LASER | RRADI ATI ON METHOD, LASER | RRADI ATI ON APPARATUS, AND METHOD OF
MANUFACTURI NG A SEM CONDUCTOR DEVI CE BACKGROUND COF THE | NVENTION 5 1.
Field of the Invention The present invention relates to a laser irradiation
met hod and a |aser irradiation apparatus for using the nmethod (apparatus
including a laser and an optical systemfor guiding |aser light emtted
fromthe Iaser to an om:t to be irradiated). In addition, the present
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crystal display device or a light emtting device and an el ectronic device
whi ch includes the electro-optical device as a part. 15 2. Description of

the Related Art In recent BAGSKSRGUNDIOBSTHHINMENIGEN nede on a techni que
in which |aser annealing is performed for a sem conductor filmformed on

an i nsul ali higlé obghe laventiomde of glass or the like, to crystallize the
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but a recta or a prolate ellipsoid shape) having a high aspect 30
rati o. Fow mlgleiemthc elegirosnpdcahdetiapes hgpartng an aspect ratio of 10 or
more 1 (preferably, 100 to 10000). Note that the linear shape is used to
obt ai n an energy

156 2. Description of the Related Art

In recent years, a wide study has been made on a technique in which laser
annealing is performed for a semiconductor film formed on an insulating substrate
made of glass or the like, to crystallize the film, to improve its crystallinity so that a
crystalline semiconductor film is obtained, or to activate an impurity element.

20 Note that a crystalline semiconductor film in this specification indicates a
semiconductor film in which a crystallized region is present, and also includes a
semicondctor film which is crystallized as a whole.

A method of forming pulse laser light from an excimer laser or the like by an
optical system such that it becomes a square spot of several cm or a linear shape of

25 100 mm or more in length on a surface to be irradiated, and scanning the laser light
(or relatively shifting an irradiation position of the laser light with respect to the
surface to be irradiated) to conduct annealing is superior in mass productivity and is
excellent in technology. The “linear shape” described here means not a “line” in
the strict sense but a rectangle (or a prolate ellipsoid shape) having a high aspect

30 ratio. For example, it indicates a shape having an aspect ratio of 10 or more




density required for sufficiently annealing an object to be irradiated.
Thus, if sufficient annealing is conducted for the object to be
irradiated, it may be a rectangular shape or a sheet shape. Under the
present conditions, an exciner laser 5 of 15 J/pulse is on the market. In
the future, there is also a possibility that annealing with sheet shaped
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“inserted iantraveling dieeaforathenpifitoeh cyUadfaal lthegrbup (hereinafter referred to as a

- cylindrical lens array) 103, thereby determining a length of linear laser light in a
longitudinal direction. The direction is called a first direction in this specification.
It is assumed that, when a mirror is inserted in a course of an optical system, the

20 first direction is changed in accordance with a direction of light bent by the mirror.
In the configuration shown in the top view of FIG. 7A, the cylindrical lens array is
divided into seven parts. Then, the laser lights are synthesized on a surface to be
irradiated 109 by a cylindrical lens 105, thereby homogenizing an energy density
distribution of the linear laser light in the longitudinal direction.

25 Next, the configuration shown in the cross sectional view of FIG. 7B will be
described.  Laser light emitted from a laser 101 is divided in a direction
perpendicular to a traveling direction thereof and the first direction by cylindrical
lens arrays 102a and 102b, thereby determining a length of linear laser light in a

width direction. The direction is called a second direction in this specification. It

30 is assumed that, when a mirror is inserted in a course of an optical system, the
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second direction is changed in accordance with ‘a direction of |[ight bent by
the mrror. In the cross sectional view of FIG 713, the cylindrical |ens
arrays 102a and 102b each are divided into four parts. The divided |aser
lights are tenporarily synthesized by a cylindrical lens 104. After that,
the laser lights are reflected by a 5 mrror 107 and then condensed by a

doubl et c¥l i ndri,cal. .l ens itgg sp.that they becone _again single. laser |ight
on the suPfRud degion 15 changed; in qycordaace ovith et diregiiom@fi ight benisbyaBei s a

I f ' ' T. d it
i otrour ooy TR s PR vieSERERIG g R BRFER o Srevh R end zea

For exanplle2b asackxat ndikideds ftoi Jabd. 2 THeZ8ivi | ' agra X
10 30 mm (whi ch each arle'a ha?f@\l/lvi taﬁtlgi nTgfgaﬁl]‘/lpl)c;bg?ll%sgfq{ggﬂuggegwa%ﬁ?%gﬂ%ser
101 and PyBesikedhy o eylpndsibat densbhO4 heAfipt thag) the Yadee Highes iredrcflBeted by a
configurati.on Zﬂ@y\n iin. FIGs. 7A and 713. Then, |inear laser |ight which
has a uhi FBHRF eltr g9ddisu; eqndeased ybat deblaheyhindiieal ns1D08 sm shao.theym
can be obtal : . be, irradiated 109. 1 this t.i

when, - or "SR @i MeRUHBF fiehf ofSihe ik dh Hruireidiared Blo-( nbe Hprbles
system heglindrici 36is 168 &ea IehsAmpRed. of NRloSe ki P frsBY | Shed R

conducted for the optical system such that transmttance ofTBg{”/o or m)éé IS

obt ai ned density disledmsionyofdhe lineatkeer ligdtiimarwidibs direciIbeis héheediipaar | aser
i ght forned b% t he ab&;e configuration is irradiated 20 w t%‘ an overl ap
state while befREC¥IHBIEaEMEXSHRER ager i whighaa pizdiipaclksonwintdeveof 10 nitus,

wh I ' ' f d far.t tir. f h
sen conduct oF eﬁ%@ﬂt@hﬁaﬁ%raﬁh%‘iﬁ-gv@ﬁmEﬁaﬁ?&r‘gfﬁf@)ﬁ‘éhs%é%s&éeﬂ?ﬁ%pfﬁclii,
conduct or f 11"t i hrised s .‘

o an oy el e of (e ! ByfeBL YRy e RScaRRSANOH Wil sl

used for uf 48t and . a Feeni, clomeu dasur devi ¢didls habel agifbAs'&RseH ARy and
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the case MiErRutOLARY 4| 5igg obfl25emine en@dcmor cae biccadaimedtommshd sl tocby st al
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as conpared wth, for exanple, the case where TFTs for a pixel portion and
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optical system, high transmittance is obtained. Note that coating is preferably
conducted for the optical system such that transmittance of 99% or more is obtained
at a frequency of the used excimer laser.
Then, the linear laser light formed by the above configuration is irradiated

20 with an overlap state while being gradually shifted in a width direction thereof.
Thus, when laser annealing is performed for the entire surface of an amorphous
semiconductor film, the amorphous semiconductor film can be crystallized,
crystallinity can be improved to obtain a crystalline semiconductor film, or an
impurity element can be activated.

25 Also, an area of a substrate used for manufacturing a semiconductor device is
being increased more and more. This is because high throughput and a low cost
can be realized in the case where a plurality of semiconductor devices such as liquid
crystal display device panels are manufactured from a single large area substrate as

compared with, for example, the case where TFTs for a pixel portion and driver

30 circuits (source driver portion and gate driver portion) are formed on a single glass
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3 substrate, thereby manufacturing a single sem conductor device such as a
liquid crystal display device panel (FIG 9). At the present tinme, for
exanple, a substrate of 600 mmx 720 mm a circular substrate of 12 inches
(about 300 mMmin dianeter), etc. are used as the |large area substrate.
Further, it is expected that a substrate in 5 which a |length of one side
exceeds 1000 mmw. Il be alsqg used in future. In end portions of I|inear,
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anneal i ngid &IkANdtnugol $idlgnd aser 1ight having the attenuation regions,
uni form anneal i ng cannot be conducted for an object to be irradiated (FIG

813). In additiAdso, withrinefease anagakéef b SubSrde ah8thnbyu®uiet Aqds@5idfoer
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in end portions of laser light emitted from an oscillating laser is lower than that in a
substantially central region thereof. Thus, when an area of the laser light is
expanded to be equal to or larger than an area up to now by the optical system, the
attenuation regions tend to be increasingly noticeable.

20 In the attenuation regions of laser light, the energy density is iﬁsufficient as
compared with a region having high homogencity of an energy density and is
gradually attenuated. Thus, when annealing is conducted using laser light having
the attenuation regions, uniform annealing cannot be conducted for an object to be
irradiated (FIG. 8B). In addition, even when annealing is conducted by a method

25 of performing scanning with attenuation region overlapping of the laser light, the
annealiqg condition is distinctly different from that for the region having the high
homogeneity of the energy density. Thus, uniform annealing cannot be still
conducted for the object to be irradiated. Therefore, the same treatment cannot be

conducted for a region of the object annealed by the attenuation regions of the laser

30 light and another region of the object annealed by the region of the laser light
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30 light and anot her region of the object anneal ed by the region of the
| aser |ight having the high honbgeneity of the energy density. For
exanpl e, when the object to be irradiated is a sem conductor film
crystallinity of a region of the film anneal ed by the attenuation regions
of the laser light is different fromthat of another region of the film
anneal ed gly the region of 5 the |aser |ight having the high honogeneity of
the energ aﬁ%ﬁhpsnghhegl,ogév@w of\fererergs demsétymanuf act ured from such a
sem conduct or fy | | ectrjcal , characteristjcs.of TFTs manufactured from
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adi ati on nethod using_such a |laser irradiation 20 apparatus and a nethod of
manuf act uCRWYNG 2 Epileint of 10T eni the, sawt subsimtd. udkstually stiepe ¢oatmegonsli ng

to the, laser, irradiatio d. According to the present invention, as
shown i“lh Pich a FAse whees @éﬁnﬁgﬁg e agpiaddam thegrglonmel the dilnapnyealed

attenuati o] ki 1 QNS¢ I r. 1ight parallel .tgo a shift
directi onB? htglr%e% Avd EBPE%%% gfr ?!frlee u?cra P%‘Eitﬁgprggg?‘?ta YRiEPBdUGRT F%E‘CfS
| medi at e Thios) this becimes  BdiGCRIridRcRRAsidy BEInahat: 99 usBAE P! FERUBSREQY
density distribution is obtained in the end portions of the Taser Iight as

shown in Heebpreducingpthresgiputnhy the slit is located in the i mediate
vicinity of the surface to be irradiated is to suppress the spread of the
| aser light. Thus, the slit is closed to a substrate within a perm ssible

range of an apparatus (typi gaMMAMIGETHE SVENON

Therefore, an object of the present invention is to provide a laser irradiation

apparatus capable of removing attenuation regions in end portions of laser light to
conduct annealing at high efficiency. In addition, an object of the present
invention is to provide a laser irradiation method using such a laser irradiation

20 apparatus and a method of manufacturing a semiconductor device, which includes a
step corresponding to the laser irradiation method.

According to the present invention, as shown in FIG. 1A, attenuation regions
of laser light, particularly, attenuation regions in portions of the laser light parallel
to a shift direction thereof are removed or reduced using a slit located in the

25 immediate vicinity of a surface to be irradiated so that a steep energy density
distribution is obtained in the end portions of the laser light as shown in FIG. 2A.
The reason why the slit is located in the immediate vicinity of the surface to be
irradiated is to suppress the spread of the laser light. Thus, the slit is closed to a

- substrate within a permissible range of an apparatus (typically, wit'hin 1 cm). The

30 slit. may be located in contact with the surface to be irradiated. Further, according
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30 slit may be located in contact with the surface to be irradiated.
Further, according 5 to the present invention, the attenuation regions of
the laser light are folded by using a mrror as shown in FIG 1B to

i ncrease energy densities in the attenuation regions and to reduce areas
of the attenuation regions so that a steep energy density distribution is
obtained in the end portions of the laser light. 5 |If steep attenuation
regi ons art@ tHPISHEJNYANtoR thaattpurationrsgivhs bfi ¢hd hser lightght foldedibyiwgihar | v,

in portions of the.lasec Light parallel to a shift direction thereof, the
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i rradi ati distebpdorivsbidired inskdehd pbhichs cERBS idsb£AEAON, the |aser
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for con¥ertinglhsierp giteomsiqgyregéors ary obtiained huthecandofortiane of khahkelphi ed
fromthe |aser . on a. surface to be irradjated _into a second energy density
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be irradi shedeagithdubted forshe HBRRS 10 NeSips i Rgf; r of
the | aser | rrgdi ation apgar gt us é??gl lgrsaggﬁ%ﬂ%?%?gﬁé%gg?ﬁ%gﬁgg%,ﬁ%iﬁ%aser
irradiati @@p%ﬁ}-at us is characterized by conprising: a |laser; first neans

for changing a sect‘%.onal shape of laser light emtted 20 fromthe |aser
into a'tirst shdFT4HE; o AdfitEcaIret ok @ laseyyirragiatian appatatusadisatasdd ianthis
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MEE Y e R R
t he provided between the surface to be irradiated and the first means.

Also, according to another structure of the laser irradiation apparatus
disclosed in this specification, the laser irradiation apparatus is characterized by
comprising: a laser; first means for changing a sectional shape of laser light emitted

20 from the laser into a first shape to irradiate it to a surface to be irradiated; and
second means for homogenizing an energy density in an end portion of the laser
light which is changed into the first shape, in which the second means is provided
between the optical system and the surface to be irradiated. '

Also, according to a structure of a laser irradiation method disclosed in this

25 specification, the laser irradiation method is characterized by comprising:
converting a first energy density distribution of laser light emitted from a laser on a
surface to be irradiated into a second energy density distribution by first means; and
homogenizing an energy density in an end portion of the laser light having the

second energy density distribution by second means and irradiating laser light

30 having the homogenized energy density to the surface to be irradiated while
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second energy density distribution by second neans and irradiating | aser

| i ght 30 havi ng the honopgeni zed energy density to the surface to be
irradiated while 6 relatively shifted. Al so, according to another structure
of the laser irradiation nethod disclosed in this specification, the |aser
irradiation nethod is characterized by conprising: changing a sectional
shape of |aser g{ ht emtted froma laser into a first shape by 5 first
nmeans to Fgﬁ§ﬂp %uﬁ?dio a surface to be irradi ated; and honogeni zi ng an

energy density,4.n an end portign of the |aser |ight i.ch is changed into
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honogeni zgf tBREsEBCIHENR] C ' ] while ..
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manuf act urdhagging 4 sectitmiat shapecvbiasdevighe etiitied gaRd al Bséhinto ALK shegd byn.
the manufacturing nmethod is characterized by conprising: converting a
first enedyy! menss ig irmdiniei ibie pourire taderirratliagit; amdi hamdgéniomgear esapyon a
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surface t ehbsurface @dicolrediadd kehileslebitivesy Yhisef ted. Al so, according to
anot her structure of nethod of manufacturing a sem conductor device
di scl osed in tHiwthepaers.i aeqording thea mémehaet of iangnethodiodf imanufhamaeizerni zed

hser The SeAsqriiEhd; ddae 97l Tholine s o, ske manwiaturionmetiodtis. bo
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irradiated while relatively shifted.

Also, according to another structure of method of manufacturing a
semiconductor device disclosed in this specification, the manufacturing method is
characterized by comprising: changing a sectional shape of laser light emitted from

20 a laser into a first shape by first means to irradiate it to a surface to be irradiated;
and homogenizing an energy density in an end portion of the laser light which is
changed into the first shape by second means and irradiating laser light having the
homogenized energy density to the surface to be irradiated while relatively shifted.

Also, in the above structure, it is characterized in that the first means is a

25 homogenizer located to be orthogonal to an optical axis of the laser light.

Also, in the above structure, if is characterized in that the first means is a
plurality of cylindrical lens arrays which are arranged in parallel so as to be
orthogonal to an optical axis of the laser light and divide the laser light in the

arrangement directions.

