direction (shorter direction

 of the beam spot). When the sweep speed of the substrate stage

is 3.0mm/sec. at lkHz laser pulse repeat frequency, at every

irradiation of the laser pulse, the relative posit‘ion between

the substrate and the beam spot displaces by 3pum in the
Y-direction (feed pitch is 3um).

FIG. 11A is a SEM observation of a silicon £ilm, which

has been crystallized by means of the laser irradiation method

!',-M\!
-

according to the Example 1, in which crystal grain boundary
is visualized in a manner of Seccb Etching. FIG. 11B and FIG.
11A show the crystal grain boundary and the size thereof so
as to be understood easily. Referring to this, it is understood
that crystals, which have been subjected to the super lateral
growth in the Y-direction of the scanned beam spot of the laser
beam, are formed continuously. The grai'n boundaries reside

periodically in the scan direction and the vertical direct‘ion
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at every irradiation. OmM ng to the above described | aser crystallization,
portions 694a, 694b and 694c of island-like sem conductor film A, of which
crystallinity has been increased (FIG 6C). Next, by patterning the
portions 694a, 694b and 694c of the island-like sem conductor filmA into
a desired configuration respectively, portions 602-606 of an island-Iike
sem conductor filmB are forned (FIG 6D). After formng the portions
602- 606 %f ‘_Tthhete i’sland-l i ke sem cqnductor fi in order to control the
0

il mB, )
t hr eshol HeESTETP At G tano ikt 6F PROSFFEQCS| Sheht theomsFind
phosphor ous may be doped. The inpurity doping for controlling the
t hr eshoCETIFHPPE £&r PHBd Waichelinridia Heqdapditcly p&t Bhej kasénmulse af t er
formng a gate insulating film Next, a gate insulating film 607 that
covers P BY&LY Heragd@td®iductor filnms 602-606 is forned. The gate
insulating film607 is formed with an insulating film which contains
silicon, of 40¥iB@gnrhid nthei ebwyss descrimedelasbrplcayrsalMB zadriaput t eri ng.
According to the Exanple 1, the gate insulating film607 is formed with a
si | i conpeirtiogs otde §34bnan@constcidfiicdandallifte SemBRdHd@sbOLE INFY % and
H=2% at 110nm in thickness in the manner of plasma CVD. Needl ess to say,
t he gat @,i esukvatiichg cfriylsrals indtt i indd ek dro theresiddToqrid.t rdcde 33 oxi de f
iI'm but another insulating f ilm which contains silicon, may be forned
into a singl eNkayerpg gt t&rhiageehs igdialilfs 694a, 694b and 694c of
the island-like semiconductor film A into a desired
configuration respectively, portions 602-606 of an island-like
semiconductor film B are formed (FIG. 6D).
After forming the portions 602-606 of the island-like
semiconductor £ilm B, in order to control the threshold of the
TFT, minute amount of impurity element (Boron or phosphorous)
may be doped. The impurity doping for controlling the threshold
may be carried out before the laser crystallization, or after -
forming a gate insulating film.
Next, a gate insulating film 607 that covers island-like

(/ semiconductor films 602-606 is formed.  The gate insulating

film 607 is formed with an insulating f£ilm, which contains

silicon, of 40-150nm in thickness in a manner of plasma CVD

or sputtering. According to the Example 1, the gate insulating

film 607 is formed with a silicon nitride oxide f£ilm

(constitution ratio: Si=32%, 0=59%, N=7% and H=2%) at 110nm

in thickness in the manner of plasma CVD. Needless to say,

the gate insulating £ilm is not limited to the silicon nitride
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Further, when a silicon dioxide filmis used, the gate insulating film can
be formed in a manner of the plasma CVD, by m xing TECS (Tetraethyl Otho
Silicate) and 02; at 40Pa reaction pressure and 300-4000C substrate.
tenperature, and by discharging high frequency (13.56MHz) at 0.5_0.8WCW
O electric power density. The silicon dioxide filmprepared in the
above-descri bed nmanner is subjected to a heat anneal at 400-5000C, thereby

excellen ?‘? ebﬁtlc as the gate iulati_n filmare obtained. Next,
formed SRR L <Py ST A bEr0 FLLR. ptyisih CRBhRERE B 1P 608 of
20-100nmin_fil.mthickness and a_second conductive film 609 of 100-400nm
in filn"P¥i BRnESSMeR ABER RgSipglendaERang erilamiaatedssteyadueeive film
608 conprised of a TaNf Imof 30nmin f Il mthickness and the second
conductive fFPRFBOY- cBRPRI Betibican WiexhdeffBMOMm ius<d .| mbehigekress are
built-up to forma |am nated [ayer. The TaN filmis formed in a manner of
sputter F—ﬁgu&@ltﬂggafﬂ-émg@@nobeTéorlaﬁd tpw treanoey dfh the pllassEheve ,
containing Nitrogen. Also, theWilms forned in a manner of sputtering
usi ng abvamjeringd TROSX tiEettaabhyheOr&hov & iltivatabovendlessr hlbed ofid m may be
formed in a manner of thermal CVD using Tungsten hexaf |uoride (W) In

any caseeactﬁousleréﬁlgufe|dﬁdii‘3obhaogat%@d@@ééﬂg‘%em}ier‘a%d}%?eéﬁﬁr Yyt 0 [ ower
the resistance, and as for the resi stance of the it 34 is desired

to be | 83schbaniddlALeh Axd@ierddie Y4 Bi B@MH%l)thEPE’% 510 .igfy /R@SSiH e to
| ower the resistance by f ormng | arger crystal
electric power density. The silicon dioxide £ilm prepared in
the above-described manner is subjected to a heat anneal at
400-500°C, thereby excellent characteristics as the gate
iﬁsulating film are obtained.

Next, formed on the gate insulating film 607 is a first
con&uctive film 608 of 20-100nm in £ilm thickness and a second
conductive film 609 of 100-400nm in filrr; thickness. According
to the Example 1, the first conductive film 608'comprised of
a TaN £ilm of 30nm in f£ilm thickness and the second conductive
film 609 comprised of a W £ilm of 370nm in film thickness are

tj‘ built-up to form a laminated layer. The TaN film is formed
in a manner of sputtering using a target of Ta, and sputtering
in an atmosphere containingNitrogen. Also, theWfilmis formed
in a manner of sputtering using a target of W. Other than the
above, the above-described film may be formed in a manner of
thermal CVD using Tungsten hexafluoride (WFg¢). In any case,
to use the film as the gate electrode, it is necessary to lower

the resistance, and as for the resistance of the W £film, it
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grains, in the case that a | arge anount of inpurity element such as oxygen
or the like is contained in the Wfilm the crystallization is inhibited
resulting in a larger resistance. Therefore, according to the Exanple 1,
by carrying out the sputtering using a high purity W{(purity |evel:
99.9999% as a target, and furthernore, while paying a great attention not
to aIIow any inmpurity to come in fromthe atnosphere during the f ilmf
or m ng, WIE ilmis orned achi evi ng resi stance of 9-20VQm

