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5 1. Field of the Invention The present invention relates to a Ia
irradiation nmethod and a | aser irradiation apparatus for using the nmethod
(apparatus including a |l aser and an optical systemfor guiding | aser |ight
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el ectronic device which includes the electro-optical device as a part. 15
2. Description of the Rel BACKGROUNDOEMHEdNVENEI®Nde study has been
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square spat _of.several cmor g.linegr shape of.25.100 mmor nore in_|length
on a su@f & Setpeopdu t?’f f hf'teea‘ﬁ“%‘w@t‘ﬁ?ﬁn? E@S"F H’@%‘It é@%&lﬂtlparﬁep-(&ﬁomhai Bvel y
shifting aRmiedAdli @bl 8BvREddsbIPe® held idlAFR' arl !eﬂzr&ttro%é:;trbaﬁ WREEL R 58
surface to be 1rradi atedS to conduct annealing I'S SUpPErior 1 n Mass

product i viliguidnatystal displey Idenicei or ieifiob@@ying Thevicd iaRgadn Shap®nideseidebed
here means not a "line" in the strict sense %ut a rectangle (or a prolate
el | i psoi d Ehipdnclides Hiy deelrgpptispedavigDasapid. For exanple, it indicates a
shape having an aspect ratio of 10 or nore 1 2 4. FEB 2006

15 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 cfystallized region is present, and also includes a
semiconductor 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




(preferably, 100 to 10000). Note that the linear shape is uged Rk q@ggln an
energy 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 excinmer laser 5 of 15 J/pulse is on the market. In
the future, gsre i | so a possibility that annealing with sheet shaped
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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
perpendi'cular 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 @#lfﬁiﬁl tak | ens
arrays 102a and 102b each are divided into four parts. The divided I 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 cylindrigal lens 108 so that they becone again single |aser |ight

on the surcseRd [irastion is sehasged inosccomimsicdowisher dixeptipndfi ight bemtsbgOfiei s a
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i ght fornmed by the above configuration is irradiated O wth an overl ap

state while beily epaamlel ayextinfer daseir in avhickietsizt mex ldsonwihdowadf 10 mihus,
when | gser,.anneal i.ng i s perfor f the entire surface of an anmorphous
seni co guéfgplm?(pv&ng} ﬁ%d'gﬁﬁ b#&”@wﬁﬁﬂegﬂm}wmﬁlﬁ) Iiecshap e fagex 401 japdg,
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formed on a single glass
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 forme_d by the above configuration is irradiated

20 with an overlap state while being gradually shifted in 2 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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2 4 FEB 21106 substrate, thereby manufacturing a single sg’g r;,duct or
device such as a liquid crystal display device panel (Fl&? B At he
present time, for exanple, a substrate of 600 nmx 720 nm a circul ar
substrate of 12 inches (about 300 nmin dianeter), etc. are used as the

| arge area substrate. Further, it is expected that a substrate in 5 which
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s Np
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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 insufficient as
compared with a region having high homogeneity 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
annealing 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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exanpl e, when the object to be irradiated is a sem conductor fi %\4 g
crystallinity of a region of the filmanneal ed by the attenuation regions
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spread of the laser light. Thus, the slit is closed to a

15 SUMMARY OF THE INVENTION

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, within 1cm). The

30 slit may be located in contact with the surface to be irradiated. Further, according



substrate within a perm ssible range of an apparatus (typi cal I3/4 PEBTB 1
cm. The 30 slit may be located in contact with the surface to be 05
irradi ated. Further, according 5 2 4 FEB 2006 to the present invention, the
attenuation regions of the laser light are folded by using a mrror as
shown in FIG 1B to increase energy densities in the attenuation regions
and to reduce areas of the attenuation regions so that a steep energy
density dicstheipseaend inviention: tieradtgniuation ecgoms pitheilases light hteefdldaiy biglpt . 5
If steep attenuation regi re optained in the end portions of the |aser
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a structure of a laser irradiation apparatus disclosed in this