30 Also, in the above structure, it is characterized in that the optical system is
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orthogonal to an optical axis of the laser |light and divide the |aser |ight
in the arrangenent directions. 30 Also, in the above structure, it is
characterized in that the optical systemis 7 conposed of a plurality of
cylindrical lens groups and a lens, the cylindrical lens groups are
arranged in parallel so as to be orthogonal to an optical axis of the |aser
light and divide the laser light in the arrangenent directions, and the
lens is | comnaged o & pluralisnet sybndrical dens grovpscarld adeis; ahe laytiadgeaupmsand
synt hesi z e divided . .5 laser lights. Al so, in the above structure, it

i s char ac%g?'?éke%gi AR IPH??I%%‘ISSP 3%9*8?1‘%3 PE‘E%"?W to @peontical agsi afihe daser

| ocat ed t @jdne 288 tdiPideNRL 14R ' | f ghe.-laser light and divides
the | aser Igfaght. Al'so, In tﬁgﬁgg%gﬁﬁrfﬁgeﬁf}%‘ dlutg&fds)&(sfrﬂlrda%{g Z?I?Szlé OF*He\flihat

the first ineafansmissidh sidepoB et oflindiday 1eNe gr@is A synBREBEL 6B digieq the
fly eye Ielzns s |located to be orthogonal to an optical axis of the laser

| i ght ahd %ﬁe\‘}iﬁﬂé&g-t he | aser |ight, and the spherical lens is located in a
transm ssi on siiﬂe of tilhe fl é %‘e I ens.an}(lj synt hesizes the divided |aser
lights. Also, i‘noond BEAPEVEsHYEuse.dt is sharacterizedian drat thei firsi means istrefly
second Ne@RS 1b§s whae | 4 14 4f O sli.t 1S, | ocat ed. adj gcent
to the sur?ace to belpi&relrog ?egtl?a)dﬂ,)é ogtﬁgg?]gﬁel tr(1)1'21"rﬂr bé?&sl 4% 8 Z‘aﬁ E%Ff ﬁﬁb@ﬁﬁang ‘
to the endiyides thenasdr ligie. | aser |ight having the second energy density

distribution. Al so, in the above structure, it is characterized in that the
end portion of Alge, in sz abpigistructure, itelyi omrpeterbzbdlint than thdiffrbt digaggtison

of theI aser ligcli]t' 291 Accoh%jﬁn%éto t he .above structure, the |aser |ight
may be ' GoNTBRRSEH 9ty eealensAnd g gphcticH-lenndhe peyedeneieianated mobe

l e, ki . I ' I r . Light havi a
el engt SrpRQKRN ad Wplicd S of BB TG IAIR SRR ies E: BB redahe o

t he | aser sphgidal tlenqissidce@ninf 4 ltRinkmiskesry sideVef (Haug 16 ! Fes! S
technically difficult to crystallize an anorphous sYleﬁ%on %i%f“rjnsgéﬂlgrslieztets)f 25

seni conduétodividedaserHighiser, the | aser light can be converted into |ight
havi ng a shortgr V\ﬁllvt%leea otvrila sb[%luclggrien%t ias ghoarr]:;cl:tiarqgf?dr ir? ré)ltleiltct(iille s%lcerrderr]rtlé ~
har noni c, ther , on ans 15

15 one of a slit or a mirror, the slit is located adjacent to the surface to be irradiated,
and the mirror is located corresponding to the end portion of the laser light having
the second energy density distribution.'

Also, in the above structure, it is characterized in that the end portion of the
laser light is a region parallel to a shift direction of the laser light.

20 According to the above structure, the laser light may be converted into a
harmonic by a non-linear optical element. For example, it is known that a YAG
laser emits laser light having a wavelength of 1065 nm as a fundamental wave. An
absorption coefficient of the laser light to a silicon film is very low. Thus, at this
rate, it is technically difficult to crystailizé an amorphous silicon film as one of

25 semiconductor films. However, the laser light can be converted into light having a
shorter wavelength by using a non-linear optical element. As harmonic, there is
the second harmonic (532 nm), the third harmonic (355 nm), the fourth harmonic

(266 nm), or the fifth harmonic (213 nm). These harmonics have a high

absorption coefficient to an amorphous silicon film. Thus, they can be used for

30 crystallizing the amorphous silicon film.




the second harmonic (532 nm, the third harnonic (355 nm, the fourth
harmonic (266 nm, or the fifth harnonic (213 nn). These harnoni es have a
high absorption coefficient to an anorphous silicon film Thus, they can
be used for 30 crystallizing the anorphous silicon film 8 In the above
structure, it is characterized in that the laser is one selected from the
group consisting of a continuous oscillation solid |aser, a continuous
oscillation gt thaakeve drytinseitds chitagtarized doithal thabser isamt wlguied rom

osci | | ati@}n gas | aser . . Notfe that, as ttlga sol i ciiéglaser, there are enunerated
a YAG | as&}S BOUNFIPSISIng O 4 copinyopspscillationysolidglapers acongingpus esqiliaon a

ruby | ase I B IE : L i . he,l 1 k and
s he gag®t RS A DCIRAtER S0l Tt prifP BONE Suoifafibn o0 fhrel " Nold it
Kr | aser, astite sléd bisks, thétesare érurhdiatcdb® WA S asG! Brev O, Nasdras oy Lk il ad
be converted into a harnonic by a non-linear optical element. 10 In the

above st r 0chlGhdasar ajgdassHasesca sutiyzladel, potabexantdhite lasspa Tis sapphiedasat ead f r om

t he group,,copsi st f a continuous oscillatiqn solid |aser, a continuous

oscillati U ﬁg%esﬂngg%ﬂ}e z‘éasp@ﬁ%fe‘ e 4P &E{Pwﬁiﬁai%ﬂ FREABET ?%?ﬁa 4 Hulaser, a

osci IIatimlgﬁ% eliote that, as the solid laser, there are enumerated
a

a YAG | aser, aser, a YLF laser, a YA O3 laser, a glass laser, a

ruby |aser, anadk@XanHeiabeve agecturd tlé lassAAPR My RS veARd ind 4 Beniddie:
and as the gas laser, there are exenplified an excinmer |aser, an Ar |aser,

a Kr | asby 2 mmdlingas apiticel elfeendl it is |located in the imediate vicinity of
rradi ated or, on the surface to be irradi ated or when

t he suriacetob [ r
the mittor is b dpYesHauR, {tds charagterized gn dhnd the laspels enseseledtedhfom

typical | t ' 90 at t ' ions, 20 .Th i
e oo el e 6 Pbot Al SRR n SRR o RRL
surface t gablasks,laaslilaé escillatibn sblid 136es, dHdt ¥ peRA oﬁﬁllﬂgbﬁ‘{g‘ggga%% UR@le Hizf orm

anneal i ng can be conducted for the object to be irradia to now, the
di vi ded | asélre solighiasenrthesy mehamimedtddya (YreGdysdrndrY val, lhsirsa YIOB Issepa i n
FI Gs. 7A /B to reduce the attenuation _ regions. According to the 25
present i 5 85ET, BERRSWRESE: 2 DX laseh anialenandaieslasers ai'y: papphiveoasereand o

~the opij c@le like, and as the gas laser, there are exemplified an excimer laser, an Ar laser, a
Kir laser, and the like.

The slit is located in the immediate vicinity of the surface to be irradiated or
on the surface to be irradiated or when the mirror is located in the attenuation
regions of the laser light, typically, near the middle of the attenuation regions.

20 Thus, superior homogeneity of an energy density distribution of the lasér light on
the surface to be irradiated or in its vicinity can be obtained so that uniform
“annealing can be conducted for the object to be irradiated.
Up to now, the divided laser lights are synthesized by the cylindrical lens
105 shown in FIGs. 7A and 7B to reduce the attenuation regions. According to the
25 present invention, even when the cylindrical lens 105 is not provided to the optical
system, a steep energy density distribution can be obtained in the end portions of
the laser light. Thus, the number of lens used for the optical system is decreased
so that optical adjustment is easy, and uniform annealing can be conducted. Note
that, when the cylindrical lens 105 is used, the attenuation regions of the laser light

30 can be reduced. Thus, areas of the laser light irradiated to, the slit located in the




system a steep energy density distribution can be obtained in the end
portions of the laser light. Thus, the nunber of |ens used for the optical
systemis decreased so that optical adjustnent is easy, and uniform

anneal i ng can be conducted. Note that, when the cylindrical lens 105 is
used, the attenuation regions of the laser light 30 can be reduced. Thus,
areas of the laser light irradiated to, the slit |located in the 9 imediate
vi cinity ommdshateuriciagy afdhpeuifacatt be sadiatet or dorbartt withhtht Rarfacs f@ee to
be irradiated qor tett,l]le mrror located near the middle of the attenuation

r egi ons of“f?‘ﬁ‘@te » 4 e IYRRL lacgtedpBedrdgomiddinet dhe adtgnuatiomeegions ofithe
effect th Wl i i.ch . has.a snal|er..si can be used. .5 The
uni form aﬁ%lsggllggr%’ f%sn gérl?ldﬁér:%%r t%ta fesully Hisre 6, 2 et ﬁﬁ%\t Brower 9 dkifhe

obj ect towifich haadisaiadldr siz8 AfPetised, the present invention is particularly
effective in the case where a | arge area substrate is anneal ed. For

exanpl e when [Tisamifdrghanndadingrig varyinpdrtahon betertib anifermengiopesty dthike
| arge area substrate is irradiated to anneal the object to be irradiated,
it is necObigstyohs Brdiied. r Iy addifions shinprosgnt wivenson ds Ipartimilalp affeutive r at e

' i B i I l.i gh duced by th .
Toventi on i S5sSPAE B 28 shPYFhuais dhefid o oaiuaiapnbn epient ons
Ol avac, | Aading hORIARARHCP i £1GMHR lorHe RO Ardd SRR are g BUEN S 0 27

adj acent portion of regions scann I anneal’ing Ca

uni f or M y aonead the ebject As ba irradiskéd, inis Nevebiry 06 coRd@ITERkiveGchenina4s el i N
any portiNiégr of the |arge area 15 substrate so that it can be utilrized
wi t hout® whaige aiad substsalgHpural damepdor apneating.  Fher laszaitight prodiesedaby the

sem condu r.filmi-s f,ormed on the | arge area. substrate, property of
the som oBhasel BIVERlPmIE Fut el Ry Tigh ehex SRRAONBHCHEY tuienaret

Ther ef or e ghed 1Y% | BER10Pa1 r I §d £5,0 S f red fr such a
sem conductor fil ﬁ}éigaﬁaﬂggefgﬁuegghﬂ I(ﬁ}égglgpt fhg;rll_%i)-ganqgﬁplg’r %&%ﬁgﬁcﬁ%raﬁ(zgﬁ%sti c
and 20 r eppebid of yegifnescaantd bpdhe taer ek, aanemmny asl by eRifbFRIP S!S

can be inproved. BRI EF DESCRI PTION OF THE DRAWNGS In the acconpanyi ng

dr awi ngs: 4953 FEENlt 10 SHEREORNNesRInsliag ot causeptin caly pation of tie lage eareder e
a slitydSgpgtrate so that it can be utilized without waste and throughput can be improved.
For example, when a semiconductor film is formed on the large area substrate, a
property of the semiconductor film produced by uniform annealing becomes
uniform. Therefore, a variation in characteristics of TFTs manufactured from such
a semiconductor film can be reduced. In addition, an operating characteristic and
20 reliability of a semiconductor device manufactured from such TFTs can be

improved.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

25 FIG. 1A shows an example of an optical path in the case where a slit is
located and FIG. 1B shows an example of an optical path in the case where a mirror
1s located;

FIG. 2A shows an example of an energy density distribution of laser light
according to the present invention and FIG. 2B shows an example in which a large

30 area substrate is annealed using the laser light shown in FIG. 2A;
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| ocated and FIG 1B shows an exanple of an optical path in the case where a
mrror is located; FIG 2A shows an exanple of an energy density
distribution of laser light according to the present invention and FIG 2B
shows an exanple in which a large 30 area substrate is anneal ed using the
| aser light shown in FIG 2A; 10 FIGs. 3A and 3B show an exanpl e of an
optical systemQf the present invention; FIG 4 shows an exanple of an
optical system ps pés s Bt show ean esampleroGsan Spticd Sfstahowt de Predophe of

a fly eye;lens. > FIG. 6A and 6B show an exanple in which a | ar ge area
substrate i s annheal ed using laser |ight produced by the present invention;

FIG. 7A and 7 | ' j f . | f
" convent | onal "ogt | o oy SMAP Gt By URRER SRk BF e pheSth i 5" ©

density distri hiGsohAab SFasterw b gRamplkdodd Bigesededdy the conventional
optical systemand FIG 8B shows an exanple’ in which a |arge area
substrate is ahhesl & widnB showagercxampie whoviich m FirGe 8Aa FilStra®A jand

9B sh le of a | bstrate; FIGs, 10A to |OC
cect i onal WDTGHEY ufiodiar BB Er a3y Rirthe parschgupeRton; TETe and orver

ircuit TFTs; ' iQnal vi ews. showi ng_st f
manut act uri ng RS> et Pepes G0 TV ERRTEHORF RSl SEnRt e of

sect i onal awoavestimwl ogtishlepsteph; manuf acturing the pixel TFTs and the
driver circuit _TFTs; FIG 13 is a top view show ng a structure of the pixel
TFT, 20 FIG 1410s 8A showk amatxample off amenergy densityt disttithitioni of Lasys lipht

di spl ay, devi ce: . Fl 15 is a sectional structure view showi ng a driver
ci rcui ¥° aR&“‘ﬁ‘CSFM %f‘pSPPVBWQﬂa &Hﬁ%ﬁﬁ%ﬁiﬂt g dige SR shoms@n exsnploin6F

Sg(r)nwcg)r(\glrjgt}%?l gga\}%ggfrsgaoﬂfi}é‘fﬁ?er isUnhL9es ;usianl (R 'las]ézﬁgh? stowon SRYGS é(tg[rpl es of
FIG. 9A and 9B show an example of a large area substrate;
FIGs. 10A to 10C are sectional views showing steps of manufacturing pixel
TFTs and driver circuit TFTSs;
15 FIGs. 11A to 11C are sectional views showing steps of manufacturing the
pixel TFTs and the driver circuit TFTs:
FIG. 12 is a sectional view showing steps of manufacturing the pixel TFTs
and the driver circuit TFTs;
FIG. 13 is a top view showing a structure of the pixel TFT;
20 - FIG. 14 is a sectional view of an active matrix liquid crystal display device;
FIG. 15 is a sectional structure view showing a driver circuit and a pixel
portion of a light emitting device;
FIGs. 16A to 16F show examples of semiconductor devices;
FIGs. 17A to 17D show examples of semiconductor devices;
25 F1Gs. 18A to 18C show examples of semiconductor devices; and

FIG. 19 shows an example of a homogenizer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Embodiment Mode]

30 In this embodiment mode, a method of removing attenuation regions by a slit
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25 FIGs. 18A to 18C show exanpl es of sem conductor devices; and FIG 19
shows an exanpl e of a honobgeni zer. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBCDI MENTS [ Enbodi ment Mobde] 30 In this enbodi nent node, a nethod of :
removing attenuation regions by a slit 11 will be described using FIGs. 3A
and 3B. FIG 3A shows an optical systemin the case where a |ongitudinal
direction is viewed froma direction perpendicul ar theretp. and FIG 3B
shows t he Wit be desaibedaming FlGe TAsaddRr eFIaG.vﬁAltshoWismod»ptmaésfyswmenﬂdh' he
froma directiqgn perpendi cular, thereto.. 5 Laser |jght, emtted froma |aser
1101 is efﬁ‘&%&‘g'&f‘g? Ign%‘g'éfﬁwﬂ SFAON 1S (Viawed fr&ﬁuaﬂmﬂé?n ipﬁf[lféldlfﬁ_ﬂilwethelr\fk:)to
| ongi t udi | ' ] direction aba two times.. Note
that the %Z’Ignﬂ g(g%%gg(?w?@?e pg ?ﬁ(@”&g’gﬁr@wlne ecc‘?g? \\;Vgl%}‘%amgh&gggctl%grgegegl ze

of the | afesmld @héctﬁiﬂﬁdrﬁ&ldib@lﬁﬂﬁh@eﬂoaser is small. It may not be used
according to a size or the |like of the laser light. 10 The |aser I|ight

em tted5from t Heasoedghéxgaiitiel fiom i ndassent]1(intsocxpdridedr bpad beh®Nexpafidats
lindrical |ens 1104 as first form ng neans. These

1103 d b and ; S T, A ans.
t hr eg ?2n§ii8% é‘gai %ﬁb’iﬁdns]%tﬁ thealongitydinghdisestion haﬁlﬂethﬂa‘éf thi digeatiars by

Il el I | t ugd] | lon_thereof. us, . an.ener ensity
Bl o ot o BRELY Wby PG BRI L o PR, B Sl
di rect i on.whdre Bhéizé @Fahe ldsaPlighPtidiged HoaMhd Biseisl ﬁﬁzﬂl.c ajy :h%g%o’r H415eq
incident into a doublet cylindrical |ens 1107, which is conposed of
cyl i ndri caliccomiisg & a airs drtbs fike afidhd 1R6bligiat. cyl i ndrical |ens 1106, and two

cylindrjcal lenses 1107a and _1107b, as third forning neans. These |enses
are di SPosed s tasst Light amitedifromthe heamaerrandes ghincidensantn cplindmcalhe

o9 gk el Bl e RS BRI L | PRt
L et ettt Rk 3oL SRS B TEHN o
wi dt h and the porgitidomlafirdchiensherteol 108his anednergudindityadisatiaionesiumti 196y
regions Otlig%??s f’lOal‘?lgrgellliiZgg En ?hreelolslgiitgclli?lglddi?gct}()rllf stit 1108 and
15 The laser light emitted from the cylindrical lens 1104 is incident into a
doublet cylindrical lens 1107, which is composed of cylindrical lens arrays 1105a
and 1105b, a cylindrical lens 1106, and two cylindrical lenses 1107a and 1107b, as
| third forming means. These lenses are disposed such that a curvature of the laser
light is parallel to the width direction thereof. Thus, an encrgy density distribution
20 of the laser light is homogenized in the width direction and simultaneously a width
thereof is shortened.