Accor di rﬁ &%Sfﬁ%dé&hﬁl Lei,s than ?P#*g)(c“b'on&t?cﬁ?ﬁéihfq Fréilog gldhasighed with
TaN and the sec%lg cond ctlve filme609 is formed wth W However, the
above i &bt PPP &8 1E‘P1 PEES. the Tegdy toase by foTmingd fage e diaded wit h
an el ement selected f rom Tal W Ti, My, A, Cu, C and Nd; or, the film
may be F&AHES- Wit frhen Caiseo Fhvdt @r iLair deo mneiunth @ ft HEpaGY @lemsnt as t he
main conponent, or a conpound material. Al so, a sem conductor represented
by a poFyPEhy @Salvigensian dare f11ke dbpedontahnednpur thy @l &igmt, |tile
phosphorous, or AgPdCu alloy nay be used. Further, a conbination of a
first cemygcAlldzeitient bs Hathibited réanilibing {Ta) 1érgém&d_stﬂm1csee.cond
conductive f 11mf orned with Wf ilm a conbination of a f irst

conduct Therefioe,f aorovediivid hto Thé amkampDét Li dBy( TaMryfingmoand e second
conductive film f ormed with a Wf ilm a conbination of a f irst

conduct ispatiteirimg3tstagmadhngh hpdantal wm mit 1 iderdkaN) anddde pecond

conductive f ilmf ormed with a Wf ilm a conbination of a f irst
conduct evearget, and furthermore, while paying a great attention not
to allow any impurity to come in from the atmosphere during
the film forming, the W £ilm is formed achieving a resistance

of 9-20ufcm.
According to the Example 1, the first conductive film
608 is formed with TaN and the second conductive film 609 is
formed with W. However, the above is not limited thereto. 1In
any case, the film may be formed with an element selected from
Ta, W, Ti, Mo, Al, Cu, Cr and Nd; or, the film may be formed
with an alloy material containing the above element as the main
( component, or a compound material. Also, a semiconductor
represented by a polycrystalline silicon f£ilm doped with
impurity element like phosphorous, or AgPdCu alloy may be used.
Further, a combination of a first conductive £ilm formed with
a Tantalum (Ta) film and the secénd conductive £ilm formed with
a W film; a combination of a first conductive film formed with

a Titanium nitride (TiN) film and the second conductive f£ilm

formed with a W £1lm; a combination of a first conductive f£ilm
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f iIlmf ormed with Tantalumnitride (TaN) and the second conductive f ilm
f ormedwmth an Al f ilm or a conbination of a f irst conductive f ilnf
ormedwi -th Tantalumitride (TaN) and the second conductive filmfornmed
with an Cu filmmy be used. Further, not limted to the doubl e-Ilayered
structure, but, f or exanple, a triple - layered s tructure, which is
built - up with a Tungsten f ilm an alloy filmof alum num and silicon
(Al -S)filman Titaniumnpjtride filmin_order may be used. .

Furt her frré%}en?@v\ﬂ%ghgr?#ﬁi‘éml ’éﬁ#@’rﬁé estTal wrd e danand condyatdiviee
TungsteﬁFgay be uged in place of Tungsten; an alloy film (A -Ti) of

al uni nufrt ARGt FFRGAIHER & Pl Eibmpa cribdmagion af a &yst gondusttimeuni num
silicon_may be adopted; and a Titanium filmmay be used in place of the

Ti t ani uft-AlEoTRe G ¥ Bh Tantad umpddiniair (TeNg @indethe sheongicondmadtiots ng

met hod and type of the etchant depending on the material of the

conduct £¥émifarmedeith andiingi bm photeocomb hogt aphypf arfisks t @bhduddlifreconpri sed
of aresist are forned, and are subjected to a first etching processing to
f or m el E¢imddamnesthdi b Fangs ]l uliel fiidd (TaNhiang tips seesslin@niductdrdd ed out
under the f irst and the second etching condition S (FIG 7B) . According

to the Exampferthedawithr anheu fFiidmt maychiengige@ndi tions, |1 CP (Inductively
Coupl ed Plasma) etching is adopted; as f or etching gases, CF4, Cl2 and 02

are used, 36 podthée,gastl LowitaletbStRe dodble-1Byeiedk theeResld vely.

Under a pressure of |Pa, an RP (13.56MHz) electric power of 500Wi s
but, for example, a triple-layered structure, which is built-up
with a Tungsten film, an alloy film of aluminum and silicon(Al
=-8i}film and a Titanium nitride film in order may be used.
Furthermore, when a triple-layered structure is adopted, a
nitride Tungsten may be used in place of Tungsten; an alloy
film (A1—Ti) of aluminum and Titanium in place of the all;)y
(A1l—Si)£film of aluminum silicon may be adopted; and a Titanium
film may be used in place of the Titanium nitride film.

It is important to collect the optimum etching method
and type of the etchant depending on the material of the

( conductive f£ilm.

Next, using a photo lithography, masks 610-615 comprised
of a resist are formed, and are subjected to a first etching
processing to form electrodes and wirings. The first etching
processing is carried out under the first and the second etching
conditions (FIG. 7B). According to the Example 1, as for the

first etching conditions, ICP (Inductively Coupled Plasma)

etching is adopted; as for etching gases, CFy4, Cl, and O, are used,
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applied to coil type electrode to generate plasma, and the etching is
carried out. To the substrate side (object stage) also, an RF (13.56Mz)
el ectric power of 150Wis supplied to inpress a substantially negative
self-bias voltage thereto. Under the first etching conditions, the Wfilm
is subjected to the etching to f ormthe edge of the f irst electrical
conducting layer into a tapered configuration. After that, w thout

renmovi n I%P£ masks 610- 6%5 conprised _of a r?sist, the etching condition
is chang% BSs320FdOM ERERGLS cohdi%t phl { SEE™) cFesReC k¥Rl g © CF4 and
Cl2 are useg and %Eﬁp as_flqow rate is 30 :30(scc respectively. Under a
pressur & BFSFEEI R %1?%6%—%)13&5&8@?% st Poew PE S0Pptsed to

the coil type electrode to generate plasma, and the etching is carried out
appr oxi r?&’Pé dr° FPLh bR . e¥ctrries ips Yeaes adieg@lesB|dectand &g al so,
an RF (13. 56MHz) electric ower of 20Wis supplied to inpress a
subst antitaN i d§abrvEiedept. bl ths sups tradecsdde Uneled et hes bagohd
etching conditions, in which CF4 and Cl12 are m xed, both of the Wfilm and
t he TaNalEso,. @raRE €18hEEMHS )t héessmicl povler 76 tAPWyimwupmbkied cte ng
W t hout remaining any residue on the gate insulating f ilm it s
pr ef er r dipresisner sades tand: ietldhyi Mg da tnev b ys apprindasratel yage Oe12detd n t he
above-described first etching processing, By 37 adapting appropriately the
conf i guilatdean thfe tFiestask ctdnyy icali foms | eis tw- fi16n edgas s jdduead i r st
el ectrical conducting |ayer
to the etching to formthe edge of the first electrical conducting
layer into a tapered configuration.
After that, without removing the masks 610-615 comprised
of a resist, the etching condition is changed to second etching
conditions. As for the etching gases, CF, and Cl,; are used,
and the gas flow rate is 30 :30(sccm) respectively. Under a
pressure of 1Pa, an RF (13.56MHz) electric power of 500W is
supplied to the coil type electrode to generate plasma, and
- the etching is carried out approximately for 30 seconds. To
thesubstrateside(objectstage}also,anRF(lB.SGMHz)electric
N power of 20W is supplied to impress a substantially negative
self-biasvoltage thereto. Under the secondetchingconditions,
in which CF, and Cl, are mixed, both of the W film and the TaN
£film are etched to the same level. To carry out the etching
without remaining any residue on the gate insulating £ilm, it
is preferred to increase the etching time by approximately

10-20%.

In the above-described first etching processing, By
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and the second el ectrical conducting |layer are forned into a tapered
configuration, owng to the bias voltage, which is applied to the
substrate side. The angle of the tapered portion is 15-45. OnMng to the
first etching processing, the electrical conducting |layers 617-622 (first
el ectrical 'conducting layers 617a-622a and second el ectrical conducting

| ayers 617b- 622b) of a first configuration whi ch are conprised of the

first e the econd | ectrical conducting

| ayer, é(rae %g‘e%ﬁg%;;' ﬁ%éyﬂ%’rﬁe?} %ragé%t%% CPIRYE CRERTASSy film
and the reas thq¥e%h ch _are not covered by the electrical conducting
| ayers 7a6‘:ffl & f Pgto%gﬁ'ﬁ farsti shegieifal mprduatolnhildy®@eas which
has been ed approxi mat el y 20-50nm Next, w thout renoving the mask
conpr i sea a ?%Eggfl el%CE-‘é%:eﬁa ePRAnAbipg okaker mre £ammed dntouta (FI G
7C). In this case, as for the etching gases, CF4,Cl2 and 02 are used, and
t he WfitF‘ﬁ‘\eF§dsé'1°&,ft319R¥I%FJé{Ibhew1%dtQ hble byaseundtaget hwhisbcdmd et ching
processi ng, second el ectrical conducting |layers 628b-633b are forned. On

t he ot h@PPRaRd te Bhefdubstriesideal Theroglis of thaybise fdd poaidmmar e
little etched, and electrical conducting |ayers 628-633 of a second