speci fi dation, Hisedpastemuationdegivhoareapimainedus the ead poatdlrdfzae IR light,
conprising: a If;\ser;. first means for converting a first energy density
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i rradiat edy,l C ner densi.ty distribution; and second neans for
honogeni z :jlrzil éépaﬁg@n ggsg jf/i fbg]eﬁgﬁogxﬁl%%’aﬂ ; éﬁ% “BoIE %HIS&V §onthat THEANREANNG
havi ng t hec£ieboven@RQE Yo aRSbbN¥cOISHE iRNERY ad ; S is
provi ded between ?he sur?ace to] %e ??ééﬁ?aaﬂta%g %drﬁe#fgé&hi%%aﬁgg%so%q@ ,
accor di ng fGa@®)her structure of the laser irradiation apparatus

disclosed in this specification, the laser irradiation apparatus is
charact®rized bdccignis itaimgtrueturaoéra laser drradistios dpparatiardjselgsal sedhisonal
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Also, according to another structure of the laser irradiation apparatus
disclosed in this specification, the laser irradiation apparatus is characterized by
comprising: a l.aser; 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




honogeni zi ng an energy density in an end portion of the Iasq@%ﬁﬁ¥gfﬂgying
the second energy density distribution by second neans and i1rra |aﬁ?ﬁh

| aser |ight 30 having the honogeni zed energy density to the surface to be
irradiated while 6 2 4 FEB relatively shifted. Al so, according to another
structure of the laser irradiation nmethod disclosed in this specification,
the laser irradiatjon method is characterized by conprising: changing a
secti onal §ﬂ§ﬁ§ﬂﬁﬁhﬁ r light emitted froma laser into a first shape by 5
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manuf acturﬁnﬁ a 10 sem conductor device disclosed in this specification,
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irradiating |aser light having the honogenized energy density to the

surface todisEibuticadb et weany ansd bomogeyzisty dn everghl dusity rintanecrab pusion

ocat ed tooblredhekdgandrTing G sociortiensty SisETREES DY pepn Mpa anch

the aboye Sl Fasel Tight hﬁbﬂ{gaﬁlteeﬁd.lﬁggeﬂiged Qﬁérg&rh&r{s;tgrst% RASFAR B be
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, it 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




plurality of cylindrical lens arrays which are arranged in garallel so as
to be orthogonal to an optical axis of the |aser |ight an(ﬁg’l géée?ﬁﬂb‘e

| aser light in the arrangenent directions. 30 Also, in the above
structure, it is characterized in that the optical systemis 7 2 4 FEB 2806
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 opti cal C25PEsest of RePluzalety off ¢yjidrigadl lensy grdwps had| mdens, thebylindricdidens
arrangenen i1 i nd th ens i.s.,located jn a transm ssiqgn side of
the cylind fcgseq‘iér?sﬁ égg@,{gg P Ieiﬁﬂtaﬁégibfe%r?}ﬂqgémﬁi tq e gpligal %’é‘%ro?lﬂi‘@ifﬁ%¥
Al'so, in tfigheRQyai\leE et 14k6r 1ikht i ' Lihrdsh IS5 aps
isafly e%e | ens whi ch issﬁ (%%atigztht%o @%%ﬁehggg?%ibr&bgg%t@{;%Jlngalgtl%'%‘%% of
the | aser in ghramsmissidnvsidesoft the ¢yariridal dtis glﬂu?g,aﬂdnsirﬁ'tﬁesi%&/ eheSHIHAEYT €,
it is characterized in that the first neans is O conposed of a fly eye

| ens and a@ﬁhbghtéal |l ens, the fly eye lens is located to be orthogonal to
an optical axis . gf t.he laser |jght and.divides the |aser |jght, and the
spherical lens f Sq’df}j{l%&g?‘ﬁe ﬁ{rg?té}ﬁesrﬁ Sthemadterigedyn {ﬁﬁbﬂﬁl fjisbyreansis afhy
synt hesi zegye 1412 @hidpd leoltl in Ve St r Uf:€, 1t is
characteri z)é% I'n that %ﬂghgggotﬁ eﬁggﬁgg?ﬂsﬁcfgén o?éetﬂ:ml %g%s&; @eoﬁgér [’rgmi' %r}c,i
the slit idividesathedasdjlabent to the surface to be irradiated, and the
mrror is |ocated corresponding to the end portion of the laser |ight