Then, a slit 1108 is located as a second forming means in the immediate
vicinity of a surface to be irradiated. A width and a position of the slit 1108 is set
such that an attenuation regions of the laser light are shielded by the slit 1108 and

25 thereby do not reach a surface to be irradiated 1109. Thus, linear laser light
having a steep energy density distribution in end portions thereof can be obtained.

When a semiconductor film is annealed using such a laser irradiation
apparatus, it can be crystallized, crystallinity can be improved to obtain a crystalline

semiconductor film, or an impurity element can be activated.

30 The slit is used in this embodiment mode. However, the present invention
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25 thereby do not reach a surface to be irradiated 1109. Thus, |inear |aser
light having a steep energy density distribution in end portions thereof
can be obtained. Wen a senm conductor filmis anneal ed using such a | aser
irradiation apparatus, it can be crystallized, crystallinity can be
inproved to obtain a crystalline sem conductor film or an inpurity

el enent can be.acti vatﬁl\g 30 The slit is used in this enbodi nent node.
However, IhBotlimyedtothiseAnd armmpor eannalso Ibﬁrﬁsﬁéd Whﬁtfhﬂlﬁ magrer & wiedraxd can

| b d
e S VD 8 e LSS S A
portions efgibReid ?ﬁﬁfoﬂs' &lﬁfheﬁ%@rl light pRafe1SRY 4 Shift BRELGHGT tltul.}%fa q&plcallér1

typically, ~near the mddle the“respective attenuation reg

wi dt h di r eear the, midue bAsks refspbc@\l‘ﬁ aatmxraﬂbhaegﬁﬁhs ngar wid diﬁwtiroal tHeOTdsben of
t he rersfge tive attenuation regions. Energy densities of a non- reflecti ng

area antl Hehof§ detlpeigd sreas the eandrabtpasticat dlothe respective atengghomasgiond.
Th th it h h

densi ty GFLPIENL PR 55 b boteftledine” Bapcnd fieing iy Hpole @ﬁgﬁﬁwn
surface ofegiymd hgd iy nﬂié@fzteﬁ 9(")[?1%@ ife g?ﬁgggxgargéodén‘%ﬁ Sy tr@%(? @M

accordance wth a ve ength a las ari ou aser can

appl i ed t hotogepresantgy dusdity distribNoioa dahde dasiaed) i ght whose shape on a
surface to be irradi ated beconmes linear is produced in this enbodi nent

mode. However , Als vphes epatingapmicdorn psurfece of synthedc tq@aBtZIglmas chhnmi I'n

addi ti t he s e is chan ep f 15 | ase
eni ttegpfif 3“1%@ rORCTHY &S é&”eﬂ‘r ﬁﬂ r‘ﬂVFle&Eh‘ Pgaf GRS V@H@U%Mﬁeésm
system IEaﬂ Be%ﬁ?ﬂedfb{h%‘iﬁbé’ t%ﬁ}penlu%l uence of an original shape. For

exanpl e, laser Ight emtte roma XeCl exciner laser (308 urn in

wavel engt h andNefle tisat ilasep lighewhoke tidpehaisa suifees RNgulraidisteang cofned Qingm x 30
mm (which_each are a half-width in beamprofile). Wth respect to a shape

of laser 1& @m duggilt e dhis ranbedigwnit anpds.er Hos@vah etheapresents hayxartion is not

cylind h | dd
oL o B S BRDS ok 26 850, PESBARS i et set %305"{5' il ey
shape 19 flzfspfh ﬁ?@fmt]h hd D BlonD 39284, e'ﬁlrugye\%gp 'IEQ/erel q fBﬂ‘n@ﬁ' l%gte(:t

to be irradiated ere is no problem nvent
appl i ed. system, it is easy to receive the influence of an ongmal shape. For example, laser

light emitted from a XeCl excimer laser (308 nm in wavelength and 30 ns in pulse

width) has a rectangular shape of 10 mm x 30 mm (which each are a half-width in

beam profile). With respect to a shape of laser light emitted from a solid laser,
20 when a rod shape is cylindrical, the shape of laser light becomes circular. In

addition, in the case of a slab type, the shape of laser light is rectangular. In any

shape, if the laser light has an energy density enough to anneal an object to be

irradiated, there is no problem and the present invention can be applied.

The present invention made by the above constitutions will be described in -

25 more detail through the following embodiments.

[Embodiment 1]
In this embodiment, a method of obtaining a steep cnergy density
distribution in end portions of linear laser light by using a slit will be described

30 using FIGs. 3A and 3B. FIG. 3A shows an optical system in the case where a
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The present invention made by the above constitutions will be described in
25 nore detail through the follow ng enbodi nents. [Enbodinent 11 In this
enbodi ment, a nethod of obtaining a steep energy density distribution in
end portions of linear |aser light by using a slit will be described 30
using FIGs. 3A and 3B. FIG 3A shows an optical systemin the case where a
13 longitudinal_ direction of laser light is viewed froma direction

per pendi clongitudiz stitgctign offaser light shvissvedhizomm diredtiayperpendicutdr eherse

where a wi dt I regtion of laser, light is viewed from.a direction
per pendi ?ﬂpgﬁ:lﬁﬁéﬁ§%QWﬁ&%éPﬁ%1 SYRleth & H&E@ﬁ%‘f’gﬁﬁ 3 &idthedireqsicmof laser
ar r angenefihofs ieRed $rd atc{ife%tigpiiwgﬁfér;d:iﬁﬁﬁf @gfettbt is assumed that the front

is a travel direction of |aser a fon, with respect to the

lenses, it is amendhdt ihaheaddsesiptiohi @Mted Nl Qﬁrﬁrr-éi%@ﬁlen%%ﬁ A5Red %nath;iéfSt
surface and an enm ssion side surface is a second surface. Aradius o

cur vat uf especifipatidn, rigtis siusdmed that thedfroat éxl abyawR dingttimncof Vatridigheadius of

t he secong %urfac is indic te?ggvé R2.. A sign of the used radius of
cur vat ur e 2f4HDH, FaffLEespect fo the & Unrassamed fhat adpsefubighit incidang sideat ed

on a | ase | | AGI ' gt is vigwed fromthe Lens. In ..
addi ti on, Elthjrj]% s%sgdnﬂgégggéﬁ ?@(gg?\éﬂﬁgséﬁrgg@ SURREY &5 ?ﬁ%co@élrﬁ“é*'ach SuFatiEsr e
i s | ocat edf QuratuRTHE ShOFirst SlffadeNist MAIGASE b9 RA 2BH i

Further, all |enses used 1aﬁre na%ig 1oSf s3l/nt hesi s guar ?d;%g{vgg%e %gﬂ%gggggel n
refracti vecdondegyrfacdoneindicatedebprRsent sigueof ithe ussd nadisi of teadvdtare 15

this. Laser | l‘ghl %lr%itted froma |aser 1101 is expanded by a beam expander
in both DREAUGHE garase Wiere dceander ehenmvatirqiizilocagid er wi laserdyghiboaidento

7 i n ¢ ROeGIR T RIEGEd Buf YRISES Yo RS i ign H ot REDE 45 eno

(50 MM i nwiRed the cehtdrBf dfhr%)tuhhis]flﬁgg%a onfh emBliorPiide R21the c‘fblgg 0 f}%‘%thb

which is located at a distance o nm from the spherical Tens

The | aser °Pi ghtasshed.ed Furthir,t b loesen exspédnater niaslei of isgattesisnigaanz glass

cylindric .arr 1103a which is located at a distance of 50 mm from
t%e spher ﬂ.gﬁgggéﬁén re&%{cﬁve index). However, the present invention is not limited to

[5 this.

Laser light emitted from a laser 1101 is expanded by a beam expander in
both the longitudinal direction and the width direction by about two times. The
beam expander is composed of a spherical lens (50 mm in radius, 7 mm in thickness,
Ry = - 220 mm, and R, = ©°) 1102a and a spherical lens (50 mm in radius, 7 mm in

20 thickness, R; = ©0, and R; = - 400 mm) 1102b which is located at a distance of 400
mm from the spherical lens 1102a.

The laser light emitted from the beam expander is incident into a cylindrical
lens array 1103a which is located at a distance of 50 mm from the spherical lens
1102b of the beam expander toward the front. After that, the laser light is

25 transmitted through a cylindrical lens array 1103b which is located at a distance of
88 mm from the cylindrical lens array 1103a toward the front, and then incident into
a cylindrical lens 1104 which is located at a distance of 120 mm from the
cylindrical lens array 1103b toward the front. The cylindrical lens array 1103a

includes 40 cylindrical lenses (each having 60 mm in length, 2 mm in width, 5 mm

30 in thickness, R; = 28 mm, and R, = ©0) located in array. The cylindrical lens
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1102b of the beam expander toward the front. After that, the laser light is
25 transmtted through a cylindrical lens array 1103b which is | ocated at a
di stance of 88 mmfromthe cylindrical lens array 1103a toward the front,
and then incident into a cylindrical lens 1104 which is located at a

di stance of 120 mmfromthe cylindrical |lens array 1103b toward the front.
The cylindrica ns array 1103a _includes 40 cylindrical |enses (each

havi ng 60 3R M@n&cﬁm{f‘«z 4fheylindiicad hensss feackohaving 00 ckne s length,2 afmnim

and R2 = QQ: d in-array., The l,Lndrical, Lens 14 array.1103b i ncl udes
40 cyli nd?’?l)gg}’ofgé{gelg tPéCj%’r?s%a%% ng g%’jhn‘?"% E’I“Qn%% f, ©9) }ﬁﬁait?f}/ IaEek, Fhemin
t hi ckness,cyBhadrical 1&8s 33 3 t ] ry e cylindrical
| ens. 1104 Ciys a“§§/| [ n?jr i gg}i@ ?gggnﬁ%ﬁlnlg@lg%}vqﬁ%ﬁﬁ ri]@lng lﬁﬁé%gﬂﬁl%ﬁ\/\?’bﬁh’

20 nmin t20 oknessthiddness,2R4G: @iv0aneh, RhdERIQ: he T LPHRdLSII Te gsarp{};says
5 1103a_and 1103b, and the cylindrical |ens 1104 each are di sposed such that

the cufvdtiiiba qud J293p jaad the evlindrinadilensiln@d edichewti disposed badt thesaiei S
divided b h i ndri.cal .|l ens arra 1103a and 1103b. The divided |ight
boame ar o TSR we i RalhARAD ol aich g | Ao dngivides byothe
honogeni r |, t .Sl | OFgy, T tA er densi
di Stribut conndace Biis gg‘%?b |l|>18?1tgla?ﬁsi ilﬁ%ho%hg"’e%ﬁdee&l i ‘tetﬂ%arﬂg%ﬁ‘& ?YLFJE%&’P‘*
di rect i on vayh teaek eothbr &g tleneglnditd leaserid4 ehthopiidenhesd b oM \2 deélgity

a

cylindrical. lens 1104 is incident into a cylindrical lens array 11

whi ch is IbYEPBHORt aThiust ahee eaprgyosdensityr alisttibetiony loff ndié c biset elightl 194
towardll:)h front. Af.t L ihat.f thaiﬁf.aser iqgt ifl transmtted through a
cyl i ndri ca®tErEs rlgfl} q {egitaginal dlisegtipp bythgpedhres lgpsasance of 65 nm from
15 the cylindri : oAk T QY 1410 r gy r , 1. hen. j nci.dent
into a cylindr irlf:}gzl ldslggilh h%%“g/\chai gﬁm‘? gw?ocgygﬁlgﬁc‘félt P%tsd}g@gr}%emgrde?gd%mnﬁ
from the eylinddcilckins|@rey 4108y whitRSH 1bexsd httheaisiaRt of 308 £y itRsthi g8l

| ens array 1105a includes 16 cylindrical |enses (each having 150 nmin
| engt h, 2 cihindricali on, 1 84ntewardt thieckoes s, After tharpthe aner dight AR trai@itted

eyl nri o SrRPBRABIER JERbiart s R i K agNed ot pistancoglden s frami n
| honsss eyt 0, oy AT Bonb AR S SRS,
in thicknésss, 1106 which is located at a distance of 1600 mm from the cylindrical lens array
1105b toward the front. The cylindrical lens array 11052 includes 16 cylindrical
lenses (each having 150 mm in length, 2 mm in width, 5 mm in thickness, R, = 100
mm, and R; = ) located in array. The cylindrical lens array 1105b includes 16
20 cylindrical lenses (each having 150 mm in length, 2 mm in width, 5 mm in
thickness, R, = ©©, and R, = 80 mm) located in array. The cylindrical lens 1106 is
2 cylindrical lens having 900 mm in length, 60 mm in width, 20 mm in thickness, _
Ry = ©,and R, = 486 mm. The cylindrical lens arrays 1105a and 1105b and the
cylindrical lens 1106 each are disposed such that the curvature is parallel to the
25 width direction. By these three lenses, an energy density distribution of the laser
light is homogenized in the width direction and simultaneously a width thereof is
shortened. Thus, linear laser light having a width of 2 mm is produced at a
distance of 800 mm from the cylindrical lens 1106 toward the front.
In order to further shorten the above linear laser light having the width of 2

30 mm, a doublet cylindrical lens 1107 is located at a distance of 2050 mm from the
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R =00, and R2 = 486 mm The cylindrical |ens arrays 1105a and 1105b and
the cylindrical |lens 1106 each are di sposed such that the curvature is
parallel to the 25 width direction. By these three | enses, an energy
density distribution of the laser Ilight is honogenized in the width
direction and sinmultaneously a wdth thereof is shortened. Thus, |inear

| aser |ight having a wwdth of 2 mMmis produced at a distance of 800 mm
from the &yHpdeealclans| 4446 1tovard other ronhe Thendoublet oyHadrita femst bEO7 is

horten the above Li | i ght _having the width of 2 30
oubl ot cSPPRBRFLAX ey tniaze) oo 400/ a6 41678+ kb Hindosel lems AA67a ne

17071 5 ConseungGEREhACINE. 00 M Bl M IRTN R Yy GRlcinls

cylindri c®; +a2S mf)7nd Rs =a7¢yhimdrikabyligdscA a1 4R ig ylhhﬁ@ﬁlt f2ns 70
mm in width, 10 rumin thickness, R =125 mm and R2 = 77°nm The

cyl i ndr ¥ c&avingrd)0Lmey bn lengsh,cif) inmalin wadth, ¢0snih ihalickgek) R, mOT7 mbengd R, 70
mm in width, and mm |.n addition,

in thick , . =.97 R, 200
the cylindri gé‘is) Hi‘nlg]n!sgg ag'ﬂ%’i‘gn?zﬁ%l Ciﬁi@%‘:aelrlgﬂgeécldpgé agd HA7b aredocated of aB. 5

nm The cyl4 [ I es 074 Q7 ar I spose such that the

cur vat ureyglltgp‘gdgré;?#'gl ﬁj?%’ th[il%vﬁ?ﬂ’t@?%#é%}slg%ﬁaﬁﬁﬁnaé@rT‘I@@%Paf" dht ﬁ%RﬂSﬁa 300
mm i n | engtibh and 1 durinird ivpatallel ® BEHALGiredifn a surface 1109 at a
di stance of 237.7 mmfromthe doublet cylindrical lens 1107 toward the

front. At this hLineas,lasdrdight dduingd300 mearin lesgth anddht hasinanidhés prodieegi ty
di stribution in_ whi m end portions thereof in the | ongﬁirttud_i nal direction
are gr aQulm 3sufg @ distansedd; 2377 mesdvemdie sloshiat gyliadrienlugns dA07