confi gufiat i on-45%. f orGveichg Then, tine t Hdits r egorhiggt herdmsks COgpr itsed of a
resist, a first doping treatnent is carried out, an inpurity el enment 38
that inpaetsrtibalN typéuctinie alerd- | iske -seni corduaior s1aktrd daaw
density. The doping treatnent may be carried out in a

conducting layers 6l7a-622a and second electrical conducting

layers 617b-622b) of a first configuration, which are comprised

e,

of the first electrical conducting layer and t.he second
electrical conducting layer, are formed. Reference numeral 616
denotes a gate insulating £ilm, and the areas thereof, which
are not cove:.;ed by the electrical conducting layers 617-622
of the first configuration are formed into thin areas which
has been etched approximately 20-50nm.
Next, without removing the mask comprised of a resist,
a second etching processing is carried out (FIG. 7C). 1In this
( case, as for the etching gases, CF,, Cl; and O, are used, and
the W-film is selectively etched. And then, by means of the
second etching processing, second electrical conducting layers
628b-633b are formed. On the other hand, the first electrical
conducting layers 617a-622a are little etched, and electrical
conducting layers 628-633 of a second configuration are formed.
Then, without removing the mask comprised of a resist,

a first doping treatment is carried out, an impurity element
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manner of ion doping or ion inplantation. As f or the conditions f or the
I on doping, dose anpunt is |X1013 -5x 1014 atoMs/CM2 ; and the

accel eration voltage is 40-80keV. According to the Exanple 1, the dose
amount is 1. 5x|I 013 atons/cnR*; and the acceleration voltage is 60keV. As
an inpurity elenment inparting the N-type, although an elenent included in
the 15-f amly, typically, phosphorous (P) orArseni-c (As) is used,

phosphor, . s u l,n, the le 1. | this case, electrical
conductfﬁéil%5%Fg%§2§ﬁ%3g'E%P@egggpg#mfé%ﬁﬂéEQ%ﬁﬁﬂ%ﬁﬂlQQngQﬁﬁﬁ§1§$ el enent
| nparting,the N—t¥%e, & qé$t¥ areas 623-627 are f orned_in a manner of
sel f -afi R ngeP5+5%rhe g%p P139atE2_tBeRt 693y B3 HiRT 19| dhent
inparting the N-type within the density range of X A 8_lX 020 atons /CMB
i s addeJOPRPL QF 1PBRRRIRG PR OmiRElaakptioad ohs £anthecondd ivasks

634a- 634c conprised of a resist are fornmed, and are subjected to a second
dopi ng €e&athentomtdaning.cdoseatimonniol s agel Hi' ghel 0t hnomsliain® pfariche fi r st
doping treatnent. As for the conditions f or the ion doping, dose anount

i s | X10EBe acg el srabhel yoltageats d0eBOkiedn vabtagding tidthé MHamyalaAs f or
the doping treatnment, the second electrical conducting |ayers 628b, 630b
and 632h, &he ased asotnskss aAgE IV sh6mTBMP | tahE e RlcceaRd At Hopi ng
is carried out so that the inpurity elenment is added to the 39 island-Iike
sem congodtayge Bel ewkile tapered portion of the f irst electrical
conducting layer. Then, the accel eration

As an impurity element imparting the N-type, although an element’

included inthe 15-family, typically, phosphorous (P) orArsenic

e

(As) is used, phosphorous (P) is used in the Example 1. 1In
this case, electrical conducting layers 628-633 serve as the
masks against the impurity el.ement imparting the N—tfpe,
impurity areas 623-627 are formed in a manner of self-aligning.
To the impurity areas 623-627, the impurity element imparting

the N-type within the density range of 1x10*®-1x10%° atoms/cm?

is added.
After removing the masks comprised of a resist, new masks
(kj 634a-634c comprised of a resist are formed, and are subjected
to a second doping treatment at an acceleration voltage higher
than that of the first doping treatment. As for the conditions
for the ion doping, dose amount is 1x10'°-1x10%atoms/cm?;
accelerationvoltageis 60-120keV. Asfor thedopingtreatment,
the second electrical conducting layers 628b, 630b and 632b
are used as masks against the impurity element, and the doping

is carried out so that the impurity element is added to the

39




o~

voltage is reduced | ower than that of the second doping treatnent, and a

third doping treatnent is carried out to obtain a state shown in FIG 8A

As for the conditions for the ion doping, dose amount is I Xl ol-9 |X 017

atonms /CM2 ; and the acceleration voltage is 50-100keV. OmMng to the

second doping treatnment and the third doping treatnent, to the | ow density

areas 636, 642 and 648 which overlap with the f irst electrical conducting

| ayer, an,inpuci, el eqent inparting the N type is added within the

donai 1y iPaRER b, BeRleonguTitie Thagh” the PhpEned Bohdian oF (thau ity

ar eas S%S 241, 644 and 647, an inpurity element inparting the N-type is

added WEEHFH HEHHGEY FandRching) Jagensy Bipn. afbfs 3 ergtiedur se, as

for the second doping treatnent and the third doping treatnment, by

adapt i n§Pakagspropeiireddovecihan shatof thgsedand ¢opbrgitaleatmenttor m t he

| ow-density inpurity area and the high-dens:Lty inpurity area,

r espect 298| §, thirdnlopio rfgeatmentiram caeded afiteto rapvimg tst@tees| st

masks, new resi st masks 650a-650c are forned, and are subjected to a

fourth dbpiwngint FEGt neAt . Awifryr tthe heorfdiourdds dapt et rieat @epting,0 t he

I sl and-1i ke sem conductors, which becone the active |ayers of a P-channel

type TFdpsenmpwbuny aleas1®33,10b6d% 623mNeénB60angaddad aWdel eaailgaurity

el enent inparting a conductive type 40 opposite to the above-descri bed

ggggugg i.zrget‘agaﬁisase—fmlomﬁk. biing thethecardoalieabblind te@Rdwling | ayers
- as the

and the third doping treatment, to the low density areas 636,

642 and 648 which overlap with the first electrical conducting
layer, an impurity element imparting the N-type is added within
the density range of 1x10'®-5x10" atoms/cm®; and to high density
impurity areas 635, 641, 644 and 647, an impurity element
imparting the N-type is added within the density range of
1x10"°-5x10%' atoms/cm®.

Of course, as for the second doping treatment and the
~third doping treatment, by adapting an appropriate acceleration

voltage, it is possible to form the low-density impurity area

.
(__/ and the high-density impurity area, respectively, by one doping

treatment.

Next, after removing the resist masks, new resist masks
650a-650c are formed, and are subjected to a fourth doping
treatment. Oﬁing to the fourth-doping treatment, to the
island-like semiconductors, which become the active layers of
a P-channel type TFT, impurity areas 653, 654, 659 and 660,

added with an impurity element imparting a conductive type
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masks against the inpurity element, an inpurity elenment inparting P-type
Is added to forminpurity areas in a manner of self-aligning. According to
the Exanple 1, the inpurity areas 653, 654, 659 and 660 are formed by
means of ion doping using diborane (B2H6) (FIG 8B) . Wen the fourth
doping treatnent is carried out, the island-1i ke sem conductors for
formng N-channel type TFT are coveredw th themasks 650a-650c conprised of

aresis i g t %g j é_hothi.ddoi t.reat nent, todli[hei urity

ar eas 6??,9%9 ang) g ‘%hg p 8?86§%eid30§8§gﬁ’tétvea YBfsi #5© "?Ifr%‘?gﬁt from

each ot ;) ectively. SI3c|y carrying out doping treatnent so that, in any
area of the d gg‘%v%?c?lh edEST P gf’ﬁgu?ﬁﬂﬁrgi ??Y%F‘%Fﬁi’?rﬁb'i% 8k ®- t ype

is I xI09-5xl 02latons /CMB, since the_inpurity areas function as the

source APSFJanBIRHBSEr LR artBR UG thee heBRBEReIan yPBPYEELY RLGReM em
occurs. By carrying out steps up to the step described above, inpurity
area is 1 Ao Reedfe@dded it Apam ippurdsyi avadecinre . matmeer an
activation processing is carried out. As for the activation processing,

wel | - kn®in Sedderaldeqning i oAccantdmmitacttie Rtample RTAltinpuronyi s

applicable thereto. Further, the | aser activation-processing step maybe

done, afameas Gl .f 6hdt. bhPeahdy®sO iarsulfatimeg foiyl mehas beenof addgbhg Then,

t he mask 650a- 650c conprised of a resist is renoved, 41 and a first

i nt er | ayerininsdiboragef i(IByHEP1 (FIG.orgmy. Awnhfedr thée fbuirsh iddeidqyer

insulating film 661, using the nmethod of

treatment is carried out, the island-like semiconductors for

{ - forming N-channel type TFT are covered with the masks 650a-650c¢

comprised of a resist. Owing to the first to third doping
treatment, to the impurity areas 653, 659 and 660, phosphorous
is added at a density different from each other, respectively.
By carrying out doping treatment so that, in any area of the
above, the density of the impurity element imparting P-type
is 1x10%°-5x10%'atoms/cm’®, since the impurity areas function as
the source area and the drain area of the p-channel type TFT,
no problem occurs.

i By carrying out steps up to the step described above,
impurity area is formed in the respective island-like
semiconductors. Then, anactivationprocessingiscarriedout.