havi ng the secédp.etethyy ableyssistiycuirs; iti isuchapacteddesbin ithat te élbsiveieans is
structure, it erized in that the ortion of the laser |ight

t h t d
is a regl oﬁélﬁlgbg‘arcforata Y £Y&nicns a&firaeéP]i“?ﬂFaéﬁgli%gh‘F aerye dgmt is boatsdcier B¢ ng

to the abo teur I reld onve into.a, har iC
by a non:| ?ﬁgg 6%%&?0%1 Oéﬁgar%e%‘tq? Olgglrl‘ggésggg?gg?%in? ﬁg“{?;ﬁgﬁﬁ I?Wétllg&lt’ﬂ\@r?ﬂ%ser
em ts | asespligriphl Idavisngcatedanel aRasMistionl Side JFhaSIR e{ & NEBM %gnﬁff@}’ﬁes An
absorption coefficient of the laser light to a silicon"filmis very [ow
Thus, at tHiesdividgddasdrtlighgs.t echnically difficult to crystallize an

anor phous silic film as one of 25 sem conductor filnms. However, the | aser
light can be Coméﬂ,tl&f rﬂbGVFiséWCt‘H&vitn'@ gharacterized in that the second means is

15 omne 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 crystallizé an amorphous silicon film as one of

26 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.



shorter wavel ength by using a non-linear optical elenent. :ggr ni c
there is the second harnmonic (532 nm, the third harnonic (

fourth harnonic (266 nm, or the fifth harnonic (213 nn). These harm) |cs
have a high absorption coefficient to an anorphous silicon film Thus,
they can be used for 30 crystallizing the amorphous silicon film 8 2 4
FEB 200fs In the above structure, it is characterized in that the |laser is
one selected frB’fﬁh@tﬂ)ﬂ@"@rséwﬁﬂu@nlé|1$;C]il£trgc‘[©r12©d tothat thedaserds onk Isateicted Kol d

| aser, a cg@ntinuous 0S tion .gas Ias g e oscillation SO|Id
| asor and %fBPBeCOBéléﬁ AT iaﬁepé i3 fsen & confien i oxgilatiner
h 5 1
o are paumSERbGHIR, SRR R AT b TidFRR et A

| aser, andas thlld(hse@ﬁHex%SarEfwmﬁﬁ:&atleasaeYAG mﬂee @W@Xﬁéﬁf'iﬁqz Bfer, a
exciner laser, an Ar laser, a Kr laser, and the Tike. so, in the abBove

struct ure, YeHEsllasesr a plaghiasenya hibydeserean e&xandmtedaﬁar mﬂ‘m:l &apph;re daser, and
non- | i near p]élgcal el epent. 10 I t he above %(Ecture is char acterl zed
hthat thie) e Andcas (e gas) lasare Hher g e?ﬁ{@?@f an@éﬁwgrtkaﬁ@r én Ar laser, a
cont i nuous L] lid | aser, a continuous oscillation gas |laser, a
pul se osci FI?Z% onaq{sdotﬁ@c} aser, and a pulse oscillation gas |aser. Note

that, as the sgllid] 1h@ﬁ@ﬁbo¢d"ﬁf&tﬁfeeﬂ%”'}a§&fl?élﬁ%é’y b’é\@ohee%%d m@o A YfmbARS"
a YLF |l aser, a YAIO3 laser, a gl ass | aser, | aser, an alexandrite

| aser, a Tbyasmmpllmneragdp@@eh;lemdt 15 the I|ke and as the gas laser, there
are exerEpllfled a e ciner |aser, .an Ar laser, a Kr |laser, and the i ke.
The slit’is loc VErRUTUCHE gt 4% éhweﬁeﬁﬁe@/ub?ha@H@I@a@rﬂa@@etsgleﬁéed from