Lo b v St b Hh, S v ATNEE, b frBf TGS rfost sl hig b enp @S i

that |i ghidiiEBaBoS A G28EPBAN PBreichst tABrRAGH i P36
bl ocked by the slit 1108 andﬁt heresby {jo no@%%@?&ﬁ?ﬁ%ﬁ?ﬁ@f&@%aPét'graBﬁﬁelﬁliy
i rradi at edtt¢a@ged. Thirs ordémeanemasersuchgtberpgvittguatish eepicReragylidenes tiy

distri but:lon i(g,end portions thereof can be obtained. |In this enbodinent,
the slit 1Qcaleq,dnihe immedigfessighiily of the mwslaceotn he sediated.e. A2widthsand a

i ' , i li.ndri cal | d
1ot g PoRoRot FRSARL fEhe' Sy shOE SE T i ¢ ERPOBHR S HpotniBsa

and 1105battenuation regions are blocked by the slit 1108 and thereby do not reach the surface

to be irradiated 1109. Thus, linear laser light having a steep energy density
distribution in end portions thereof can be obtained. In this embodiment, the slit is
located at a distance of 2 mm from a substrate. |
20 Als_o, instead of three lenses, that is, the cylindrical lens arrays 1103a and
1103b and the cylindricat lens 1104 or the cylindrical lens arrays 1105a and 1105b
and the cylindrical lens 1106, a homogenizer shown in FIG. 19 may be used. Also
when such a homogenizer is used, laser light on the surface to be irradiated or at its
vicinity has attenuation regions in end portions. Thus, the slit is provided, thereby
25 removing the attenuation regions to produce linear laser light having a steep energy
density distribution.
When such a laser irradiation apparatus is used, uniform annealing can be
conducted for the surface to be irradiated. For example, when annealing is
conducted using a semiconductor film as an object to be irradiated, it can be

30 crystallized, crystallinity can be improved to obtain a semiconductor film having
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and the cylindrical Iens 1106, a honogeni zer shown in FIG 19 may be used.
Al so when such a honbgeni zer is used, laser light on the surface to be
irradiated or at its vicinity has attenuation regions in end portions.
Thus, the slit is provided, thereby 25 renoving the attenuation regions to
produce linear laser light having a steep energy density distribution.
When such a, | aser irradiation apparatus is used, uniform annealing can be
conduct edUpdprmsysiallinityeor an irepurityeelementicarFoe agtkantgd.e, when annealing is
conducted using a sem conductor filmas an object to be irradiated, it can
be 30 crystallized, crystallinity can be inproved to obtain a sem conductor

film havi L8 4Rl mcrystallinity, or an inpurity el ement can be
activat ed. }gﬁélnﬁrtgzrlt 21 In this enbodi nent, a nethod of obtaining a steep

energy densi tyIn5tids sembbudimhen, | §# eREh@DT&f Attaiding | @e%e%aéﬁér gi %hsi?%
using a mrror will be described. Linear |aser light is rodug d by t
opt i cal 5 s¢istibuting by ¢isbpoitionsof diicaekiserllighidiyeusing b miasor shidhse deschbed. 113,
a mrror is provideq on.side surfac of a slit and_ |ocated near
Substantial Iy CERGFAFSep it SrRrogncedBy gy apviel sxeFBndesesbonsn Emphodimeght
beans of fhe I t hONS. - eflected by the mrror t

i rradiat e&'lo I\ﬁgﬁé?%tf %%tsggg?lgly Ogl[c%'g%’a{a ?%lﬁlro‘r?éé %5%‘?&3%%15%{(1? ﬁgrfg}ﬁse‘?i{ﬁtsf%n
regi ons angd lesiteddeas subishaitialiyecdntne ForfiARE6F La&By Ul iS5 9y
density distribution in the len port?gﬁs t her eof Q?sa pr ogdkgct):lgééééﬁﬁs?hgﬁﬁé
surface t bighebe¢amsdf hearcrphattepuativmrdgicms arerrefiditat ibynthapparattodriadiass ed,

unifornaannea.l Lng can be conducted for the surface to be irradiated. For
exanpl & FHBHDYML SBFIEYgattenuaign Jsginns: ed husi iy attertimtiosniegions: aki teduged an

object to Wy I: ity ry | Lized, ,cryst Lhity cap be

i mpr oved ?%q% it lgllﬁﬁugéagﬂ% rallléllﬁ nnheﬁlgrégdac%%@gpgﬁgyf f‘?rfﬁYtyh \?h’fﬂltlﬁ%ﬁ Moty end

crystal | i pbitonsQhe@0f ipiodubyd 6h SRR RIfERTR RGliiaeded. [ Enbodi ment 3] 20

In this enbodi ment, a nethod of obtaining a steep energy density

di stribution i Werdspdr wilossr bfaditiemt appapad isased, unifotrmvadrealiagdesché bed

using FIGs. 4, (?%to SF. ) ) )

conducted for the surface to be irradiated. For example, when annealing is

15 conducted using a semiconductor film as an object to be irradiated, it can be

crystallized, crystallinity can be improved to obtain a crystalline semiconductor film

having uniform crystallinity, or an impurity element can be activated.

{Embodiment 3] _
20 In this embodiment, a method of obtaining a steep energy density
distribution in end portions of sheet shaped laser light will be described using FIGs.
4, 5A to SF.
Laser light emitted from a laser 1101 is incident into a fly eye lens 1302.
Note that, in order to set an aspect ratio of the incident laser light to 1 : 1, a
26 cylindrical lens may be inserted as a beam expander between an oscillation
apparatus and the fly eye lens. The fly eye lens 1302 is obtained by arranging
spherical lenses each having R; = 10 mm, and R, = 00, 5 mm in thickness, and 1
mim in square, as shown in FIG. 5A. Note that an arrangement of such an array ié
optimized to homogenize the energy distribution depending on a shape of the

30 incident laser light (arrangement example: FIG. 5B). In addition, in order to make
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Laser light emtted froma laser 1101 is incident into a fly eye | ens 1302.
Note that, .in order to set an aspect ratio of the incident laser light to |
1, a 25 cylindrical lens may be inserted as a beam expander between an

oscillation apparatus and the fly eye lens. The fly eye lens 130 is '
obtai ned by arranging spherical |enses each having R, = 10 nm and R2 =
00, 5 mMmin thickness, and I nun in square, as showmn in FIG SA Note that
an ar r angéhe@rragftoshe getametrma;hlw similaopbi msmrﬂ:ohdud:tonﬁ@mmozbe tahBeA0& Wis

di stributi on]g ciglng on a shape of the 30 incident |aser

(ar r angemSRPS ?g‘?ﬁj; U arphapesag phown ingdpx exrmplen FéGdéIC t(tﬁcfﬁilgge)lﬂﬁqe'iﬁr r ay
to b t b | ed
cons: dor o RUERlntmY, BGASE Subaril®) BF HES, i (el he w@e@wﬂ) ARG
5D (par alsphéggiiasks 1505%5is @Ea&ﬂfm 'Ebdi§t)anc@6f Bo %mEf'rzorﬁr H{/%E’e

used. A spherical lens 1303 is |located at a distance of from fe{ry eye

Iens 13@2t oweondt. 5 Theesfhreoical Idivel 30 dink Ay =| 300 nikBP3nd e, R1 o>, 300mmninand
t hi.ckness, and 150 nmin square. The |ight beans di vi ded

by the flﬁh’égmeﬁseﬁ@ d 130 mugyia sgyare. apped with each ot her by the spheri cal

o oo on S ER welBRGR 0BT B WAt <L 18R Tk e R oy Ao Fish e
1305 at a ofhért By GRe Rph&91 MBRS 903! h?ggg gsc]f‘aéﬁeet : 1%§&211gaser p.tlfﬁgf%fxr%t-

At this time, with respect to the pro haped

ener gi es. inmt Iwehosemepgy tdistnibudon @t hemogéeided Thgredasel onna Qiu‘ilﬁfcetf(’) bgnove
this, a slit 1304 is located in the inmmediate vicinity of the surface to

be irrafi diradiated B03akndiganaeet 60 mm om ey eye less\i3@sdwardtheafrbight

b d Awidth and.a 15 t f slit 1304 h
Chat 11 ghtanmis e, il seinbeRlS e PR elet drpthiutr et sgpesacsdndhe”
bl ocked apgdt %?@ftﬁ)l?ﬁé fe ﬂ?énlfafé%gﬂt”fllztﬁeﬁ)‘féf ﬁf%tr&é} € dhb68d éﬂfse% s139304 FQus.

sheet (square) shaped | aser avin eep enerqgy
di stri but ilorated ittt pomcdtns vidigitg of the sixfaciecst ﬁfadlizi‘tedSUFI@C@ showkehe
irradiated _1305. In this enbodinent, the slit is |located at a di stance of

2 mm f r omsht skt mdea. 1Nt Biexed: fizam e light ieem tlmd(sltl sides Wepridtiechndyat he
gir(rjaa(r:g%l Ip%gﬁfonl 8P ile siltgﬁ()«fp Elresge estucﬁ qggteldghtl l?esa?ris COr gsfpo?lg{]ngbt% tsheng:rllearrglyy
attenuation regions are blocked and thereby do not reach the surface to be irradiated
1305. Thus, sheet (square) shaped laser light having a steep energy density
distribution in end portions thereof is produced on the surface to be irradiated 1305.
In this _embodiment, the slit is located at a distance of 2 mm from a substrate. Note
20 that, even when the slit is replaced by the mirror, linear laser light or sheet shaped
laser light can be similarly produced.
When such a laser irradiation apparatus is used, uniform annealing can be
- conducted for the surface to be irradiated. For ecxample, when annealing is
conducted using a semiconductor film as an object to be irradiated, it can be

25 crystallized, crystallinity can be improved to obtain a crystalline semiconductor film

having uniform crystallinity, or an impurity element can be activated.

[Embodiment 4]

In this embodiment, the case where laser annealing is conducted for a large

30 area substrate will be described using FIGs. 6A and 6B.
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When such a |l aser irradiation apparatus is used, uniform annealing can be
conducted for the surface to be irradi ated. For exanple, when annealing is
conducted using a sem conductor filmas an object to be irradiated, it can
be 25 crystallized, crystallinity can be inproved to obtain a crystalline
sem conductor film having uniformcrystallinity, or an inpurity el enment
can be activated. [Enbodinment 4] In this enbodinent, the case where |aser
annealing is cg’ﬁ%cl@é%f light having hegh Bomggeneityipt epansigy density tepraduced
usi ng FlI B, .18 First, r l.igh avi ng hi,gh honogeneity of an
ener gy dﬁ\%ié}%;eofds}%ﬁgo‘ghtée%fly ioﬁea@?ﬁ%‘ffi}ﬂaﬂhﬁ ﬁ&'on el d %ﬁ? 13 to
3. Then, i " ! j I i ; r u r at ile
rel ativel ;i/ﬁgﬁia]?e?igo l(ﬂlllzélgI(Euﬁrglgs%?)K.:él g\{'@éﬁ Eﬁé %]{I%‘?ﬁgv%lgngﬁﬁégﬁlﬁé%éer‘% Yt in
a | ongi t utimagla ngtcof e laserdigt ien lohgitadingl dikeliodl is Shbher tihdediaa of

substrate, sqo that entire annealing cannot be conducted by only scanning
in one di tR&HAs. arpgusubsiiatg, ssor depti ertiret anneativgnedimgt i be conductdcbyplamal
times while |aser. |ight.is.nov in.at | east .t directiqns, thereb
formng r 8§?‘8ﬂ§g p nm%n%h&?‘n&f% gﬂﬁﬁni‘ﬂ&s“{%‘ﬁﬁg 4'\%5 EranuLgs s &PBd%F‘édéH’ialt 0
each ot heginass $laWIadeR IfighPis nfifred" loght i

pr esent inlve'nti on h?as aglst%la%p engﬁg\;ﬁ¥gz{saé@iscﬁyecgﬁog ’rtlh%a%ﬁﬁg]ﬁgéﬁ%ghl%ns
por ti ons, iswiibiatheasdaanimisimng Bgeolightdre adpiceaeRpealtesther 35 SEOHALE FIG.

uni form anneal i ng can be also realized for the regions in which the

scanni ngs Odsi ndowsyer lrseghlighir produped bt theopresarit iavhetion Amsaa seepl ¢nerghe

| ar ge e substrate.can be . util.ized w,thout waste, thereby markedl

i mpr ov%g%ﬂ?%ﬁéﬁﬁﬂt"mﬁ% 1 @Hﬂd&ﬂ AY> S§) tIRt JHERBRHIN TGHIADS 38 P S@n%ﬁﬁ‘¥%t ive
mat ri X sublferahge i gni j i [ h-oeat i Bl Gs. . 10A. . A
substrate on whi éhélg%n@??gﬁtc%ﬂaﬁe 3r %@nlgggcfgrﬁhggrﬁgiog&pﬂgﬁu%lgr%‘gon
having a ¥ednmihgebsiagdaserslightage inRat toead ethdror 1eda tegi hRE 1h&eCatkhed
active matrix substrate for convenience. 20 First, a substrate 400 nade
from gl assubsietie g8n banitilized svidwiut waatee therelsys markedly improning ohosighpeiat e
glass is used in this enbodinment. Note that substrates such as a quartz
substrate, a silicon substrate, a netal substrate, and a stainless

substr @ € [Embodiment 5]

A method of manufacturing an active matrix substrate is explained in this
embodiment using FIGs. 10A to 13. A substrate on which a CMOS circuit, a
driver circuit, and a pixel portion having a TFT pixel and a storage capacitor are
formed together is called active mairix substrate for convenience.

20 First, a substrate 400 made from glass such as barium borosilicate glass or
aluminum borosilicate glass is used in this embodiment. Note that substrates such
as a quartz substrate, a silicon substrate, a metal substrate, and a stainless substrate
having an insulating film formed on the substrate surface may also be used as the
substrate 400. Further, a plastic substrate having heat resisting properties capable

25 of enduring the processing temperatures used in this embodiment may also be used.
Because this invention can anneal by using the laser light with a very excellent
uniformity of the energy distribution, the large area substrate can be used.

Next, a base film 401 made from an insulating film such as a silicon oxide
film, a silicon nitride film, or a silicon oxynitride film is then formed on the

30 substrate 400 by the known method. A two layer structure (4012 and 401b) is used
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having an insulating filmformed on the substrate surface may al so be used
as the substrate 400. Further, a plastic substrate having heat resisting
properties capable 25 of enduring the processing tenperatures used in this
enbodi ment may al so be used. Because this invention can anneal by using
the laser light with a very excellent uniformty of the energy

di stribution area_substrate can be used. Next, a base film 401
made from28nihe E? hﬁ‘ﬂr‘l”dnf ity thissgmhodimentsbug 2 singbxlager of itherpbavesientioned

nitride fi i1icQ n|tr|d fllmlsthe orrred on the 30 _

substrate Iﬁfg%atg[%g ﬁ@ \IIIES ﬁ%%/ﬂ%ﬁﬁ’ aK tavﬁ.‘Jr‘ICéVQrms"{’ igapeke thap twodayesorp) s
used 19 a:}alhﬁﬁtémﬁﬁ faldgméQded. n this ermbodinent, but a single |ayer of the
above-nentioned i nsul ating filmmay al so be used and a structure in which

more than two | Nyet seaieonduetirnayed 409/ tale® abe fomes oﬁ'QPEé baﬁmﬁon%&ﬁor
layers 402 to 406 are formed on the base film First al

seni condtlu®f 3t ﬁermmméuﬂ@r ida izformaedds ﬁmgmmkh(ckr(pfggmlnﬂ%/ ﬁego t%ﬂﬁﬁgnf? aby a
tt t met ho e pl'asma

é@%mmpﬁggﬁgwg‘ F’I?@“Iaqs &%}I" %ﬁ eﬁ{\f@ é‘gn%%ﬁﬁ‘éma}?r }DPCIWP. gethods tthe mlaﬁn? b%/ha

I I f I b on a e

| aeer || gD e Rl 2R ey, Then BB SbniloRhlor AR LRI O p e,

appl yi ng constadlizdtiorEmzokbdre nThe lasep cﬂystaﬂhzzﬁﬂﬁf fikthdtPis l‘hﬁi bhel RGer ﬁ%t %10&i

crystalli zatlon rret hod but also any other known crystallization
(RTA, theltomer e lasersdal appliad dn e heanicosilngon filmnaye appidapi nge olie

n rret d u5|n al enents _which pronote
crystat? | EAEmeRRy L 5 407 i oo n&s@k%hspﬁgyssalb@tmﬂm&m;hbuw@?
obt ai ned es orm. i,n order orm
OBt e ShY AL AR TGS fimf b0 (TR, ﬂwﬁ%&LwtalI‘mmﬁ
anor phous usisigni Gendes hmiea‘lid heathr b chfsyA gt G A HGh8 médal B]

gt
crystalline_  sem conductor film Alternatively, the sem cohduct or m nmay
be a conpditeh Pﬁ@ﬁptﬁoﬂﬂi&tﬂlbzatmﬂ) mMéagaisegbacoarmngh AR teshingCis Weefarudd @8 an

anor phous si I con niumfilm, 20 In this enbodi ment, plasma CVD net hod
i s uged t gwa semigondugior filmyinsg desirediform infeider todorm the

dehydr ‘Pﬂegé’thié?)ﬂdhétoﬁ’%f'é}ﬁrm @®U64) SThe semiconductor film may be an amorphous

semiconductor film, a micro crystal semiconductor film or a crystalline
semiconductor film. Alternatively, the semiconductor film may be a compound
semiconductor film having an amorphous structure such as an amorphous silicon
germanium film. 7