As for the activation processing, well-known laser activation,
thermal activation or RTA activation is applicable thereto.
Further, the laser activation-processingstepmaybe done, after

the first interlayer insulating film has been formed.

Then, the mask 650a-650c comprised of a resist is removed,
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pl asma CVD or sputtering, the insulating film which contains silicon, is
formed in thickness of 100-200nm According to the Exanple 1, a silicon
nitride-oxide filmof 150nmin film thickness is forned by neans of plasm
CVD. O course, the first interlayer insulating filme661l is not limted to
the silicon nitride-oxide film Another single or lamnated |ayered
insulating film which contains silicon, may be used. Then, by carrying out
heat pr S§i t for, 1- hours .at 300-55Q0C), the filmis
hydroge%gtae .fl %geﬂfoff%%g@é?g So‘%f?%lrlﬁ%ﬁfa{?%é%tlhésd ?nﬁlf‘?%g Hohd Gt the

i sl and- Like.. I conduct or by neans. of hydraogen, which js contained in the
first i%PérF5§§?1}éikﬁ \ghuls %ﬁ??i%éﬁ?gr$¥5%5%EVi95189 Fhe dgethod & ayer

i nsul at | fil t he island-|ike sem conductor can be hydrogenated. As for
anot herpiggﬁ? &P ThE M Tgdtfat ithe 1nFHeatiPe Fhy™ bl ONd@InS pl asma
hydrogenalii_on (hydrogen excited by plasma is used), or to a heat treatnment
for 1-18+fA6QPs 3t 366MES0EY fhdirkatats pHerld CHRGIMI ndcBordiingmito
hydrogen, Next, formed on the first interlayer insulating filme66l is a
second FRecErapelei hsufati hicon|mibokde onpifeefli bh.ofinl 5Gmorigamidm
insulation filmmterial or an organic insulation material. According to

t he Exahpilekpesgniscifprimed &yi mefarisnofdfpllasnG taun n Oifl mothiseknass: i s
formed using amaterial of 10-1000cp, 42 preferably, 40-200cp in viscosity,
whi ch fEimstuieremieyemringddlatsing aEflm 661 is not limited to the

silicon nitride-oxide film. Another single or laminated

('t layered insulating £ilm, which contains silicon, may be used.
Then, by carrying out heat processing (heat treatment

for 1-12 hours at 300-550°C), the film is hydrogenated. This
process is for terminating the dangling bond of the island-like
semiconductor bylneans'of hydrogen, which is contained in the

first interlayer insulating film 661. Irrespective of first
interlayer insulating £ilm, the island-like semiconductor can

be hydrogenated. As for another means for the hydrogenation,

the film may be subjected to plasma hydrogenation (hydrogen

N
et

L

excited by plasma is used), or to a heat treatment for 1-12
hours at 300-650°C in an atmosphere containing 34160% of
hydrogen.

Next, formed on the first interlayer insulating £ilm 661
is a second interlayer insulating film 662 comprised of an
inorganic insulation film material or an organic insulation
material. According to the Example 1, an acrylic resin film

ofl.Guminfilmfhicknessisformedusingamaterialof10—10000p,
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According to Exanple 1, in order to prevent specular reflexion, unevenness
Is fornmed on the surface of the pixel electrode by form ng second

interlayer insulating film which is formed with unevenness on the surface
thereof. Further, in order to obtain |light scattering by giving unevenness
to the pixel electrode, a convex portion may be forned in the area bel ow
the pixel electrode. In that case, since the convex portion can be f orned

using t t Qe as that.f or.f ormn he TFT, the convex portion
can be fggrrehs%g%w: Bﬁogtlaalaﬁgﬁ’aépn‘élsFﬂ@lgiﬁrrb‘@?l‘glf' é?%b%.“%‘@@b‘?ﬁ/%)?nportion
may be f.orned_ _appropriately on the substrate in a pixel section area

ot her FﬁgnSPﬁE er'ing and TFT portions. Thus, unevenness is fornmed on the
surf ace of the pixel electrode along the unevenness f ormed on the

surface of thESPRSALREI 49 Examplewnt chiro9Efert ke psevert Fmecydar a film
of which surface is plafiarized nay be used as the second interlayer
i nsul at FR§ 1eRipree2nevennieas isafornad jon pihef srdhaehatf tife pdxeathe pi xel
el ectrode is forned, a process such as well-known sandbl asting, etching or
t he |i kéleictradgelytfioymkes seeay faterilageeoinsnbathnyof Py etiictpecul ar
ref I exion, and thereby ref lected light is scattered, resulting in a
i ncr easég Woeirmed snidh uNexennafsd em friey e ddie tIraessr | nireidtaiar,
insulating f ilm 662, a third interlayer insulating film®672 is forned so
as 43 t ancomdeirn tooobaat nwWiltilghtthe cateerd g ber lgayand rsehalnnigd iddn 662.
the pixel electrode, a convex portion may be formed in the area
below the pixel electrode. In that case, since the convex
portion canbe formed using the same photomask as that for forming
the TFT, the convex portion can be formed without increasing
the number of steps. The convex portion may be formed
appropriately on the substrate in a pixel section area other
than the wiring and TFT portions. Tl_ms, unevenness is formed
on the surface of the pixel electrode along the unevenness formed
on the surface of the insulating film, which covers the convex.
Further, a film of which surface is planarized may be
( used as the second interlayer insulating film 662. In that
case, it is preferred that, after the pixel electrode is formed,
a process such as well-known sandblasting, etching or the like
is added to make the surface thereof uneven to prevent specular
reflexion, and thereby reflected light is scattered, resulting
in a increased white level.

Next, after forming the second interlayer insulating film

662, a third interlayer insulating film 672 is formed so as
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Then, in a drive circuit 686, wirings 663-667 that connect the respective
i mpurity areas with each other electrically, are fornmed. These wirings are
formed by neans of patterning a lamnated f ilmconprised of a Ti f ilm of
50nmin f ilmthickness and an alloy film(alloy filmof A and Ti) of
500nmin film thickness. O course, not limted to the double-Iayered
structure, a single-layered structure or a triple-layered structure may be

adopt ed erial, for the wirings, is not limted to Al and Ti.
For exaﬁﬁf%,gﬁ?h{ey%orﬁag%t MihFh &Ry 5?%8%&“}3%??@‘% nfsPtaimaddd™ilm in
which A_.ar Cuis f ormed on a TaNf ilm and further thereon, a Ti f ilm
Is f orﬁgg' (FIG 9). Further, in a pixel section 687, a pixel electrode
670, a gate wiring 669 and a connecting el ectrode 668 are formed. Ow ng
to the connectPff-dineR firdve Gogsuihessomicuings ¢ 63— (4 Avhahtdopmenft 633a and
633b) is formed with an electrical connection with the pixel TFT. Al so,
t he gat &R FPSe6E9 Vies impyrddy wineiasawidhe eachc sithesnedetdtarioniltlly t he gat e
el ectrode of the pixel TFT. Further, the pixel electrode 670 is forned
w t h ana&eeéprimedl. cBeeetwbnings hape diaimediriea ekt ofoft patpiexelinglFT; and
f urthernore, f ormed with an electrical connection with the island-Iike
seni condubIinHP61 Fhdm donpct s od ©fas TANE &1 ok Dohem i®onNs1n triitiickger 1ol di ng
capacity. As f or the pixel electrode 44 670, it is preferred to use a
mat er i alandueh atlayffibmcoapLogedilafofl aDra\y ®5) td¥e g GeRaneNt, a
| am nated filmthereof, |

thickness. Of course, not limited to the double-layered

structure, a single-layered structure or a triple-layered

Rt

- structure may be adopted. Also, the material for the wirings
is not limited to Al and Ti. For example, the wirings may be
formed by patterning a laminated film, in which Al or Cu is
formed on a TaN film, and further thereon, a Ti film is formed
(FIG. 9).