i rradi at ed rf eirra when the.mrror

| ocat ed i nt}@h%mﬁptégﬁglasﬁ i O%Ca ‘éé;‘ﬂgﬂ"g us° Sf;ﬁfgﬁpﬁssgﬁd lpyse 2 cpyiinuats ?/SCI]i%téﬂn t he
m ddl e of Ehelagéd anmasd Q4ti H%&Q&d?&@ 7 RS 2 FHREHEA Mfg Y

ener gy dengl ty di s':priflbutl (;n of thé agrer gpi%i on H?ﬁe S ?f%ggﬂtoﬁﬁtg%at,

i rradi at edaothd solid kses, thedet Memmn’lmamﬁtaah’m laszr HatVOpildserma Yariheaker,ng
can be congl(uct ed for the object to be irradiated. Up to now, the divi ded

| aser | i ghté\Sbsdasgint plass Jasgr b%/ﬂtbd’elaé% ap dlexgnadritedaser, ad5: sapphireilaser) gl 7A
and 7B f50 fh%dllt'lge, aFnla e&%qtager ther 'a?en%xempf:ﬂeg ! n%xc:lmer Faser, 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 laser 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




25 present invention, even when the cylindrical lens 105 is pot provided to
the optical system a steep energy density distribution Canagé-gﬁgagmgd in
the end portions of the laser light. Thus, the nunber of |ens used O the
optical systemis decreased so that optical adjustment is easy, and

uni form anneal i ng can be conducted. Note that, when the cylindrical |ens
105 is used, the attenuation regions of the laser light 30 can be reduced.
Thus, ar eadn@ediaie vicrity of thynsurfaceddibetisudiaded ohm eintact withtlegsunfadette be2 4

FE i mmedi i cinity of th f to be.irradiated or i tact with
the cur f acBAdRGH o Yig gl 138 ieat Tos Fibalecih etoniat ORGRiam of e t e

att enuat | Omsé@ﬁggﬂ:‘caﬂfbé h&tudedsend %QQ%},?&Q#D% £1?9H%§fthzﬂ°;‘sa ifror ﬁ'rt s]@@er ©

is an effect th mrror or a Sli as a snal'l er sizé ca ed.
5 The uni f whiclahaeatmaled Sz edybé gpat.t ant in order to uniforma property of
the object to be irradiated. In addition, the present invention is
particuliarly eff&eunifermj mnepking isecryhimpertant ar ordenteesniSots brpaopertss of the

anneal ed. For exappl.e, .when | aser..l.i gh having a width shorter_than a
| engt h of ?ﬁ@cﬁ;ﬁ gg lﬁffigﬁ‘t%‘ﬂbsﬁ’r %C{détlf’g: fthrer%F&?%téav%lﬁlo%ﬁnﬁ%lﬁlcﬂlﬁéwo%ﬁf@@wq 0
be irradi a Lfen r l.atyd v canning to the 1 rge
area subst frlgglg . égl%%@é??%ﬁér}%f%?é g%l(r}lsg%q% ?’]s;a @ﬁgeidl' agzéjﬁ- e%f’a‘rﬁ‘&p"?@%}h@éﬁf gghfhe
present i nmrih%o:n widsh h¥REY twsrleﬁgtrﬁaﬁrtga 1842t freR WutRftaRAL h?é’cFQ{eHytd n
portions of the laser light parallel to a shi direction thereof. Thus,
even i n anaajahdenobjepbta bomradiatedgitan nesesaneth dynduee rédlases stamglitg to the
anneal i {bg fan be uniformy conducted. As a result, no variation in

g

anneal i A8 A dubsirate, plyat tingss Bt amealiagge The dasarslighibproduced duy theat

it can be I L, . n hr qughput., can be i nproved. For
examl e wissear BEcbn At 108} Rufiet MY R HORAE PRraREN T popidtest. a
roperty ofhet hes qi6lg Ofq Tl Kk i f a I