20 In this embodiment, plasma CVD method is used to form an amorphous
silicon film 55 nm thick. After the dehydrogenation is performed on this
amorphous silicon film (at 500 °C for one hour), the laser light shot from a
continuous oscillation YVO, laser with output 10W is converted into the second
‘higher harmonic wave by a nonlinear, optical element and then the laser light is

26 formed and irradiated from one of the optical system shown in Embodiment 1 to
Embodiment 3. At this time, about 0.01 to 100 MW/cm® (preferably 0.1 to 10
MW/ cm®) is necessary for the energy density. It is preferable to assume the puise
oscillation frequency 300Hz when the excimer laser is used, and to assume the laser
energy density to be 100 to 1000mJ/cm” (typically 200 to 700mJ/cm®). The stage

30 is relatively moved to the laser light at a speed of about 0.5 to 2000cm/s, and it
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anor phous silicon film(at 500 C for one hour), the laser light shot froma
continuous oscillation YVO4 |aser with output 10Wis converted into the
second higher harnmonic wave by a nonlinear, optical elenent and then the

| aser light is 25 formed and irradi ated fromone of the optical system
shown in Enbodinent 1 to Enbodinent 3. At this tine, about 0.01 to 100

MN cn? (pr.eferably O to 10 MVN_cnP) is necessary for the energy density.
It is preflglaaﬁ’it‘:ég’t%l‘%élﬁﬂwéh‘% Keygaitine sidicen| film  isnformeduerihe 3emitondoetort he

exci nmer | [ n Q sune.the | aser, ener density to be 100 to
To00m) o { s A2P e B8 SoliReR B ting A e B 505 asrsbm 1A nes ded
to the | agtiotdlitéb raph an&pegd of about 0.5 to 2000cm's, and it 20

i rradi ates, and then g’he crystalline silicon filmis formed. The

sem conductor Dayars @02 twery0smalle afmyuie dobdyard ity len@it (86:/dnn Gr
process tk;g{?eon by, using a _photolithography nethod. Doping of a very snall
amount of PR9SPhYyys) mpydicapreformashafser formime treceptioondctonsilihe 402 6 dOGEd

after forrgra\&ttokh%nﬁ%ﬁﬁalc‘g%n%dﬂéte%qfi I ms 402 to 406 in order to control a TFT

t hr eshol d. gate 1nsu i 407 is forned next, covering the

ool 5678 S SOOI DAl g,

an insulating film containing silicon wt

using pl asiid @VDIGG. sPuet gateninsuldidgn filhi S0MROdLARBA, bR & | hSQAGAKYRIH' | de
film havi %8 a.filmthickness of 110 nra (conposition ratios: S ="32% 0 =
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of course limted tg a silicon oxynitride film _but other insulating
films égntlgithsnf)%f)ﬁ%%rﬁ’ ﬁa%lilﬁ‘én lfg‘éfalti/ﬁeaélé’? E’@V%‘gl ayithm ghickpess of A mami on
st ruct ur e (cdnbif iobfsp-Sidad con_oxdgdenf LI4g; . ks _ s lel cam be formnmed
by pl as'mat((C::\/Dp %/{\nﬁ%ﬂergmr% x%%r“?jc?fr) ’ QI;O?@( Te raeﬂ{%yﬁﬁlﬁﬁiﬁ If{’%?‘gfyﬁasﬁﬁ, at
a react i olC'PPes Skheegaié instlatRey fitintih of bousLhot ligtied ©WSIRLH & yaatidh ram 300
to 400 'C, and by discharging at a high frequency (13.56 M—Iz)y el ectrié
pover dendiof Py ipselatipg Fllms/panriningsditonchay et esedsin & simse dagater in a

insulating_ filmcan be obtained by subsequently perform ng 20 thernal
anneal i ng?arg{n%lg%ﬁgﬁo and 500 'C, of the silicon oxide filmthus

15 Further, if a silicon oxide film is used, it can be formed by plasma CVD
with a mixture of TEOS (Tetraethyl Orthosilicate) anci O,, at a reaction pressure of
40 Pa, with the substrate temperature set from 300 to 400 °C, and by discharging at
a high frequency (13.56 MHz) electric power density of 0.5 to 0.8 W/em?  Good
characteristics as a gate insulating film can be obtained by subsequently performing

20 thermal annealing, at between 400 and 500 °C; of the silicon oxide film thus
manufactured.

A first conductive film 408 having a film thickness of 20 to 100 nm, and a
second conductive film 409 having a film thickness of 100 to 400 nm are then
formed and laminated on the gate insulating film 407. The first conductive film

25 408, made from a TaN film having a film thickness of 30 nm, and the second
conductive film 409, made from a W film having a film thickness of 370 nm, are
formed and laminated in this embodiment. The TaN film is formed by sputtering,
and sputtering of a Ta target is performed in a nitrogen atmosphere. Further, the W
film is formed by sputtering using a W target. In addition, the W film can also be

30 formed by thermal CVD using tungsten hexafluoride (WF;). Whichever is used, it
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manuf actured. A first conductive film 408 having a filmthickness of 20 to
100 nm and a second conductive film409 having a filmthickness of 100 to
400 ran are then forned and | am nated on the gate insulating film407. The
first conductive film25 408, nade froma TaN film having a filmthickness
of 30 nm and the second conductive film 409, nmade froma Wfilmhaving a

filmthickness of 373} nm. are formed and |anmnated in this enmbodi nent. The
TaN fi | m A3DPESHYY B es‘%h?tt‘ém%,the s Basomedornigsistangeia ordergotuse §t as a

per f or med | g er urther, .the W_filmisg formed b
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conpound of these 10 elenents. Further, a sem conductor film typica
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el ectrodes’ 16(1%3 ﬂﬂf’% %ﬁ?i né(gg a@ﬁg@? ?1?%%5 Eggegﬁisﬁ%ﬁr%gg@%@{oﬁgs ilgéaﬁ%ef‘# By
accor dancbewisedh, 4simay aaXpR#ECGoaldowt chi ng conditions (FIG 1013). An ICP

(I'nductively Coupled Plasma) etching nethod is used in this enbodi nent as
a first etchi ngl\’lc%élﬁﬁi“tlﬂom 4M5 pre fommed umext oiroBFresisCiRingnd ph&tolishaggaphps an

?222;2% 8§f6§h6(£egﬁ§§ '}s?"g"téﬁﬁgfpﬁé%sfﬁgt@%%rg;;%ﬁgfna&%@g t(ly\(/)fgﬁ:l%(:&g.():t’rodes and
15 wirings. The first etching processing is performed in accordance with first and

second etching conditions (FIG. 10B). An ICP (Inductively Coupled Plasma)

etching method is used in this embodiment as a first etching condition. A gas

mixture of CF,, Cl,, and O, is used as an etching gas, the gas flow rates are set to

25 125 : 10 (scem), respectively, a plasma is generated by applying a 500 W RF

20 (13.56 MHz) electric power to a coil shape electrode at a pressure of 1 Pa, aﬁd
etching is performed. A 150 W RF (13.56 MHz) electric power is also applied to
the substrate side (sample stage), thereby effectively applying a negative self-bias
voitage. The W film is etched under the first etching conditions, and the edge
portion of the first conductive film is made into a tapered shape.

25 The etching conditions are changed to a second etching condition without
removing the resist masks 410 to 415. A gas mixture of CF, and Cl;, is used as an
etching gas, the gas flow rates are set to 30 : 30 (sccm), respectively, a plasma is
generated by applying a 500 W RF (13.56 MHz) electric power to a coil shape
electrode at a pressure of 1 Pa, and etching is performed for approximately 30

30 seconds. A 20 W RF (13.56 MHz) electric power is also applied to the substrate
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20 (13.56 MHz) electric power to a coil shape electrode at a pressure of 1
Pa, and etching is perfornmed. A 150 WRF (13.56 MHz) electric power is

al so applied to the substrate side (sanple stage), thereby effectively
applying a negative self-bias voltage. The Wfilmis etched under the
first etching conditions, and the edge portion of the first conductive
filmis nade into _a tapered shape. 25 The etching conditions are changed to
a second &idh (Sﬁg"lR!@ ﬁtﬁg@i,dhembmﬂf&tctivcmm@gt hecgabicsteltbmk yoltafe.t OTAES. A
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of the tapered £ortigns i.s 10 from 15 to 45 . First shape conductive filns
417 to #2219 kx5 to dgnduéinst shapg senduptivg fiknu 423 toARP Garsd wondoetitec filme

films 417 Qr fr.om t fi conductive filns and

t he secong1 ltgggétﬂf%v%ﬁis{;%%béo cﬁggf'? fgfnse‘{]?l’ﬁ tﬂgﬁ{%&%@é% 1S flﬁé@%ﬁéﬁb‘@ the
nuner al 4¥gsdenahrsive MatCand e fid ' i ' t he
first shapesconduct ivve fi Izrlns 417§{Cgﬁ226;dngg%%ﬁ%ﬂ%lﬁ|§%kce}?égggg%%ﬁig%rﬁ%tcg%y 20
to 15 50 Referdmcouymaenk il Gglendies ecgme ietelhiing filmg eedsreizforishen deeefdr ppd

wi t hout rego i ng,the reéi st rrg;ks ((;FI G_100). Here, WTilmis selectively
etched byt %¥lﬁ§t shepe copductiyeyfibms 4id tod7e hecomathinzer byrepproxinatehe 20 the

second onglgh i, RREfng 28> to 433b are

A second etching process is then performed without removing the resist

masks (FIG. 10C). Here, W film is selectively etched by using CF,, Cl,, and O,

for the etching gas. At this time, the second conductive layers 428b to 433b are

formed by the second etching process. On the other hand, the first conductive

20 layers 417a to 422a are hardly etched and the second shape conductive layers 428 to
433 are formed.

A first doping proéess is then performed without removing the resist masks
and the semiconductor layer is added to the impurity element which imparts n-type
at a low concentration. The doping process may be performed by ion doping or

25 jon implantation. lon doping is performed with process conditions in which the
dosage is set from 1 x 10" to 5 x 10™ jem?, and the acceleration voltage is set
between 40 and 80 keV. Doping is performed in this embodiment with the dosage
set to 1.5 x 10" /em?, and the acceleration voltage set to 60 keV. An element
belonging to the group 15, typically phosphoras (P) or arsenic (As) is used as an

30 impurity element which imparts n-type. Phosphorus (P) is used here. 1In this case
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formed by the second etching process. On the other hand, the first
conductive 20 |l ayers 417a to 422a are hardly etched and the second shape
conductive layers 428 to 433 are formed. A first doping process is then
performed wi thout renoving the resist masks and the sem conductor |ayer is
added to the inpurity elenent which inparts n-type at a |low concentration
The dopin rocess, mpy be perfornmed by ion doping or 25 ion inplantation.

| on dopi nghﬁpgo ’Hgﬂféﬂer\ﬁ/i 2 torbtbagt domasks with respashite the frepudtyselgmens set
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is used hz‘%{e13 In this case 23 the conductive |ayers 428 to 433 act as nasks
wth re%p ‘to the inpurity element which inparts n-type conductivity,

d the | it i:ons_423.t0 427 formed in a self-aljgni .
The i npur i Ly el SHSneGhi EROVIRFAS fosiitypastiss nswaesdist amaskwed 4spist foge aeg ons
423 to 42 i QB ; 0" 20 [ C\B.
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fornmed, aten the Smscdoginopioegspr d@ﬁs&){iiﬁ% Repégormmet Witthptess 86kALiBhakh ON
voltage than the first doping rocegs. Ton doping is performed wth
process c8fidfh thsndosage iiechonnk xdb@ade 1ix 18&t/ci’pand the d@Berttion vXltid 5

/ , d.th | i i t bet n 60 d 120 keV. Th
dopt ot it B8 BAEECE! & R Bl IGET Ther doriGe srees dukstaried By crsensdby ¢ o
432b MB&dchdodth } ‘ r rt of the
(rrat conssemdnshdultive B SO 1O U3 B UE mdtRLhd th ScrhRBRLRRRE 1ot ok
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dopi ng process is done, and the state of FIG 11A is obtained. "l on dopi ng
15 is per FonHBEowly Hhprasselesatimnupitigmis lawarhd dhart bee dosagedopsinggirotessn 1 x
101759 ok oS S5 B AR B EBS R ane i
successi ofy S§fé@hed with process conditions in which the dosage is set from 1 x 10 to 1 x
10" /cm®, and the acceleration voltage is set between 50 to 100 keV. Low
concentration impurity regions 436, 442 and l448 which come in succession as for
the first conductive layer are added to the impurity element, which imparts n-type
within .the range of the density of 1 x 10" to 5 x 10" jem? by the second doping
20 process and the third doping process and high concentration impurity regions 435,
441, 444 and 447are added to the impurity element, which imparts n-type within the
range of the density of 1 x 10" to 5 x 10 /em®
Of course, the second doping process and the third doping process can be
one-time doping processes by making it to a suitable acceleration voltage and it is
25 also possible to form the low concentration impurity region and high concentration
impurity region.
Next, after removing the resist masks, new masks 450a to 450c made from
resist are formed and the fourth doping process is performed. Impurity regions

453, 454, 459 and 460, to which an impurity element which imparts a conductivity

30 type opposile to that of the above single conductivity type is added, are formed in
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the first conductive layer are added to the inpurity elenment, which inparts
n-type wthin the range of the density of 1 x 1018 to 5 x 1019 /CM2 by the
second dopi ng 20 process and the third dopi ng process and high
concentration inpurity regions 435, 441, 444 and 447are added to the

i mpurity elenment, which inparts n-type within the range of the density of

| x 1019 to 5 1021 [ C\R. OF course, the second doping process and the
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sem condué?%lronr’Qgéggg'%nﬁgﬂjﬁéggi Sgst ﬁ; gugﬂutsh{ gr ggfjnjt n the respective
15 The impurity regions are thus formed in the respective semiconductor layers
by the steps up through this point. '

A first interlayer insulating film 461 is formed next after removing the resist
masks 450a to 450c. This first interlayer insulating film 461 is formed from an
insulating film containing silicon, having a thickness of 100 to 200 nm, by using

20 plasma CVD or sputtering. A silicon oxynitride film having a thickness of 150 nm
is formed by plasma CVD in this embodiment. The first interlayer insulating film
461 is of course not limited to a silicon oxynitride film, and other insulating films
containing silicon may also be used, as a single layer or a lamination structure.