Further, in a pixel section 687, a pixel electrode 670,
a gate wiring 669 and a connecting electrode 668 are formed.
Owing to the connecting electrode 668, the source wiring
Cx (lamination of 633a and 633b) is formed with an electrical
connection with the pixel TFT. Also, the gate wiring 669 is
| formed with an electrical connection with the gate electrode
of the pixel TFT. Further, the pixel electrode 670 is formed
with an electrical connection with a drain area 658 of the pixel
TFT; and furthermore, formed with an electrical connection with
the island-like semiconductor 606 that functions asanelectrode

gonstituting a holding capacity. As for the pixel electrode
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and so on, which is superior in reflexivity. By carrying out the steps
descri bed above, a CMOS circuit conprised of an N-channel type TFT 681 and
a P-channel type TFT 682, a drive circuit 686 including an N-channel type
TFT 683, and a pixel section 687 including a pixel TFT 684 and a hol ding
capacity 685 are fornmed on the sane substrate. Thus, an active matrix
substrate is conpl eted. TheN-channel type TFT 681 of the drive circuit 686
i ncl ude : | farm rea 637, .the lLow density_Lhpurity area 636
(GD ardsf, FEAE RrerdrE Bl ffe P rtrtancth i al Seh IRt Heder 628a
constitutd part _of, the gate el ectrode, d a high density inpurity
ar ea 65%%[ ﬁgt gF u%gt?%ngh%smgﬂ PRRenty, &%m%%t%gﬁﬁ%r@rﬁ%-
P-channel type TFT 682 that constitutes the CMOS circuit being connected
with N-EREnFE Oy ¥RIFET 163 FURT 1oT dneiafd iy ncl udes a channel
formng area_640, the high density inpurity area 653 that functions as
the source ar 8% ?ﬁr]ﬁhje“%Pa’itnt]a‘?’@d:eé?ﬁjdﬁﬁériiﬁ’ﬁdﬁlbﬁyvm @aCHB88 cirguistuced
with an inpurity element inparting N-type and an inpurity elenent
i nparti FYMPILFSE oy @nh & chanmelt divarendIF R Gl afil &6 F3- dhaoinalestypehannel
formng area 643, the low density inpurity area 642 (GOLD area), which
over | apdT¥di 6R2a fidrxivecohdoolitvesé aymeléd0ag camN i clubnmgl atynas tTRF t he
gate electrode and a high density inpurity area 656 that functions as the
source 4#83ar eador pheedlr acataveasc8ThenpiluelindFd $84e 0f Thhes P4 X@da Secti on
I ncl udes a channel

holding capacity 685 are formed on the same substrate. Thus,

an active matrix substrate is completed.

=

The N-channel type TFT 681 of the d-rive circuit 686 includes

a channel forming area 637, the low density impurity area 636
{(GOLD area), which overlaps with a first electrical conducting
layer 628a constituting a part of the gate electrode,.and a
high density impurity area 652 that functions as the source
area or the drain area. The P-channel type TFT 682 that
constitutes the CMOS circuit being connected with N-channel
type TFT 681 via an electrode 666 includes a channel forming
(\ area 640, the high density impurity area 653 that functions
as the source area or the drain area and the impurity area 654
introduced with an impurity element imparting N-type and an
impurityelement impartingP-type. Further, theN-channel type
TFT 683 includes a channel forming area 643, the low density
impurity area 642 (GOLD area), which overlaps with a first
conductive layer 630a constituting a part of the gate electrode

and ahigh density impurity area 656 that functions as the source
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formng area 646, a |low density inpurity area 645(LDD area) that is forned
outside the gate electrode and a high density inpurity area 658 that
functions as the source area and the drain area. The island-Ilike

sem conductor that functions as an electrode of the holding capacity 6 8 5
is added with an inpurity elenent inparting N-type and an inpurity el enment
inparting P-type. The holding capacity 685 is conprised of an el ectrode
(lam nated | ayers of. 632a and 632b) using the insulating film 616 as the
di el ect €% 5%%:ﬁﬁﬂﬁPJQQ&?seni-conductor film In the pixel structure
according to the Exanple 1, the end portion of the pixel electrode is

di sposed to ovef Bh<ed (T £Rd ebdheepireilipeiblomdnalydespacdaidiaken t he
pi xel electrodes is shielded without using any black matrix. Exanple 2 In
Exanpl e EPTMLNE fdfedc o6 n@ Hetvh stensfity Arpumsitiy ared ot (G0 adiet) on

met hod according to the invention wll be described. First of all, as
shown i #bAtGis1Zarmgd endspheuthesgaiceonliectoodé ahd & shighordeedsidry an

i nsul ation surf ace, and then, the anorphous sem conductor filmis

subj ect dehpugr idy etreld 6 8 tihdtorfnrent il saings |itke santco kted airsd 60 and
6002. FIG 12G is a top viewof FIG 12A, and a sectional view along the

| i ne 46 dkairAares.F|l Ghe 124l adieNikasSseROBAniacEbE tA2B, fadc 8ldh HNoys

sem conductor film6003 is formed to cover the island-Iike sem conductors
6001 an&nfélctiédé 6£RIRI helaedyhripaditpsis ftigladdedwith an impurity
element imparting N-type and én impurity element imparting
P-type. The holding capacity 685 is comprised of an electrode
(Laminated layers of 632a and 632b) using the insulating film
616 as the dielectric and an island-like semiconductor film.

In the pixel structure according to the Example 1, the
end portion of the pixel electr_or;le is disposed to overlap with

the source wiring so that the space between the pixel electrodes

is shielded without using any black matrix.

Example 2
) In Example 2, a manufacturing method of a TFT using a
laser irradiation method according to the invention will be
described. |
First of all, as shown in FIG. 12A, an amorphous
semiconductor film is formed on an insulation surface, and then,
the amorphous semiconductor film is subjected to an etching
to form an island-like semiconductors 6001 and 6002. FIG. 12G

is a top view of FIG. 12A, and a sectional view along the line
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- sem conductor filmA to increase the crystallinit

e

before formng the film the filmis subjected to rinse with diluted
hydrofl uoric acid to renove oxide filmfromthe surface thereof , and then
t he anor phous sem conductor film 6003 is formed imediately. FIG 12His a
top view of FIG 12B, and a sectional view along the line A-A is FIG
12B. Next, as shown in FIG 12C, by subjecting the anorphous seni conductor
filme6003 to a patterning processing, a filme6004 of an island-Iike

sem con%u_c%or i HQ;A l%i ch _covers the is]and-like sem conductors 6001 and
6002, i$ f8rntd. FrG 181 TREL: (3 SHWW ofP LS - 138, A4 aosdhqwhal view

along the line AEA'V%}S Flg 12C. Then, .as shown in FIG 12D, a |aser beam
i s irradiAEE eSS toUPhel®i FRFBOB4 LEF cONET dhand-9liqned-1ike
FIG 12 is a top view