Eni 1I‘O or my Thgr ef gre{E aqglug!rﬂiq@élt Foorell iblrﬁlﬁlfﬂgﬁg‘rég%?grt?gﬁ#gs g?H%I‘Fis néllrlur}g\ a(l%t8 ﬁdﬂr% §§§

from such peartmendicegdustsoantidd by denlaber lightyaettaling cad Geturiforndd copdaéeing

characterisgtic ang 20 reliability of a sem conductor device manufactured
from such PETS I6BNGL KO VARBHSH de dnpRplare pESersaETiTORNDPoTHIEN DEANCNEEZE Ianed he

acconmpanyi fg, ALAHYat 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
is 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;

10




25 FIG 1A shows an exanple of an optical path in the case %m slit is

| ocated and FIG 1B shows an exanple of an optical path int difiere 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 show in FIG 2A; 10 2 4 FEB 2006 FI Gs. 3A and 3B show an
exanpl e of an oPtGtadAsyit SR showhan prasaple ofi avepticehsyste@ of thhoprssent
exanpl e Ofingnnti&i-i cal systemof the present invention; FIGs. 5A to 5F show
an exanpl e ¥ 'y eye lens; 5 FIGs. 6A and 6B show an exanple in which a
large area SubshIG@lesiicivs ARBEANBI ST Bhlat Slstb P pRANGESBXiC Present

invention; FIGs. 7A and 7B are top view and a cross‘sectional Vi'ew of an

- exanple of a cEI@gerthﬁﬂﬁFsb@Wimadxasmﬂé%ﬂhfW?e BAs:shows an exanpl e of an
energy density distribution of laser light 10 pr oduced by the conventi onal
opti cal %syst em BKes. 945 agB &Ihoshovarnexzample iim whichch largaragen aubstrate is

substrate i s anpneal ed. usi t he | as l.ight shown in FIG 8A, FIG 9A and
OB show arfE¢AIRS Sy lagey ﬁgﬁ%prgﬁéﬁecgﬁﬁéherﬁ%?m@@tl%A to 10C are

sectional views ' t i i : d driv
circuit TFTs; 1%@&1&09&(22%? %re‘i’zfl ar etxf;‘%%cr:égg(gﬁs@g?g{%%alﬁ%%q?tgarg%éadgg%fof
manuf act ura amﬁdjﬁongjmﬁcangFge@@d the driver circuit TFTs; FIG 12 is a
sectional view showi ng steps of manufacturing the pixel TFTs and the
driver circuit F¥as§ARhewslan iexamplopf wineenesppwiengity dittribation efdbsdérhkgip xel
TFT; 20 FI G 14& a_.sectional vjew,of an active _matrix liquid crystal._

di spl ayt®devioduce %Wdhel%m}"senél% ppticall system andr ElGi 8% shows ag exampleein

circuit a pj rt i f. ' Ry evi.ce: FI. to 16F
show exanp lelgho4 f&g ?nal(%gnsghc %t?' b g[\l/l{lécagé;& St thd e Yigh SRiown! (3P1G YA
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 TFTs;
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 1s 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 FIGs. 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

11




FIGs. 17A to 17D show exanpl es of sem conductor devices; 25%(@5., to
18C show exanpl es of sem conductor devices; and FIG 19 sh aﬂ} ﬁ | e
of a honogeni zer. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

[ Enbodi nent Mode] 30 In this enbodi nent node, a nethod of renoving
attenuation regions by a slit 11 2 4 FEB 20 6 will be described using FIGs.
3A and 313. FI G 3A shows an optical systemin the case where a

| ongi t udi n&nill derdssenibed neingildsd3Arand aBdi 6t Banshweypaen dpticilaystcheietie
and FIG 313 shows tﬁ)e 0 éjc |..systemin the case where a wdth direction

i s viewed “PPOMECH Q&Etﬁ Wazé%rsé%@i suyigwedepradodirectionsparpengigulas thereiay

froma | as 1qy . er 11024, apnd 1102b).in pboth
the | ongi i har aPREBFRORE SRR SRR TP P et VeI Bt Y Vinnke