Recovery of the crystallinity of the semiconductor layer and an activation of

25 the impurity elements added to the respective semiconductor layers are performed
by irradiating the laser light, as shown in FIG. 11C. At this time, energy density of
the laser light is necessary about 0.01 to 100 MW/cm? (Preferably 0.01 to 10
MW/cm?), and moves the substrate to the laser light relatively at the speed of 0.5 to
2000 MW/cm®. Besides, laser annealing method, thermal annealing method or

30 rapid thermal annealing method (RTA method) and the like can be applied.
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A first interlayer insulating filma461 is forned next after renoving the
resist masks 450a to 450c. This first interlayer insulating film461 is
formed froman insulating filmcontaining silicon, having a thickness of
100 to 200 nm by using 20 plasma CVD or sputtering. A silicon oxynitride
filmhaving a thickness of 150 nm is forned by plasma CVDin this
enbodi nent. The first interlayer insulating film 461 is of course not
limited to a siliurdsn @xyert rireidment rproaess andyeralsmshe gicrfuynfedl iefore the
as.a single layer or, a lam nation

containing silico al sq be used,, as. ;
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2000 MW cn2, .B slides, | aser _anneal i ng nmet hod, thermal annealing nethod or
30 rapid ?%?}W&F eaﬁﬁé‘éﬂﬂﬁ&“’r?é’ﬁﬁ@ﬁ“‘(- RTA nethod) and the |ike can be applied.
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exanple a. si]Jicon pitride film in order to protect the wirings and the
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film material or from an organic insulating film material is formed next on the first
interlayer insulating film 461. An acrylic resin film having a film thickness of 1.6
#m is formed in this embodiment, and the material used may have a viscosity from
10 to 1000 cp, preferably between 40 to 200 cp. A material in which unevenness

20 is formed on its surface is used. |
In order to prevent specular reflection, the surface of a pixel electrode is
made uneven by forming a second interlayer insulating film which forms an uneven
surface in this embodiment. Further, the pixel electrode surface can be made to be
uncven and have light scattering characteristics, and therefore a convex portion may
25 also be formed in a region below the pixel electrode. The formation of the convex
portion can be performed by the same photomask as that for forming the TFTs, and
therefore it can be formed without increasing the number of process steps. Note
that the convex portion may also be formed appropriately on the substrate of the
pixel portion region except the wirings and TFTs. In this way, unevenness is

30 formed in the surface of the pixel electrode along the unevenness formed in the
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filmmterial or froman organic insulating filmmterial is fornmed next on
the first interlayer insulating film461. An acrylic resin filmhaving a
filmthickness of 1.6 ,amis formed in this enbodi ment, and the materi al
used may have a viscosity from 10 to 1000 cp, preferably between 40 to 200
cp. Amterial in which unevenness 20 is fornmed on its surface is used. In
order to prevent specul ar. reflection, the surface of a pixel electrode is
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pi xel portj D regi on except the wirings and TFTs. In this way, unevenness
is 30 for in the surface of the pixel electrode along the unevenness
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formed ;by (Ff@. pg)t_terni ng and formwiring
Furthermore, a pixel electrode 470, a gate wiring 469, and a connection
electrode 468 are formed in a pixel portion 507. An electrical connection is
formed with the pixel TFT and the source wiring (lamination of 433a and 433b) by
the connection electrode 468. Further, the gate wiring 469 forms an electrical
20 connection with the gate electrode of the pixél TFT. The pixel electrode 470 forms
an electrical connection with the drain region 471 of the pixel TFT, and in addition,
forms an electrical connection with the semiconductor layer 459 which functions as
one electrode forming a storage capacitor. It is preferable to use a material having
superior reflectivity, such as a film having Al or Ag as its main constituent, or a
25 lamination film of such films, as the pixel electrode 470.
A CMOS circuit composed of a n-channel TFT 501 and a p-channel TFT 502,
a driver circuit 506 having an n-channel TFT 503, and the pixel portion 507 having
a pixel TFT 504 and a storage capacitor 505 can thus be formed on the same
substrate. The active matrix substrate is thus completed.

30 The n-channel TFT 501 of the driver circuit 506 has: a channel forming
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15 (FIG 12). Furthernore, a pixel electrode 470, a gate wiring 469, and a
connection electrode 468 are forned in a pixel portion 507. An electrical
connection is formed with the pixel TFr and the source wiring (lam nation
of 433a and 433b) by the connection electrode 468. Further, the gate
wiring 469 forns an electrical 20 connection with the gate el ectrode of the
pixel TFT. The pixel electrode 470 forns an electrical connection with the
drai n r egie@m 78 75 the nlovp seacertmtionnmpunity depionoA36 (GORD angienycihictal

connectio .t h em. condugt or | ayer 9 which functions_as one

el ect rode&%}ﬁaﬁsn‘%ﬂﬁ t@f’@“ﬁg@"ﬁ@b@ﬂ’i‘?’t@ cr fég? 403, SruGumss @ pertipneof, thmgets al
having s @S- Lt R& thi ¥k t : AS L: ' s its main
constit ueé%[tE ?&%gé’aél%%ﬁflg arl1$’/ llrllacib PS%HW,IO?%S blﬁpé%w@%ﬂrlm%ziwﬁﬁ%%gpéé NSef¥& r ode
470. A CMoBrcé regioh ot anhadecegitn.a The paci@neTMFRTONL, s ch Brad v eMos

TFI' 502, a driver circuit 506 havi ng an n-channel TFT 503, and the pi xel
portiort SOvCHaWHRY the pi-skanmeETTBD45@hdand sther elgetrodpadtd dry 506 etedtrichlus be

fornmed on_.the sa substrate. .The actiyve éri ubstrate is thus
conpl et ea‘?"%"%ﬁ% Harf @pnei,;forng@g rSgl‘i’tnhg3 Jri@f'eio‘é’i pRugeNtRbieNHEBPUTALY

h | f | ' wiki i.on i [ I 63i,0",. 436
(GOLD ok By Wi RO aPpRAL iR o A PERTAS FHRRrRLG Bl S22 Mnds
struct ur esimectpes ta purtiof of ke gateelectiotiel hdittie WBH coherttt A RRAGENYRE RN

impurity region 452 which functions as a source region or a.drain region.
The p-ch whielr fgnctiongisch spwicrsregion GVDSIrsincicgian.t Farther e n-chhaneke!

T Ol 2 T e AR S, Lol ESRLSELN R (e dan™
[£9,0m Wi omyer) aag \PhCafah, SERCHEL 1S, kNRTa S hon
e Togims RILONCEIL LSS ot an HRNEE SR MAIRSERH O
| ow concefrd whidnfunepons ay asegicemegivndr(aGibi regipmn) whi ch overl aps with
the first conductive 430q thay _structures a portion of the gate
el ectrode; and §lﬁPgﬁ¥ﬁI0%Q£H?F% PEs! PRPIAN h3s: deghasmel fomning; ieBITUIASSS ons
as a SQUI§e 1bRIESeRratofl itpiritE 9o 8B 445 (LDD region) formed on the outside of
the gate electrode; and the high concentration impurity region 458 which functions
as a source region or a drain region. Further, an impurity element which imparts
n-type and an impurity element which imparts p-type are added to the
semiconductor layer which functions as one electrode of the storage capacitor.
20 The storage capacitor 505 comprises an electrode (lamination of 432a and 432b)
and the semiconductor layer, with the insulating film 416 functioning as a dielectric.
Edge portions of the pixel electrodes are disposed so as to overlap with
source wirings such that gaps between the pixel electrodes shield the light, without
using a black matrix, with the pixel structure of this embodiment.
25 An upper surface diagram of the pixel portion of the active matrix substrate
manufactured by this embodiment is shown in FIG. 13. Note that the same
reference symbols are used for portions corresponding to those in FIGs. 10A to 13.
A chain line A-A” in FIG. 12 corresponds to a cross sectional diagram cut along a
chain line A-A’ within FIG. 13. Further, a chain line B-B’ in FIG. 12 corresponds

30 to a cross sectional diagram cut along a chain line B-B’ within FIG. 13.
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The pi xel TFT 504 of the pixel portion has: a channel form ng region 446;
15 the |l ow concentration inpurity region 445 (LDD region) fornmed on the
outside of the gate electrode; and the high concentration inpurity region
458 which functions as a source region or a drain region. Further, an
inmpurity elenment which inparts n-type and an inpurity elenent which
inparts p-type are added to the sem conductor |ayer which functions as one
el ectrode of the storage capacitor. 20 The storage capacitor 505 conprises

an el ectr[)‘gﬁ ] ion of 432a and 432b) and the sem conductor | ayer,
with the nsBF’g@‘lﬁ‘gﬁ]i | m 416 functioning as a dielectric. Edge portions of

the pixel el ectAGHesesl 6f fanReaesk ; t r Ge A T such
t hat gaps bet Wee%ﬂt he pi xelaﬁgl ect r“?) ggl%sf%?g%q?%%ﬁﬂ%i?rﬁgmﬂtﬁgﬂw %‘%ﬁﬁ% a
bl ack mat fioxy the adtiviehmapix slbsstatei atanuéacviretiih Lebddidiant Btis eXDlaedBERV W
surface dja r,amm%c;f the pixel Eor'tion of the active matrix substrate

manuf act uFedIH§mbRAENEHY o diledd is yseshinheesplanaion3. Note that the same

ref erence synbo re used.for rtions,corres ing,to those in FlIGs. 10A
to 13. . A chai r{l‘ﬁi%éﬁ&- R?aq A H“%ﬁa%z R Jhf P nggr}ﬂgfalérlés rsf cbtailsg) 1n
di agr am cg¢coril ithCR& | - MY : . I ip line
13053 | ERIAE dith r%@é’g’ﬁg&&%@ %%\ég%?%lgg{:?&}t?ﬁ?né{ *Hé%gﬁ’r%ﬁc‘?ﬁ%?%aﬁb a
chai n | i nthelBixeB'eladttauiend F) Gn th. adive® [rardde dub@nite @If Gr 0Zesid Qf rubbing
manufacturing a reflection type liquid crystal display device fromthe
active nmaPFI%Ss %W?fﬁf@eﬂanﬂz)é%tthﬁﬁe@emfe wongrehe abignmeax dfilai 06d inethisv 5
inthis, e birent,. F.G 14 is u .in the explanation.. An_active matrix
substr ;f{{ eg}lﬁﬁgflﬁge%tt 5P narflarﬁpécerlgsg ds 2?‘?”%‘?‘1 HBBE?IFF%?PWIO% O3y ppikERing am
Enbodi nen i ki ! - f I pi xel
bl‘ m@fbsﬁ{ fl%[r%ﬁ'éh faé 'aH‘arE lld SEI{]ﬁ agl;dn@rg éﬁ&al%{,tl 05_ n%Stto mtd‘gng;il

el ectrode 0 on the active nmatrix substrate aru ga

process i gapéefweaesubsiiates. t HairthdpefsiesichD sMaRgspaersatniagnaTed bef dikHtR@dd i n
this 10 enbodi ment, columar spacer 572 is forned in deSired positions by

pat t er ni ngvVeirthe spgEmswriaceselrfhe snbstrase @b asubsiftutecioy Ithe colwsamarfsphearand t he
li ke, in order to maintain et ween substrates. . Further, spherjcal
shape spacers ré@OQPg%‘“Séung%‘giaﬂ?ﬁﬁb&PfeB%@a negk eﬁg‘f’FqIElgs[’i’rYfeh%%m)Pngﬁg 1,
Subst I af eafd adleSblnsd Filkl §73 Qe G PG, (RPAPFOSing substrate 569. The red

coloring layer 570 and a blue coloring layer 571 are overlapped to form a light

shielding portion. Furthermore, the light shielding portion may also be formed by
overlapping a portion of the red coloring layer with a green coloring layer.
The substrate Shown in Embodiment 5 is used in this embodiment.
20 Therefore, with the top surface diagram of the pixel portion of Embodiment 5
shown in FIG. 13, it is necessary that, at least, the gap between the gate wiring 469
and the pixel electrode 470, the gap between the gate wiring 469 and the connection
electrode 468, and the gap between the connection electrode 468 and the pixel
electrode 470 be shielded from light. Each of the coloring layers are arranged
25 such that the light shielding portions made from the lamination of the coloring
layers are formed in positions that must be shielded from light, and then are joined
to the opposing substrate.
It is thus made possiple to reduce the number of process steps by performing
light shielding of the respective gaps between the pixels by using the light shielding

30 portions, composed of the laminations of the coloring layers, without forming a
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An opposi ng substrate 569 is prepared next. Coloring |layers 570 and 571,

15 and a leveling filmb573 are then forned on the opposing substrate 569.
The red coloring layer 570 and a blue coloring |ayer 571 are overl apped to
forma light shielding portion. Furthernore, the |ight shielding portion
may al so be fornmed by overlapping a portion of the red coloring layer with

' . .Th b h .Enbodi S i d i hi

emboa ment et sBeHiBE T 180 3E A Wik Pask G0 G agr am of the pixel |
[ f Enbogy i PN t .., afb.. | t,
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| ayers ar PPEFSUPFIONBE i ons that nust be shielded fromlight, and then

joined t i te is th ible.t duce
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portions, conposed of the m nati ons of the coloring layers, w

form ng a/2diller ghmised &l tierngaling enateriehS68; andithe tlo sabitratesl atdioihddcahildn
opposi ng el ect r.ode 576i/_fmade froma transparent conductive filmis forned
on the | ed%i“i“i?dmf“igl IBHOIE, AP Uy agcosdanaenkith;the Lillss randothe coptumppy spagers.f i | m
574 is jpor € L rf.age of . osin bstrate, an
L T S DN

pi xel - por tsubstraesl ath eofipltely Sdaledby ushi® af QLR i i

substrate are then joi ngd b);/ aaseal |S’nug rr%taeri al é%gtﬁ%&ﬁi]ﬁ?ﬁg??@ﬂ%xe% in
‘the seal i kgowat bguid crggg] matetidlhmay he used Sorr e diyudd erysvilnagtenial 585. The

mai nt ai ni ngﬂa uni f or 3@‘&' n accQrdance with the filler and the col umar

spacers. I1BURCHIRINRE ystiaritnlay dsyece shawedn ifiGechdets Hutsveamplsted
P g MO SR B 4P P TR o
the 1iqei df aeoesbaly. M @ddRlon? 4polditing plate (not shown in the figure) is attached to
only the opposing substrate. An FPC is then attached using a known technique.
Liquid crystal display device made by above-mentioned method has TFT by
using the semiconductor film thoroughly annealed because the laser light with a
very excellent uniformity of the energy distribution is irradiated. Tt is possible to
20 become the one with enough operation characteristic ;dIld' reliability of the above-
mentioned liquid crystal display device. Such a liquid crystal display can be used
as a display portion in various types of electronic equipment.

Note that it is possible to freely combine this embodiment with
Embodiments 1 to 5.
25

[Embodiment 7]

In this embodiment, an example of manufacturing the light erﬁitting device
by using a manufacturing method of TFT that is used for forming an active matrix
substrate. In this specification, the light-emitting device is the general term for the

30 display panel enclosed a light emitting element formed on the substrate between the
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reflection type liquid crystal display device shown in FIG 14 is thus
conpleted. The active matrix substrate or the opposing substrate is then
cut into a desired shape 15 if necessary. In addition, a polarizing plate
(not shown in the figure) is attached to only the opposing substrate. An
FPC is then attached using a known technique. Liquid crystal display

devi ce made by.aboye- nenti d nethod has TFT by using the seni conduct or
filmt hor%’fﬁ’éﬁla}‘?é}f S b e, SOven g aodgit the eforgsaidedisplaycaodaln

SR S e e o S e to 20
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i
di splay can be used as a display portion in various types o ctronic
equi pnent 0bRbies bhapplying enpdectiiblfeld ¢a lumiousdmdyi)nen thode, embioglicagtewi t h

Enbodi rgtanw 1 to 5..25 1[eErrbfdiment 7] In this enbodiment, an exanpl e_ of
manuf act uMfSgIRE: | thgneleekplumiggscsage ci copeynd ginelydasy fhe light nemissiood of

TFT that } 1.1 Eor m . LV i substrate. ILn this
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bet \R/ee% !to he 30 a otr es a?ld ns(ggstpr}??éegcgggg%iﬁg%ggeté?ﬁ]ﬁ%ggg?@ﬂghg?[tllgl%?ﬁgé&f%a
af or esai dstéiestol thy gnexend statee (ndlpdied afiF hriiotinof hightaémisemal d di spl ay panel .

Incidentally, the Jight, emttin el epent has a | ayer including a conpound
in which an el dBdPS S%Wﬁgéggﬂc@?%f‘b@mm'%ﬁtW§@l awiwamfbﬂwncaéh@dﬂnﬁi c

field fe BUTaRss 8000 e AlnPIRIRnA0g 8 GRYDRIEH AR T Surb S cenceont

el ectrol um nescenc ound rnclu

li ght) uplfer,ahthdle thibERn 1dyer,Sthe P1&irddiC idiBtic Blyer.! @e e aggg)}]ﬁttﬁiecﬁ{ e

and the |light em ssion (phosphorescent |ight) uponreturning
triplet-ebyet,eand sheaetectmnidhéragspenaticat dyer, etec lanelicogcgmlyoinchaldd bf thd ght
em ssion.. In thig specification, all l|ayers forned between the anode and
the cat ho@@ngus i@q?’he Thenlwamesprnceeelsment hasicallsf haretheastiunre uhiinthes

Do Thef A IR i MR B A e B SsbHR
15 laminated. The structures laminated in order of the anode layer, the hole injection
~ layer, the luminescence layer, the cathode layer, the anode layer, the hole injection
layer, the luminescence layer, the electronic transportation layer, and the cathode
layer, etc. in addition to this structure are occasionally possessed.
FIG. 15 is a sectional view of a light-emitting device of this embodiment. In
20 FIG. 15, the switching TFT 603 provided on the substrate 700 is formed by using
the n-channel TFT 503 of FIG. 15. Consequently, concerning the explanation of
the structure, it is satisfactory to refer the explanation on the n-channel TFT 503.
Incidentally, although this example is of a double gate structure formed with
two channel regions, it is possible to use a single gate structure formed with one
25 channel region or a triple gate structure formed with three.
The driver circuit provided on the substrate 700 is formed by using the
CMOS circuit of FIG. 12. Consequently, concerning the explanation of the
structure, it is satisfactory to refer the explanation on the n-channel TFT 501 and p-

channel TFT 502. Incidentally, although this embodiment is of a single gate

30 structure, it is possible to use a double gate structure or a triple gate structure.