of FI G SEIBCORMRGF A9 Bhardhtds -al 6ﬁgiampéef¢ﬁ§eghhfat.ii@mad@at@1[y Next ,
as shown FIG 12E, the film 6004 of the [ _sI and-li ke sem conductor filmA,
whi ch h&&fesen fogaags &ie fidmysthel fhlnyis $ubiebiedtia tinse pettlerning to
forma film®6008 which will becone an island-1ike sem conductor filmB.
FI G 12Kilated hpdrofdunosicrRidd 125 enone axidet fbhmlfromethalsintEdde |ine A
- A is FIG 12E. Then, as shown FIG 12F, a TFT, which uses the film 6008
of i sl artdelriclod ,semd thadudtcoamdipinobs aemtibendakitve #Hiin ayes isifoimded.
Al though the follow ng particular preparation processes may vary depending
on the dowkidgurtaliyan FaG.t1ed T6Ta tbppiiay by Fidie1bsl, | 8GR €
carried out; '
view along the line A—A' is FIG. 12B.
Next, as shown in FIG. 12C, by subjecting the amorphous
semiconductor £ilm 6003 to a patterning processing, a film 6004
of an island-like semiconductor film A, which covers the
island-like semiconductors 6001 and 6002, is formed. FIG. 121
is a top view of FIG. 12C, and a sectional view along the line
A—A' is FIG. 12C. Then, as shown in FIG. 12D, a laser beam
is irradiated selectively to the film 6004 of the island-like
semiconductor £film A to increase the crystallinity. FIG. 12J
is a top view of FIG. 12D, and a sectional view along the line
2 A—A' is FIG. 12D.
Next, as shown FIG. 12E, the £film 6004 of the island-like
semiconductorfilmA,whichhasbeenincreasedincrystallinity,
is subjected to a patterning to form a film 6008 which will
become an island-like semiconductor film B. FIG. 12K is a top
view of FIG. 12E, and a sectional view along the line A—A°

is FIG 12E. Then, as shown FIG. 12F, a TFT, which uses the

film 6008 of island-like semiconductor f£ilm B as the active
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i.e., a step in which a gate insulating film®6009 is formed so as to cone
in contact with the film6008 of island-like sem conductor filmB; a step
in which a gate electrode 6010 is f ornmed on the gate insulating f ilm a
step in which inpurity areas 6011 and 6012 and channel form ng area 6013
are formed in the island 6008; a step in which an Interlayer insulating
film®6014 that covers the gate insulating film®6009, gate electrode 6010
and t heji d 08; step.in which wri 6015 and 6016 .that are
connect é‘c??v?n%tﬂ!h t%e ;fr?p%ﬁ%dtay argja'éﬂgb‘?ﬁkf 5\#& 6%%§lé’?”é'“fgor ReF WHir i Ater | ayer
i nsul at %Qgpf irla'P'%Qer FLG 12L is a tog view of FIG 12F, and a sectional
vi ew al BRGTERE P nBTACRSSEE B VAl deprDdimg R ddie SomfdevEatdom filmin
t he inpu%ikéFa&ﬁgs 6011 and 6012 is adapted so as to be thicker than the
t hi ckne§s sEXPAGARdIT ot Fohliovidsh Sters Gue sgraissl ®WL3. Since
the sheet resistant of the inpurity area can be reduced, it 1is preferred
t o obt afn®sat PsFEEPoR] WRARY &t gatechasadedring ifddm BOlis FoEwmbl e 3
i ncludes a process for crystallizing a sem conductor using a catalyst.
Only t h&%p&Sntte W(emeh dins et fwitlenthér Hinlnh60B8aml d.s2and-11i kee
descri bed. Whenacatalyst elenment is used, it is preferred to use the
- t echni qEeBicapdglrtoyr £idins®:0sed tiep lapahdsh Bakente kliedtOpae N@.107- 130652
and in Japanese Patent Laid-Qpen No. 8-78329.

is formed on the gate insulating film; a step in which impurity

areas 6011 and 6012 and channel forming area 6013 are formed
in the island 6008; a step in which an interlayer insulating
film 6014 that covers the gate insulating film 6009, gate
electrode 6010 and the island 6008;: and a step in which wirings
6015 and 6016 that are connected with the impurity areas 6011
and 6012 are formed on interlayer insulating film 6014. FIG.
12L is a top view of FIG. 12F, and a sectional view along the
line A-A' is FIG. 12F,
The thickness semiconductor film in the impurity areas
6011 and 6012 is adapted so as to be thicker than the thickness
(,\ of the semiconductor £ilm in channel forming area 6013. Since
the sheet resistant of the impurity area can be reduced, it
is preferred to obtain satisfactory transistor

characteristics.
Example 3

BExample 3 includes a process for crystallizing a

semiconductor using a catalyst. Only the point, which is
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Af ter f orm ng the anorphous sem conductor f ilmusing Ni., the sane is
subjected to a solid-phase crystallization (hereinafter, the
crystallization.nethod will be referred to as N SPC). For exanple, when
the techni que disclosed in Japanese Patent Laid-Qpen No. 7-130652, the
anor phous sem conductor f ilmis applied with solution of nickel acetate
salt containing N ckel of 10ppmin weight conversion to form a Ni ckel

- cont ai R I r f ehydro ation ocessing for one hour at
5000C. EheterdXterdlfnd Blmiidy LRI oeRerRREEr orvieh o Seh iy ok

500- 650Q¢.. f or, le, for. 8 hqurs at 550QC, to crystallize the sane. As
f or app%g%aﬁﬁé: Eégfn%?'gsﬁ%llegrrgﬁte, Srreudert 18f the Neikuiques ., W enent
such as Gehmani um glnGs%lPt]l ron (Feap, Pal | adium (Pd), Tin (Sn), lead (Pb),
Cobal t PES) AL5FAPER PPaggssePatemt 1gdidt Qpan M- 1HS 065 am be
used. The process of applying the solution of nickel acetate salt and the
heat tré&8t ﬁ@ﬁ?nﬁépPﬁ’&?nﬁel@d—ﬁrp@@%ﬁp-afﬁtﬂrﬁiﬂ% i sl and- i ke semi conduct or
filmA has been forned. By nmeans of |aser irradiation nethod according to
the inventioff teRE g thenamgrphonh e dnsl aomitiv ¢ ker Sadincoatugtir, film A,
whi ch has been crystallized in a manner of Ni SPC, is 49 further increased.
Si nce t kBeposgwe ysiml lsivbd esdmidcohducd orsoldlt-gitieatk by riyeang 1afzdtasar beam
irradiation contains a catalyst elenent, a process (gettering) to renove
t he cat dhpreichément, theoaryheallyshalibnniesroacenluci®rdidipdd® tcarried
out after

as NiSPC). For example, when the technique disclosed in

Japanese Patent Laid-Open No. 7-130652, the amorphous

—

semiconductor film is applied with solution of nickel acetate
salt containing Nickel of 10ppm in weight conversion to form
a Nickel-containing layer, and after dehydrogenation
processing for one hour at 500°C, the same is subjected to a
heat treatment for 4-12 hours at 500-650°C; for example, for
8 hours at 5502C, to crystallize the same. As for applicable
'catalyst element, in addition to Nickel (Ni), an element such
as Germanium (Ge), iron (Fe), Palladium (P4d), Tin (Sn), lead
Ty

'(;f (Pb), Cobalt (Co), platinum (Pt), copper (Cu), gold (Au) or
the like may_be used.

The process of applying the solution of nickel acetate
salt and the heat treatment step may be carried out after the
island-like semiconductor film A has been formed.

Bylmeans of laser irradiation method according to the
invention, the crystallinity of the island—like semiconductor

£film A, which has been crystallized in a manner of NiSPC, is
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the laser crystallization. As for the gettering, the techniques disclosed
I n Japanese Patent Laid-Open No. 10-135468, Japanese Patent Lai d-Open No.
10-135469 or the like are applicable. In particular, to a part of the

pol ycrystalline sem conductor, which is obtained after |aser irradiation,
phosphorous is added and is subjected to a heat treatnent in a nitrogen
at nosphere for 5-24 at a tenperature of 550-8000C, for exanple, for 12

hours at,a+hL,eq8 r f 6 SC. en | yi t.he inventio it is
preferred that, %?%g?ﬁgghingg K& pﬁo?ﬁ%@%ﬁ%@ %ﬁﬂ?:ﬁﬁﬂ%ﬁﬂﬂhﬂﬁ?%rarea

ot her tpg@ LEI -k{ke gfg}cond ctor_fil€1B .which will becone the active
| ayer of - FhHe MEHYOF HARRE PPRE TR LbmbheR sontaimsae qatd s
treatneng is carried out. CMh%? to this, the area added with the
phosphoPofiEeRl - RHREPOTSE rEaEsTing kA csRQue: hekatakiesth edamant ng site,
t he pho;ghorous resides in the polycrystalline sem conductor can be

segr egat &8™ kRener¥Fkalldneqsominopducspssfhdmois. caomried awt @fiterit is
possible to obtain the island-1ike sem conductor, in which the density of
cat al ysthelafgitcrys tablinahhen . ardafoofthehge THIrhag, bbertecdguicetkd 0 | ess
than 1X103-7 atons /CMB, preferably, to approxi mately |X1016 atons /CMB.
50 ExanplécdoprdBadpipeng seaPatenttliaiol-cipen Fel, Lovizhiss, fJepnebaisi ng  a
| aser irradiation nethod according to the invention, will be described.
Patent Laid-Open No. 10-135469 or the like are applicable.