Not e  t hat frag @am@g@?g@hdi@l@qhéﬂewl arly effective in the case where a
size of the laser light emtted fromthe laser is small. It may not be used

accordi g to a base bght kmittekdrah &Hesdratedl lis gixpand€ Byeal beamn dxipahtier

emtted fromthe beam ander is incident into cylindrical |ens arrays
1103a and &1116’?8 ﬂa‘rﬂejléo%plfhmlbéhe lengituding diseqtionsand dherivrigthrdaisstion these

three |l ens r P se curvature of .the laser-light.is
paral | el t?oﬁﬁgfold%ﬁ]g?'t ug@%fl{]ﬂ&}tﬂgi){a glgnemqgﬁ%rolﬁpamﬁ@?ﬂgﬁ%ﬁq%w San&lé?lé:?fey
di stributi@mepf atkhe dEgRMNasd/ ISitfaa RGN I | onypi '
direction. 1% T%e | aser | F%ﬁtlgéeﬁr%dtn?léd fromq{h%ggsceylr?? Eglﬁglcapgb{eaﬁgﬁ@%%uls%d

i nci dent i atcaprdingdowbdiet orthei lildr ofcthk 1hemdighd.07, which is conposed of
cylindrical leng arrays 1105a and 1105b, a cylindrical |ens 1106, and two
cylindrital | endbs lasgAighyranittedAsomathe bogm ¢xpandarniy ineisest imthexydindsicsks

o SPOs s N Ao OReeL A DRabRTys 4 od BREob p™
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form ng metrslonpittdimal direcli@t thereof. Thus, an energy density distribution of the laser
light is homogenized in the longitudinal direction.

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 energy 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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vicinity of a surface to be irradiated. A wdth and a posi tiﬁn@ é‘ggtgg%sl it
1108 is set such that an attenuation regions of the laser |light arg&*
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

di stribution in end portions thereof can be obtained. Wen a sem conductor
filmis anneal ed using such a |aser irradiation apparatus, it can be
crystal | i Z&4ot iwg@chm s+ 3t & aniseor Gapradse e wsedbt ﬁ(hcnath@ ATl isinsed and
sem condug il al..an J:-nmpurity el nt can.be activated. .30 The slit is
voot i 1 rioGhieltinthe HieAla R Weihis BF T iseb Habbrtfinsaiyy bitheyedafien
2006 is n ¥ {18 J Mg - y%‘tﬁn i rror
is used a%tggiq%ycﬂgtg%ﬂi?’ﬁgiy EZthgfl tﬁ%rrlgl |t r??érrl%%ﬁgnagk%?t Jt?lﬁeéé{ astehre @Fﬁ@gal ?
parti cul arhear the mikdleadf drumispetiver st@imuation Re@ionhs i asvihh idieclias ethel lageit
parallel to a shift direction thereof, typically, near the m ddl e of the

r espect ivelighttt Bnigflecserd megr dhe gentral \podtidn dify thet respectives altegeatidh kégjbns. s

reflected jpear the central portion,.of the respective attenuation regions.
Ener gy den@??riggs BIILS, ﬁ-ar QI}'E@?‘?CH&ga?IEQ a&ﬁdgéeﬁ%?t}%?f%gmaﬂ@aaﬁtwlﬁﬁ'@n

at t enuat | ORI ROLRNSyAESHYA NTRLE Cthe IS crldley SRS YIS LY S 22

regi on having a honbgenous ener gy nsity n can Be obla

Al so, wherh@nag¢mmsapplgedesityalisitiblaon cah beybtdigéd.c quartz glass is
changed 10 for a suitable one in accordance with a wavel ength of a |aser

used, various |A&es svhenaepadagapplicddn o sutfacpobsprhetingemti ghass Notkangeslt

| aser I@ghﬁ? \Ahos.?ﬁ%%‘pe on a surface, to be irra%ifgéeﬂ becones linear is
produced iWthf¥ et ce IR e Wavelsag Bneser pefs YEmoysslasets
limted t i i.ti-on, the shape is changed depending on a
ki nd of 1gca?lalgéew:ieéﬁt%atg?ﬁp{%%{:}ﬁﬂg)gﬁlgm aser. Thus, even if laser light is

formed by the oNbictiat yslight whbsd shapasn 4 Surfa&iov khRidted buenses Bhean
original shape. For exanple, laser light emtted froma XeCl exciner |aser