31




| ayer, and the electronic transportation |ayer, etc. are concretely
included in the |um nous body. The | um nescence el enent basically has the
structure that the anode |layer, the |um nescence |ayer, and the cathode

| ayer are sequentially 15 | am nated. The structures |lam nated in order of
the anode layer, the hole injection layer, the |um nescence |ayer, the

I t he |
ayer, the ol eoMFanRRE; thE¥Birngs: QAT ifase v%ﬁtaé SRBrCEHGES o?gpé?éﬂ‘&fée”?ﬁ
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I nci dent a t hou s enbodi nent is of a single gate 30 structure,
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circuit W T ng aln W ring. Meanwhil e, aW|r|ng 704

serves as a Wi M&ﬁwﬂmeﬁltﬁ@t\ﬂrﬁ@ 796 Ci@%“ﬁﬁirc@%ﬂﬁ%”of fife éﬂ’ﬂéxﬁeccéitfdl

‘and the source region of the switchi ng TFT while“the wiring 705 serves as
a wiring 084 e(lcenmpcmlumg/tccamuacnt sﬁppﬂgtlm@mfmmetmrmrmgwm ngametectdodedoai n

regi on of .the switching VE | C|dentall a current control TFr 604 is
fo?rred by PGsPKGt ff‘ﬁ‘@ %‘%%Féf to 1ihe B’G@ slegtrade 721 o hsdeg evieripid @oﬁ@éﬁﬂni ng
t he expl a t s satisfactory to refer to the

expl angtl ggé%%@?ﬁ}gl dﬁ g%ﬁeﬁﬁ%ﬁn{%?ﬁ ncidentally, although this

enbodi ment is ofM@arﬁﬂﬁﬂJ &7 KRR aShixel leWctrode! (duddBAHSh Uil dnitiifiy 1AL ®

10 gate structure or a triple gate structur

formed by a transparent conductive film. As the transparent conductive film can
be used a compound of indium oxide and tin oxide, a compound of indium oxide
and zinc oxide, zinc oxide, tin oxide or indium oxide, or otherwise may be used a
transparent conductive film as above added with gallium. The pixel electrode 711
20 is formed on a planar interlayer insulating film 710 prior to forming the WIrings.
In this embodiment, it is very important to planarize the step due to the TFT by
using a resin planarizing film 710. A light-emitting layer to be formed later,
because being extremely small in thickness, possibly causes poor light emission due
to the presence of a Step. Accordingly, it is desired to provide planarization prior
25 to forming a pixel clectrode so that a light-emitting layer can be formed as planar as

possible.
After forming the wirings 701 to 707, a bank 712 is formed as shown in
FIG. 15. The bank 712 may be formed by patterning an insulating film or organic

resin film containing silicon having 100 to 400 nm.

30 Incidenially, because the bank 712 is an insulating film, caution must be
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Meanwhil e, the wiring 706 is a source wiring of the current control TFr

604 (corresponding to a current supply line) while the wiring 707 is an -

el ectrode to be electrically connected to the pixel electrode 711 by being
overlaid a pixel electrode 711 of the current control TFT. 15 Meanwhil e,
711 is a pixel electrode (anode of a light-emtting elenent) forned by a

t ranspar ept: Lve film th ransparent. conductiye filmcan be
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thic kng’?s %“5188%& B WOXQ%S%E"’%SEB’HW ‘P%ﬂt" {a(?ﬁfeéi 6r18d 1@m (refarablyrlex difiddodix a

st ep. Accgggt!’ig@g{)y, it is desired to provide planarization prior 25 to
formng a pixel “electrode so that a light-emtting | ayer can be forned as

pl anar as possiblenindiis ®odyor 1B hofdrirdw IRIFixEP bldchodB 7112 HABKCARAY. S
formed as shown in FIG 15. The bank 712 may be forned by patterning”an

i nsul at i nglthough dHGorlgashewsr egliynohe | pixelorthisi einbgdantiitcsapanatelyndortRd the 400

30 Ingjdentally b the bapk 712 i i nsul ating fil ti
must be a0BEOYS Pgly coReepoadiagly L the resbastiusicalam lul (3g).de desond end B

sl o ng T YEUEFAL P ABRARRER £ 16rBb T RpBR M fiateieRy Sbanic
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15 layer. The color of emission light can be controlled by adding a fluorescent
pigment, such as quinacridone, perylene or DCMI, to Algs.

However, the foregoing example is an example of organic
electroluminescent material to be used for a phosphor and not necessarily limited to
this. It is satisfactory to form a luminous body (layer for light emission and carrier

20 movement fherefore) by freely combining a light-emitting layer, a charge
transporting layer and an electron injecting layer. For example, although in this
embodiment was shown the example in which a low molecular weight organic
electroluminescent material is used for a light-emitting layer, it is possible to use an
intermediate organic electroluminescent material and a high molecular weight

25 organic electroluminescent material. In this specification, an intermediate
molecular weight organic material can be defined that an aggregate of an organic
electroluminescent material which does not have subliming property or dissolving
property (preferably, an aggregate which has molecularity of 20 or less), or an
organic electroluminescent material (referred to as intermediate molecular weight

30 organic electroluminescent material) which has a molecular chain length of 10 pm
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10 (blue). Meanwhile, in this enbodinment is forned a | ow nol ecul ar wei ght
organic electrolum nescent material by the deposition process.
Specifically, this is a lamnation structure having a copper

pht hal ocyanine (CuPc) filmprovided in a thickness of 20 run as a hole
injecting layer and a tris-8-qyuinolinolato alum num conplex (Algq3) film
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specification, an‘internediate no u organic materia
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does not have sublimng property of dissol vi_ng property (preferabl an
aggr egat eclggirelnminssemnt aaateeakstoy inorgaoicomatesisls) andre mhnowganiterial.
el ectrolum nescgnt material (ref.erred, ta as..internedj ate nol ecul ar wei ght
30 or ggdni c el ecﬁ}&’uﬁ'r?%ég@%#élr?étae?qr%ﬂuf“ﬁﬁi’&w Ragoyided aac thedpmipapn bpdngt h
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pol yt hi ophed &itkiREDOTDS colirseph kABwnWig/se fiﬁhf(ﬁﬂo?}filfﬂ’l@f ARG OR! AdPsifRlyod
as a hole injection Ie%qepr and the lamnation structure Installing

par apheny iy baytsede (Ap\ie ofathasteumat@dalnmagnbe tussdas @nidugtive diliot tafngn

| ayer may pe ﬁqﬁ d. The |l um nescence wave Iength an be selected fromred
to bl ue bYTTRGIMETE Bt doRtoskc-HR SpiRdubad. 6F apanductive b ladded ¢ | s
possi bi® {RHUSRKH él@ﬁ{eﬁﬁni c material such as silicon carbide for an

el ectron transporting layer or charge injecting |layer. These organic

A light-emitting element 715 is completed at a time having formed up to the

cathode 714. Incidentally, the light-emitting element 715 herein refers to a djode
formed with a pixel electrode (anode) 711, a light-emitting layer 713 and a cathode
714.
20 It is effective to provide a passivation film 716 in such a manner to
- completely cover the light-emitting element 715. The passivation film 716 is
formed by an insulating film including a carbon film, a silicon nitride film or a
silicon nitride oxide film, and used is an insulating film in a single layer or a
combined lamination.

25 In such a case, it is preferred to use a film favorable in coverage as a
passivation film. It is effective to use a carbon film, particularly DLC (diamond-
like carbon) film. The DLC film, capable of being deposited in a temperature
range not more than 100°C from room temperature, can be easily deposited over the
light-emitting layer 713 low in heat resistance. Meanwhile, the DLC film, having

30 a high blocking effect to oxygen, can suppress the light-emitting layer 713 from
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el ectrolum nescent materials or inorganic materials can be a known
material. 10 Next, a cathode 714 of a conductive filmis provided on the

| um nous body 713. In this enbodinment, as the conductive filmis used an
alloy filmof alumnum and lithium O course, a known MJAg film (all oy
filmof magnesium and silver) may be used. As the cathode material may be

250 3, oPAubnkS, e bShorh, 50 BHVIea S BARuloh cdn WruRERhRTE dE TR P
| i ght-em Ehﬁﬁilil#?:ag&eﬁ?: gﬂéng ﬁ‘%ﬁg@g?ﬁ‘? Ir@césb”e having formed up to the

cat hode 714. ental l'y, e ng el enment 715 herein refers to

a diode fornedFutthérmome, aeleakineatbor dd 7(ispeceitied bh, the pakgirhtienrtllii b tayer
713 and a cathode 714. 20 It is effective to provide a passivation film

716 in subpnd aneowesmemberdhpl eFer yhecsnabmernker 7hhusashinayi by ae (udimaviolerd5.

The passivation film716 i Jormed by an insulating filmincluding a.

car bon $i Fﬂ's‘?} SPc lf‘]ie#r%fﬂge 9 !g;;pg%eégegeilq iaﬁ,"“d‘&r’s %P?im“&?ld“@fgffﬁgﬁ?ﬂ%nd
used 15 aBeeRsl abl Afibkidthi Rl "WeBnbAME! iP ihd oHBRRINGR. BRAlIQR, 25
In such a case, it is preferred to use a Ti1mfavorable in toverage as a

passi vat i eferibdi18 dseidsis af fleat dubetrh@, YasrtAseatiaeof plastic Pabdtitd (intlhudiddC
(dianond- |ike carbon) film The DLC film capable of being deposited in a
t enper at ueeplastimbiémp davingr earbha dilzeo@réfcorhly diamoedrbikeatarben fdms) erreedi | y

deposited over,the Light-emjting layer 713 |low in heat resistance.
I\/Egnv\hi I epnttﬁ%bgﬂtsqrch%ﬁtlppargp g 38 a Ki gh bl ocking effect to oxygen, can
suppre the Ii zemtti 13- 1.0tZ] . the
o1 obl oty of | oxi dat e abldids koY lenbitd i ooP Hadl e, Bl RS RN p

during t hgIGolibowingdemallypit ¢ efBctiveifd bnitiimobeslyTapSobut oAt feldadisg to
provi ded on the passivation film716 to bond a cover nenber 718. For the

seal nmenb#he Firthepedcessyo ferma passivation fidn-71% after-foanings bank 712 by using
ef fective té) provide therein a substanlgze havi ng a, hygroscopic fect .or an

f
ant i oxi daft <gPrilion. annBiHTR Pf 8 My Ib ASBemAAE n-es seifanehy el adctipnyr
718 used S@iﬂ?‘f@rﬁ&%@%ﬁ%@ﬁt% idP8LdiBle P RLE Y RIASLECuRYRBHER & to

(i ncludin
15 bonding a cover member 718, without release to the air.

In this manner, n-channel TFT 601, p-channel TFT 602, a switching TET
(n-channel TFT) 603 and a current control TFT (n-channel TFT) 604 are formed on
the substrate 700.
Furthermore, as explained using FIG. 15, by providing an impurity region
20 overlapped with the gate electrode through an insulating film, it is _possible to form
an n-channel TFT resistive to the deterioration resulting from hot-carrier effect.
Consequently, a reliable light-emitting device can be realized.
Meanwhile, this embodiment shows only the configuration of the pixel
portion and driver circuit. However, according to the manufacturing process in
25 this embodiment, besides these, it is possible to form on the same insulating
member such logic -circuits as a signal division circuit, a D/A converter, an
operation amplifier, a y-correction circuit or the like. Furthermore, a memory or
microprocessor can be formed.
The light emitting device formed by the above-mentioned method has TET

30 formed by using the semiconductor film thoroughly annealed, because it is
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a plastic film having carbon filns (preferably dianond-1ike carbon fil ns)
formed on the both surfaces thereof. 10 Thus, conpleted is a
light-emtting device having a structure as shown in FIG 15.
Incidentally, it is effective to continuously carry out, wthout releasing
to the air, the process to forma passivation film716 after formng a

bank 712 b sj.ng,.,. a;depqgsi,tion arat us of nmul t.i.- chanber sghepe (or
-1 i ne. s Eiadiated” the” Lirgl dedy, that B8R 5 ey eceflin whifiem snerex digsbugive. ¢ o
cont i nuougihyrégafd, ¥n@Ubotd enentiiBhES HighRchliti |Gt ine A AR
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TFT 602, shaabtetistiogndREliabilitphaBneh aTlight e dedice Waney us@nhd Alspldy!
(n-channel TFT% 604 are formed on the substrate 700. Furthernore, as

expl ai nedPags g variays alsctrpyicmquipménts. an i mpurity region 20 overl apped
wth t gate electrode . through an ipsulatfjng film it is possible to form
an n-channel TFETEER ?4%@83@%?@&3@?% e gk M@W@nérbﬁﬂiot-carri er
effect. Consequently, areliable light-emtting device can be reali zed.
Meanwhi | e, this enbodi ment shows only the configuration of the pixel
portion afE@mdodisent@d]rcuit. However, according to the manufacturing process

in 25'this enbodi nent, besides these, it is possible to formon the sane
i nsul ati ng menbdarious semigirductor devices factivesimghiak tyipe ilgjudd arystaludisplay D/ A

converter,, an operat iagrpl a%I ifier, a.y-correction circuit or the |ike.

Fur t her moP&VI%E jnafx type light-soutiity devige s schiveematpn&ype E&t display i ng

devi cejf o ' : T 30, fornrd using the

sem con_duc[::‘tggfgeij }\f?ﬁm&? E%%%Rﬁ%hﬁggﬁé%&egg%a@gémg e ss?,%lﬁ?@d itE%/BEFSF’Hg -
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Therefore, the above-nentioned light-enmtiing device’is obtained enoug[h

oper at i on¢legtraremicat device imimgormirawdiihiatdisplswphrtiod.i ght emitting devi ce can

be used as di Sps(ﬁéﬁ‘ ]garts. of various el ectronic equipnents. This enbodi nent

can be freely c REGIOMA RPN S Wdeo camsra, pehigiel Gaseragg projector, a
head-mounted display (goggle type display), a car navigation system, a car stereo, a

15 personal computer, or a mobile information terminal (such as a mobile computer, a
mobile telephone or an electronic book). FIGs. 16, 17 and 18 show one of its
examples.

FIG. 16A shows a personal computer which includes a main body 3001, an
image input portion 3002, a display portion 3003, a keyboard 3004 and the like.

20 The invention can be applied to the display portion 3003,

FIG. 16B shows a video camera which includes a main body 3101, a display
portion 3102, a sound input portion 3103, operating switches 3104, a battery 3105,
an image recetving portion 3106 and the like. The invention can be applied to the
display portion 3102.

25 FIG. 16C shows a mobile computer which includes a main body 3201, a
camera portion 3202, an image receiving portion 3203, an operating switch 3204, a
display portion 3205 and the like. The invention can be applied to the display
portion 3205.

FIG. 16D shows a goggle type display which includes a main body 3301, a

30 display portion 3302, arm portions 3303 and the like. The invention can be
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Vari ous sem conductor devices (active matrix type liquid crystal display
device, active matrix type light-emtting device or active matrix type EC
display 10 device) can be formed by applying the present invention.
Specifically, the present invention can be enbodied in electronic equipment
of any type in which such an electro-optical device is incorporated in a

di splay pg lii&Pto tﬁwﬁ%?%ﬁﬁééﬁ%%%@w pnent is a video canera, a digital

camera, a projector, d display (goggle type display), a car

: ; . t i .
navi gation systEg. W Hows 8filyerusid® aREESQ AR G wiBh & Jgggfa!n? is
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I ncl udes a nmain body 3201, a canera portion 3202, an inmage receiVving
portion 3tpthe CHW@E@PE@Q%%“% tch 3204, a display portion 3205 and the

| i ke. The invent4 n,be appli.ed to the displa ortiaqn 05. FLG, 16D

shows a goggl e%%&@??h?‘é@ ‘{j\/ﬁil%‘f:f’qiWﬂﬁe@gﬁﬁﬂﬁcﬁd&g®%§§@1?@= BEIPlap| ay
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recor di ngreveiiing)pontishi(abt shewepuadiths likeec Thdemveheseicanl B bppRédis ¢He t O

as the recording nedium, and the player includes a main body 3401, a

di spl ay p@%spl%’rp@ﬂeﬂ,:”sggeaker portions 3403, a recording 5 nedi um 3404,

‘operating swt 5.and the like. This player .uses a DVD. (Digital
Versatile Di sc)cl:kl‘aG; ]%‘Qéhawﬂ?e?ﬁf%“w%& p’E‘HECtPEB@ﬁBIF ﬁ@aﬁéﬁﬁ t?rrf?r%erﬁ%lo@n%‘{lﬁ% a
3601, a screen 3602 and the like. The invention can be applied to a liquid crystal

15 display device 3808 which constitutes a part of the projection device 3601 as well
as other driver circuits.