In particulaﬁ, to a part of the polycrystalline
semiconductor, which is obtained after laser irradiation,
phosphorous is added and is subjected to a heat treatment in
a nitrogen atmosphere for 5-24 at a temperature of 550-800°C;
for example, for 12 hours at a temperature of 600°C. When
applying the invention, it is preferred that, after adding the
phosphorous to the semiconductor area other than island-like
semiconductor film B, which will become the active layer of

the TFT in the island-like semiconductor film A, the heat

treatment is carried out.

-~
(45 Owing to this, the area added with the phosphorous in

the polycrystalline semicgnductor acts as a gettering site,
the phosphorous resides in the polycrystalline semiconductor
can be segregated in the area added withr,the phosphorous. Owing
tothis,itispossibletoobtaintheisland—likésemiconductor,
in which the density of catalyst element in the channel area
of the TFT has been reduced to less than 1x107atoms/cm’,

preferably, to approximately 1x10'°atoms/cm’.
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A TFT shown in FIG 13A includes a channel formng area 7001, first
inpurity areas 7002 sandw chi ng the channel formng area 7001
t her ebet ween, and an active |ayer including second inpurity areas 7003
sandwi ched between the first inpurity areas 7002 and the channel form ng
area 7001. And further, a gate insulating film 7004 abutting to the active
| ayer and a gate electrode 7005 forned on the gate insulating filmare
included in the TFT. Side walls 7006 are formed so as to abut to the side
faces of the gate electrode. The side walls 7006 overlap with the second
i mpurity.ar S 4003 being interposed with the gate insulating film 7004,
and th be conductive or insulative. Wien 'the side walls 7006
are conductiv he sigq%na be used as the_gate el ectrodes including the
S

side wall's 7008 &ﬁaﬁ‘ﬁ ofhSFRueFBre 198 3 RET wddsich dfafipenefgisding area
7101, firﬁf iq?urit areas 7102 sandwi ching the channel formng area 7101
and an &ctidf® a‘rﬁrayqlrﬂﬂm ML RRDRFEFIFAFT Y ytaridws 1rveet sandwiithed
between the first inpurity areas 7102 and the channel form ng area 7101.
And fur Pfeesergdrad i nsulating film 7104 abutting to the active |ayer and
a gate el ectrode conprised 51 of double-layered conductive filnms 7105 and
7106 bui | t - up2oBFTt fleowat tn iHd dt3Andgnbilludear & EhahndidfoShiieg vtds 7107 is
formed so as to abut to the upper surface of the conductive film 7105 and
to the &i0de .sEiifatdsmiritteareadutidy sahiirinckiag. tihenahde1Wwddsind 07 may
be conductive or insulative. ‘ ,
area 7001 therebetween, and an active layer including second
impurity areas 7003 sandwiched between the first impuritiy areas
7002 and the channel forming area 7001. And further, a gate
insulating film 7004 abutting to the active layer and a gate
electrode 7005 formed on the gate insulating £film are included
in the TFT. Side walls 7006 are formed so as to abut to the
side faces of the gate electrode.
The sidewalls 7006 overlap with the second impurity areas
7003 being interposed with the gate insulating £ilm 7004, and
the same may be conductive or insulative. When the side walls
( 7006 are conductive, the same may be used as the gate electrodes
including the side walls 7006.
A TFT shown in FIG. 13B includes a channel forming area
7101, first impurity areas 7102 sandwiching the channel forming
area 7101, and an active layer including second impurity areas
7103 sandwiched between the first impurity areas 7102 and the

channel forming area 7101. And further, a gate insulating £ilm

7104 abutting to the active layer and a gate electrode comprised
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When the side walls 7107 are conductive, the same may be used as the gate
el ectrodes including the side walls 7106. A TFT shown in FIG 13C incl udes
a channel formng area 7201, first inpurityareas 7202 sandw ching the
channel formng area 7201, and an active layer including second inpurity
areas 7203 fornmed between the first inpurityareas 7202 and the channel
formng area 7201. And further, a gate insulating film 7204 abutting to

the actigse gdod¥ile- et ige Sl 205 o bge~ a%f insujating film a
conductive fiIn17%%%géover|né%fﬁéﬂg%%é&mSSEF c@ngn 9% %ﬁfkf%&ﬁ?bces of
the condygtive, til 5 ;gg_ si de | 1s 7207 .abutting_ to the side surfaces
of the cond‘%cﬁaveSﬂ;l'lgl%(f:fﬁm;;I LPES L OCTEE eI The SEERNFHLSVEL 9T EMERMRdNd t he
conduct iye gi%n1ﬂ;06 funﬁtion as the gate electrode. The side walls 7207
may be EondGctP VAPEY HohiAraUPRET SUfHACe If $heeConrinst ¥ye7t e Bdluct i ve,
t he sane Y be used ~as the gate el ectrodes including the side walls 7207.
The Exafi%e ™™ HdP 5 rsird@c®s afn tdenisionduaiive thilany10ne of Exanpl es
1-3. As described above, according to the invention, it is 52 possible to
provi de a nandf&ct SifAgvadlRodl67 meNi bendwodmctideyioge inshilat i capabl e
of f ormng |large crystal grains successively by neans of artif icially
cont r ol W&@siper sideeval 1s gkt mrer esulduiatg vien ahei sameased salhsidat e
processing efficiency in the laser crystallization process, and which,
unl i ke. &scdiree geitenalleSitIvdtesod nalee ngy Hhwlsa deasen g radisaat i on
A TFT shown in FIG. 13C includes a channel forming area
7201,firstimpurityareas7202sandwichingthechannelforming
area 7201, and an active layer including second impurity areas
7203formedbetweenthefirstimpurityareas7202andthechannel
forming area 7201. And further, a gate insulating film 7204
abutting to the active layer, a conductive f£ilm 7205 on the
gate insulating £ilm, a conductive £ilm 7206 covering the upper
surface and the side surfaces of the conductive film 7205 and
side walls 7207 abutting to the side surfaces of the conductive
£film 7206 are formed. The conductive film 7205 and the
)3 . .
(w} conductive f£ilm 7206 Ffunction as the gate electrode.
The side walls 7207 may be conductive or insulative.
When the side walls 7207 are conductive, the same may be used
as the gate electrodes including the side walls 7207.

The Example 4 may be carried out in combination with any

one of Examples 1-3.

As described above, according to the invention, it is
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met hod wi thout requiring a special optical system 53 WHAT IS CLAIMED | S:

1. A manufacturing nmethod of a sem conductor device conprising: formng an
anor phous sem conductor filmover a substrate; patterning the anorphous
sem conductor filmto forma plurality of island-lIike sem conductor |ayers
and a marker, each of the plurality of island-like sem conductor |ayers

i ncluding an area to becone an active layer of a thin filmtransistor; and
i rradiaty it |ural ity of | sl - |, sen conductor | ayers. with a | aser
beam o s o PRy telle, Wl oA S e i S
scannin srection. e | aser. bea ot .is parallel to a direction of a
carrier glgglg%dha‘ﬂnﬁe&f %rgmcr?&’q’%e]g? o?upi %potrﬁﬂ‘nt%i ¥9¢ nFrYShetstBraingd

wher ei n AN evoﬁrt*')on of thg | aser beam spot does not overlap with the
plurality of 1sland- ¥ REAEHPE Mt ria e contyolied sapasdatea? Hing to
claim1, wherein_the | aser beam spot is produced by using a solid-state

| aser oSEM Avor TESUATARGht 18ouRR e. INCHeRS Rt HtP Hitateli R aaeas faian 1,
wherein the |l aser beam spot uses one or a plurality of |ight sources

sel ect e§FAGHEROYAGY db6r 1gsem cawetald iveddmaarocessti drat ovhich YLF | aser
oscillator, a YA103 |aser oscillator, a glass |aser oscillator, a ruby

| aser od@iftkgdpeonuanbierah@liSne tzedr usssid $ mumte las@ic irrsaliptiden | aser
oscillator, a forsterite 1laser oscillator or an Nd : YLF |aser oscillator.
4. The methed wi&boditngeguicliaigmal spshdredi pptiedlassistdeaam spot is a
second harnonic, a third harnmonic, or a fourth harnmonic. 5. A manufacturing
nmet hod of a sem conductor device conprising: formng an anor phous

sem conductor filmover a substrate; patterning the anorphous sem conductor
{fizl mto forma plurality of island-Ilike
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sem conductor | ayers and a marker, each of the plurality of island-Iike
sem conductor layers including an area to becone an active layer of a thin
filmtransistor; irradiating a first plurality of island-1ike sem conductor
| ayers included in a signal line drive circuit with a |aser beam spot by
using the marker as a positional reference; 54 turning the substrate by
90; irradiating a second plurality of island-Iike sem conductor |ayers
included in a scan line drive circuit with the | aser beam spot by using
the marker as a positional reference, wherein a scanning direction of the
| aser beam spot is parallel to a direction.of a carrier of each of a
channel formng region in the thin filmtransistor, and wherein an edge
portion of the |aser beam spot does not overlap with the plurality of

i sl and- | WRA&Tséhi EbAdUBPorSkayers. 6. The net hod according to claimb5,

wherein the Iaser be@[ﬁnﬁ]ﬁlﬁhcﬂlﬁ%g R G2 sbmlddﬁalnﬂoﬁie%&k 'céimﬁhﬁﬁg laser
oscil | at or rr?ll ht sour nmet hod accor qlﬁr}x?tocal 5, wherein
bea

the | aser g q}g@gorpgwg SSF“%P“%F’EFP&M“B Qvesr subyrEc;sour ces sel ected from
a YAG | aser ospitidraingithe andfgt¥ud staticondaswor kila e fornfa iﬂulr‘alit@%ﬂslmqu:I ator, a

YALQB | a Ias | aser cil.l at.or aser C|Ilator
an al ex a%%ﬁlcg ﬁ&* a%g%€65%C| ?er & Ofﬁjféﬂbrﬁfl?yedfl “g}@ﬁ{f lf%g (§f"F‘f°§P$‘f¢
f or st er i lavers indlading gu jatdago bccomme amadildte layet 6f 4 thefilnorandistat and 8. The met hod

according to chajiMie tﬂ@?ftﬁﬂﬁgt&ﬁsﬂﬁfﬁ% Q%Hi%l?(ﬂlgor l%re% with Oﬁg‘%f@?&;gni ¢

third harmonic, or a“fou r moni acturing
sem condSeatdW Uing themadiohas 3 pegitional grfeicaes, an amor phous seni conductor film

over a subst ramerenﬂ &@mﬂin@gilfebﬁo@@ﬁ@hﬁéﬁbmm@ﬂ&ﬁm t bldRebiorf & M a
plurality o and- | kfe
camer of & Chiannel orming region in the thin film transistor, and
wherein an edge portion of the laser beam spot does not overlap with the
plurality of island-like semiconductor layers.

| 2. " . The method according to claim 1, wherein the laser beam spot is
produced by using a solid-state laser oscillator as a light source.

3. The method according to claim 1, wherein the laser beam spot uses
one or a plurality of light sources selected from a YAG laser oscillator, a YVO, laser
oscillator, a YLF laser oscillator, a YA1O; laser oscillator, a glass laser oscillator, a ruby
laser oscillator, an alexandrite laser oscillator, a Ti : sapphire laser oscillator, a forsterite
laser oscillator or an Nd : YLF laser oscillator. |

4. The method according to claim 1, wherein the laser beam spot is a
second harmonic, a third harmonic, or a fourth harmonic.

5. A manufacturing method of a semiconductor device comprising;

forming an amorphous semiconductor film over a substrate;

patterning the amorphous semiconductor film to form a plurality of island-like
semiconductor layers and a marker, each of the plurality of island-like semiconductor
layers including an area to become an active layer of a thin film transistor;

irradiating a first plurality of island-like semiconductor layers included in a

signal line drive circuit with a laser beam spot by using the marker as a positional
reference;
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sem conductor | ayers and a marker, each of the plurality of island-Iike
sem conductor layers including an area to becone an active layer of a thin
filmtransistor, and each of the active |ayer having a plurality of

channel formng regions; and irradiating the plurality of island-Iike

sem conductor |ayers with a | aser beam spot by using the marker as a
positional reference, wherein a scanning direction of the | aser beam spot

is parallel to,a .directian,of _carrier of a channel formng region in the
thin fil mtrang’inélfl%hcs\ﬂhsg‘faé%?%e plurality of channel forming regions are

paral | el each btadetipgarsscondhguelity efhiskdddikp semicondwfiortlagers aschrdeidmm spot
does ot sQUSHAARIW Licdil i RhU &L blarlsph bl e AERLCANGSLRE) oY

ers.
10. The nmethod accordi ng el aser beam 'S 55
producedrd§renes.ng a solid-state |aser oscillator as a light source. it. The

nmet hod accor di a9 .1 ' BSE{ or a
plurality of I ?ﬁﬁ%&sﬁﬁcﬁg& 8;1 g}é@?{nﬁ%ﬂ? IF %ella YAGSl‘%aggs?ﬁrﬁ%%?: it(f?g?g?t@?fwo&l

laser oé&&niricnphgach of g channgkformingapgipn ipthe thin filmtemsiswsandosci | | ator, a
gl ass | aser oswhédet 8 edge HuRion SPERN 128G ChdabPbdt, dRD ik Vel Wi {maser
oscillator, a Th. a&llﬁc%hl re |@S?I‘ oscillator, a forsterite Taser

osci | | at Bf“f%}}yaﬁisﬁa kg spmpcgadyctrdayes-at or . 12. The net hod according to
claim9, wherein the | aser beamspot is a second harnonic, a third
harmonic, or agfourt hI‘ltl]eaﬁmj‘lﬂ)'dcaccgl%ing to claim 5, wherein the laser beam spot is

produced by using a solid-state laser oscillator as a light source.

7. The method according to claim 5, wherein the laser beam spot uses
one or a plurality of light sources selected from a YAG laser oscillator, a YVOy laser
oscillator, a YLF laser oscillator, a YALOs laser oscillator, a glass laser oscillator, a ruby
laser oscillator, an alexandrite laser oscillator, a Ti : sapphire laser oscillator, a forsterite
laser oscillator or an Nd : YLF laser oscillator.

8. . The method according to claim 5, wherein the laser beam spot is a
second harmonic, a third harmonic, or a fourth harmonic.

9. A manufacturing method of a semiconductor device comprising:

forming an amorphous semiconductor film over a substrate;

patterning the amorphous semiconductor film to form a plurality of island-like
semiconductor layers and a marker, cach of the plurality of island-like semiconductor
layers including an area to become an active layer of a thin film transistor, and each of
the active layer having a plurality of channel forming regions; and

irradiating the plurality of island-like semiconductor layers with a laser beam
spot by using the marker as a positional reference,

wherein a scanning direction of the laser beam spot is parallel to a direction of
a carrier of a channel forming region in the thin film transistor,

wherein the plurality of channel forming regions are parallel each other, and

wherein an edge portion of the laser beam spot does not overlap with the
plurality of island-like semiconductor layers.

10. The method according to claim 9, wherein the laser beam spot is
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produced by using a solid-state laser oscillator as a light source.

11. The method according to claim 9, wherein the laser beam spot uses
one or a plurality of light sources selected from a YAG laser oscillator, a YVOy laser
oscillator, a YLF laser oscillator, a YAIQ; laser oscillator, a glass laser oscillator, a ruby
laser oscillator, an alexandrite laser oscillator, a Ti : sapphire laser oscillator, a forsterite
laser oscillator or an Nd : YLF laser oscillator.

12. The method according to claim 9, wherein the laser beam spot is a
second harmonic, a third harmonic, or a fourth harmonic.
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