FI1G. 17B shows a rear type projector which includes a main body 3701, a
projection device 3702, a mirror 3703, a screen 3704 and the like. The invention
can be applied to the liquid crystal display device 3808 which constitutes a part of

20 the projection device 3702 as well as other driver circuits.

FIG. 17C shows one example of the structure of each of the projection
devices 3601 and 3702 which are respectively shown in FIGs. 17A and 17B. Each
of the projection devices 3601 and 3702 is made of a light source optical system
3801, mirrors 3802 and 3804 to 3806, a dichroic mirror 3803, a prism 3807, a liquid

25 crystal display device 3808, a phase difference plate 3809 and a projection optical
system 3810. The projection optical system 3810 is made of an optical system
including a projection lens. Embodiment 8 is an example of a three-plate type, but
it is not limited to this example and may also be of a single-plate type. In addition,
those who embody the invention may appropriately dispose an optical system such

30 as an optical lens, a film having a polarization function, a film for adjusting phase
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user to enjoy nusic, novies, ganes and the Internet. The invention can be
applied to the display portion 3402. FIG 16F shows a digital canera which
i ncl udes a body 3501, a display 10 portion 3502, an eyepi ece portion 3503,
operating swtches 3504, an inmage receiving portion (not shown) and the

| i ke. The invention can be applied to the display portion 3502. FIG 17A

Sereen so00 st R AR I e G G E R BRI | TGt & orysta

15 display devi BrG3BA8 imivqéwcsgaﬁﬁﬁ$ pge%x%@fél m%fBﬂfe §tﬂﬁtﬁfe%£rﬁé 'thggté g5\icge

3601 as well as other driver circu F shows a r

pr oj ect or opiticah siysicinud861 ashvwvm ihoB)G310C. dn Bhtjceliinenn SjawtchgR7 9%durcd
mrror 3703,. alsscreen 3704 and the like. The invention can be applied to
the |iqui ®PECsewten; 3Hlais magde of agoeqtpr 381¢ondight yovscea3Pbi.ticos arggst he
projectio V) 2 wel | as other driver .gircuits. FIG 17C shows one
exanpl ehof% Sgﬁedngf%%%guar ﬁgl&nzg(% ROBYCIERE Pﬁieat‘:r”giﬁ angk, cerdensgp fengndB Hr 02
whi ch ar e [pgeReGIlyY BleVishiQWard : a . j ecti on
devi ces 3601 and 3’702 ilgghrradredeg%&ggFgﬁ%ﬁs%&%%%{(gcgbs%égé?éergnga@é%l%%d
mrrors 380 imventidati4 o @RACyladydimitedie tHe shown3&dtruationi SFHB8RImple,
liquid 25 crystal display device 3808, a phase difference plate 3809 and a
proj ect i okD@ist Whase esghadshitesinyvention mayj apprppriatehyt idisposs yest epticd 19ystannade
of an optical system. includi r.oj ection | ens. Enpodi nent 8 is, an
exanpl e O§u§11 ARl oRicyl ge %ﬁeﬂﬂ'ﬂﬁ?ﬁ”ﬁl 3 Rolapzatiqnfyngiiony aiiim far adinstingngd
may al 39 bhasd dafstand @r-;gipﬁgﬂltnype. In addition, those who enbody the

i nvention nmay appropriately dispose an optical system such 30 as an opti cal

lens, a fil m haWihegprajqetdraghiozat HORIGSINCIA @0 178 ﬂ‘sidfrméqyp@dﬁﬁgté fRehdphgaf 37
difference or an IRfilmin the path indicated by arrows in FIG 17C. FIG
17D i s a WYREvOSHRIostEroptisaledevipt.ebut thire istmaicshoven afn ehampleght veltioh cthe
optical system 3801 sho in FIG 17C. In-Enbodi nent 8, the |jght source
opti cal sé@f%ﬁ%fpp e‘ﬁrmé?iﬁ r‘é&“&‘%@l’%@?&ﬁe%@ﬂml%l deygice avduy dehisgnattingens
arrays 5 3RiIReand 3814, a polarizing conversion elenment 3815 and a
condenser | ens 3816.

15 FIG. 18A shows a portable telephone which includes a main body 3901, a
sound output portion 3902, a sound input portion 3903, a display portion 3904,
operating switches 3905, an antenna 3906 and the like. The invention can be
applied to the display portion 3904,

FIG. 18B shows a portable book (clectronic book) which includes a main

20 body 4001, display portions 4002 and 4003, a storage medium 4004, operafing
switches 4005, an antenna 4006 and the like. The invention can be applied to the
display portions 4002 and 4003.

FIG. 18C shows a display which includes a main body 4101, a support base
4102, a display portion 4103 and the like. The invention can be applied to the

25 display portion 4103. The invention is particularly advantageous to a large-screen
display, and is advantageous to a display having a diagonal size of 10 inches or
more (particularly, 30 inches or more).
| As is apparent from the foregoing description, the range of applications of
the invention is extremely wide, and the invention can be applied fo any category of

30 electronic apparatus. Electronic apparatus according to the invention can be
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I ncidental ly, the Iight source optical systemshown in FIG 17D is one
exanple, and the invention is not particularly limted to the shown
construction. For exanple, those whose enbody the invention may
appropriately dispose an optical system such as an optical lens, a film
having a pol arization function, a filmfor adjusting 10 phase difference

or an IR fihBedl aj.ect in 17A 7D is of .the type using
a transparI enlltEQ edt ?geﬂél eﬁeg{)r}%&%p ch}adﬁgﬁf cae,(mg{??mfjtho@r@ i%rfbr%?rysﬁﬁgﬁ (ﬁ
exanpl e i Embodimdrte] tbwBvgitjon is applied to a reflection type of

el ectro-optical device and a light-emtting device. 15 FIG 18A shows a

portable telep i L e I '3 n yt ortion
B0z & sound 1 naeh e rems RISt TBLarRO KR is TonABYEd B RileyRe

swi t ches 3Bfiamemabsigaifivand®@an debHidiaedi ke. The invention can be applied
to the display portion 3904. FIG 18B shows a portabl e book (el ectronic
‘book) whi ch i ndeudeser light havig bodgry4edieriati spirgy deosity odistrb@fidnacth 4@03,
a storage nedi um 4004, operating ,.sw tches 4005, .an antenna 4006 and the

li ke. The P} 'Q}haé'é#a%‘etogbfbﬂg%a‘ieé aresuriiics pf & ieRityons 4002 and 4003.
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the 25 diisphajcubaly eBcthOR: théQsé BF 8 Mrb@ArdaSsuddlrhfecul arl y advant ageous to
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si ze of 10 i ncHeyTbroughpuecgiphe imprdeed y, 30 i nches or nore). As is

apparent fromt regoi ng description, the range of applications of the
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the present inventionis enployed, the followng fundanental significance
can be obmamdadcturing cost of a semiconducior device can be realized.
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5 (a) Laser light having a very superior energy density distribution can be
- produced on a surface to be irradiated or a surface of its vicinity. (b)
- Uni form anneal i ng can be conducted for an object to be irradiated. This is
particularly effective in the case of a |arge area substrate. (c)
Thr ougtgaxMs an be i nproved. 10 (d) Wen the above advantages are satisfied,
| nprovenents of an operating characteristic and reliability of a
sem conduct or device represented by an active matrix liquid crystal
di spl ay device can be realized. Further, a reduction in a nmanufacturing
cost of a sem conductor device can be realized. 39 CLAIM5S 11, A nethod of
manuf acturing a sem conductor device conprising: converting a first energy
densi ty di st&i buti orAatethod g€ sranufagivriegrsemdcdndugiox deamrcqmlmslagsecond
ener oy dens! b 10tisk Qe BAER Ais BRI Bt Eqﬁsaéeﬁ@?derﬁﬂ%dgﬁoﬂf 25tadet
has an attenuatlon reglon nogeni'’zi ng an ener gy
por t i ofitef sesend sBengy|deghity Héﬁmhgl@mby ageevTd uéwemg yhe mnﬁy:mtrgy dersityi Ios
)Y proghgngﬁméhdﬂﬂéggﬁlln the attenuation region; and irradiating a surface
to be irradi d wth'the laser |ight having the honogenized energy density
while relati 9g§IHF-mg Al aIsESYs densibe i qinpend posdemtoé dhe Jasex hghhgavmg the
manuf a@édéfn'dfwl PEAH9HIsIsbaAtiof %F{r [:S‘r%v Ph 'Iﬁirfbg in ﬁ#@%@éﬂiﬁg@ﬁ@ﬁbho% shape

of a | aser emtted froma nmeans

I rst
wher ei n the lff %tlfg%ap%lrﬁ&% farbfe!rwga&eédwahdb@ lasestlight: havmgbwhﬂnn@caﬂed

ener gy eﬂb??yldens@jr sithileyldtivaly shififhgefhd sffabé @Nb&irrddifeal ongated cross
section the laser light by a mrror; and irradiating a surface to be

irradiated with the | aser |ight having the honogeni zed energy density
while relati%ely sty hictng bflmaﬁufafcaﬁmgt @s@ﬁldohﬁﬁ&bﬁﬂgﬂce%onfbrm grod of

im over o Cubediiar Sl Sl Clipiriiisiuley fnshalngptana s P ohoRr BY oa
| aser hieghs, veldreivedieffironstapk dmsan eil(mgatal &aspstcbtmngargy density distribution
by a means, Hmﬁﬁgérﬂzfn%eﬁ ee%%rngdy Qﬁélﬁy dls?ngutléln 18°%n end portion of the elongated
cross section of the laser light by a mirror; and ‘
irradiating a surface to be irradiated with the laser light having the homogenized
encrgy density while relatively shifting the surface to be irradiated. |

3. A method of manufacturing a semiconductor device comprising:

forming a semiconductor film over a substrate;

converting a first energy density distribution of a laser light emitted from a laser
into a second energy densuy dlstnbutlon by a means, wherem the second energy density has
an attenuation region;

homogenizing an energy dessity in an end portion of the laser light having the
second energy density distribution by providing a mirror in the attenuation region; and

irradiating the semiconductor film with the laser light having the homogenized
energy density while relatively shifting the semiconductor film.

4, A method of manufacturing a semiconductor device comprising:

forming a semiconductor film over a substrate;

changing a sectional shape of a laser light emitted from a laser into a first shape by a
means, wherein the first shape has an elongated cross section;

homogenizing an energy density distribution in an end portion of the clongated
cross section of the laser light by a mirror; and
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an attenuation region; honogenizing an energy density in an end portion of
the laser light having the second energy density distribution by providing
a mrror in the attenuation region; and irradiating the sem conductor film
with the laser Iight having the honogeni zed energy density while
‘relatively shifting the sem conductor film 4. A method of manufacturing a
~sem conduct g, fieNh Qheoﬁﬁibéh@lﬁito%ffﬂﬁ{“@% %Pé el%éroﬂgﬁpth%ir{g{ kKR R68logRnized
- substrate; changing a sectional shape of a laser I 1ght emfted froma | aser
i nt o aencﬁgéftdegﬁgbél%vb@tmw&ﬂ@,relnﬁwéﬁ shifting the semictislyetaiddonn el ongat ed
cross section; honogeni zing an energy density distribution in an end
portion of the elongated _cross section of the laser light by a mrror; and
40 irradiatifg the Adnvibed efanapufpciugping a pemivonducler deviggracerding t@ gay one

honbge g £8fims AN@r QY keBsI thy rﬂéa?fsrdo%r?gis‘ég ahSodiftr @ lb¥Akd 1S bk fohihﬂgoﬁdlqo an
sem conductor film 5, A nethod of nuf acturi’hg a sem conduct or device
accor dopfclazangt hedasesilight-ai ns 1 to 4, wherein the means conprises a
honogeni zer | ocated to be orthogonal to an optical axis of the |aser
light. 6. A npethod of nyf act uri a, sem copduct or devjce accgrding to any
one  of ¢l aifis 1 tdhdncliadiolimarackeage Sgrisiondston dgviseaacceiring o dny one

cyl i ndipf @idindsen®o al ixditSecintthe neadk onipraded edpluRald’ ¢ t@indiRalferdstarlsys which
orthogonal to an o t.iii]]iﬂl axi s .of the af_er i ght "and 'di Vid@ﬁ th ]aﬁec{. id
1 ght AR PReasser g el sods G4 erfosonal o aroRdgalidingh icser gy 4d divide
sem comlitikerlige\h tlee agangathaig directogs.one of clains 1 to 4, wherein the
means conprises a plurality of cylindrical lens groups and a |ens, wherein

the cylindrical lens groups are arranged in parallel so as to be orthogonal
to an opticd axisAahethbd dfananufhcminingansedicondectohelelasercchidihg to any lome

arrang t. diyections, .and. wherein the lens s locagted-in,a tr LS$i_on

o do of ety fEr MiEreitdfe myEsSlniriS & ARG ARSI e SPUELHEE

| i ght s leis, whenst tloclcyindrival lastgroupgam axeamged no pataltel devs ¢@ baocibogdom] toan

any one,_... -ai ; ei:n; . nrise ijch

0”1 oo P8 BE gT g sl hehtARH U 0ids TR PR Ry 3 an hoeplen? MR AR, M

di vi desvhemein| theefenisi tphlocated in a transmission side of the cylindrical lens groups and
synthesizes the divided laser lights.

8. A method of manufacturing a semiconductor device according to any one
of claims 1 to 4, wherein the means comprises a fly eye lens which is located to be
orthogonal to an optical axis of the laser light and divides the laser light.

9. A method of manufacturing a semiconductor device according to any one
“of claims 1 to 4, wherein the means comprises a fly eye lens and a spherical lens, wherein
the fly eye lens is located to be orthogonal to an optical axis of the laser light and divides
the laser light, and wherein the spherical lens is located in a transmission side of the fly eye
lens and synthesizes the divided laser lights.

10. - A method of manufacturing a semiconductor device according to any one
of claims 1 to 4, wherein the end portion of the laser light is a region paraliel to a shift
direction of the laser light.

11, A method of manufacturing a semiconductor device according to any one
of claims 1 to 4, wherein the laser comprises at least one selected from the group consisting
of a continuous oscillation solid laser, a continuous oscillation gas laser, a pulse oscillation

41




9. A method of manufacturing a sem conductor device according to any one

of claims 1 to 4, wherein the nmeans conprises a fly eye lens and a

. spherical lens, wherein the fly eye lens is |ocated to . be orthogonal to an
optical axis of the laser light and divides the laser .light, -and wherein
the spherical lens is |located in a transm ssion side of the fly eye Ilens
and syn i zes t.he |V|de l. aser hts. 10. A nmethod of nmanufacturing a
senicoﬁﬁﬁ%ﬁgpraggﬁ ﬁ%e%?ﬂ?%%Pgﬁsgﬁafone of clainms 1 to 4, wherein the
end portion of the |aser Ilght |s a region parallel to a shift direction

of the laser }ight f manuf act ur i sem.conduct.or .devi ce
accor di ng.tolany ond Msthed BF nyfacsRE aREntbem o Glir RaERE 40 By e
| east ofielamkdctoet Whanit the lgscmqwnqmms&n lexgt oné selectedtfromakbis gnmp d:dlﬂistmlg

solid | S | katd-Qn _gas r...a pul S i.0

ol i d PRACKACHERE 4 N0 4E8H ¢ AL TihsBod AR 105 i GG ot Aoy Thstl an
manuf aatexnndigted asemambaducsapphitedagee. according to any one of cI ains 1 to
4, wherein the | aser conprises at | east one selected fromthe group
consisting of a YAG |laser, a YVX |aser, a YLF |aser, a YALO3 |aser, a

gl ass | aser, 13 ruby A awghod efi malufacindng besehrsenductordieyvidd accvadipgito anlyaser .
13. A f - UL ' I.4€

of ol apneied o KB the fsPr SEPhE QHELEH oKL R GF ERLlA, LE oK oRE
consi slasey asfAnlaseryend@arKr Jlaseer, an Ar laser, and a Kr laser. 14. A nethod
of manufacturing a sem conductor device according to, any one of clains 1
to 4, wherein the sem conductor device is at |east one selected fromthe

group consi $4i ng ofA mateed oh manvdagiutieg 2 ssmiterdicterdavace acappdingdo. any one
conput B clAmIO0F & #HPfin Jhé eéﬁycoﬁue{o@y&w;éis% 18adt &R’ e d Bdint Me Sroup

digital canera, a projector, a portable ephone, and an electronic
book. - cggsisting of a personal computer, a video camera, a mobile computer, a goggle type

display, a player using a recording medium, a digital camera, a projector, a portable
telephone, and an electronic book.--
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