(308 nm i risvprpsiuepdtin Bngl eddbament pavde  Mowewyr, the presentt anvgutien ishape of

10 X SO, SRR e B DL M Gy Ln  PSam e oL Lol Wi 1 espect

5oL ughlpntprofl e ORGSR SO B bR,
system, it is easy to receive the influence of an original 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 energy 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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shape, if the laser light has an energy density enough to ang%l E.‘éngﬂob' ect
to be irradiated, there is no problemand the present inventd rF mﬂﬁé

applied. The present invention made by the above constitutions will be
described in 25 nore detail through the follow ng enbodi nents. [Enmbodi nent
11 In this enbodi ment, a nethod of obtaining a steep energy density
distribution in end portions of |inear |aser light by using a slit will be
descri bed lopgilydmy) deeiion oA lassa light isrriewed Arasn @vdiregtionmerpendieylat trereto t he
case where 2 FEB 2006 | ongitudi nal ,direction of lLaser. light is

aft Ko7 3B v BBl ey i € e v BB Liresincofeaser

viewed froma dift
optical syRbRIMsiVied O fHRSE : | I ipn of laser light is
vi ewed fromga di rlecti on pe%ﬁgﬁ%gfgﬁrﬁpﬁbﬁétﬁ%t\%t e that in the description

related to an aNosgkaeni thé desospson elditd to Suf ReeingbsRhi @, lehted $n agauMed
that the front is a travel direction of laser light. In addition, with

respect % oSRaséficadinsedt is mssumeds shevediet frant & b dsvel Idightion rofi deet lighte In

surface is_a.f.irst . .surface and an em ssi.on side surface is,a second .
surf ace. Aa‘%HE}PHsz re&@?%ﬁ%ﬂ%ﬁ gqns?%e‘tflﬁ rassuraed fthatea jlaser dight dneileny side and

a curvat ur gk adi s, B Eﬁ‘facesz%gpﬁr}g g a‘i'gsfi@lf ﬁd%%Hffﬂgé R ﬁgtﬁé s?%f@ggft Z;Agr%.pﬂ{s the

used radius of curvature 1s lve in the case

curvature of choeaiedodtheafir@sefitdcedRtiniRGtdEPy RShA® a\B&Ralilre Iraditseyethd rom
the lens. In addition, the sign is positive in the case where the center

of curvat usesond $weancets ondiaatedndsRon Aigen ofthehasehsediot of phaneyre BO i s
assuned, Further, all |enses used are made of synthesis quartﬁ_ %Igass
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(1. 485694 NeEAELME \Rase Ndwks 2 qaiEn R cury HaTgiselosaied; gy adasesdighs ingident
limted to i ght,, eritted froma | 1101 i. ded b
beam oxpandds YA Beis AR e e i dRiidhy B8 et hodogifrs ST Etseon
by ‘about twheid feni®r dAPATLAXBIVERL bh MRS M3 HAREILEALE h Pkl 50

mmin radius, 7 mmin thickness, Rl = nm and R2 = 00) 1102a"an

spherical Penis @S@med.i nFreteysall Zlensasi ns@D drbi mkdess, sRhthes@0quang dfass -
400 mm 11(022 gf\éfg ch is located at a distance of 400, mmfromthe spherical
| ens 110231485634 i refractive mde?{). However, the present invention is not limited to

15 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; = 90, 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, Ry = 28 mm, and R, = ) located in array. The cylindrical lens
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The laser light emitted fromthe beam expander is incident ingbidrp il
cylindrical Iens array 1103a which is |located at a distance of 50 mh % om
the spherical Iens 1102b of the beam expander toward the front. After
that, the laser light is 25 transmtted through a cylindrical |ens array
1103b which is located at a distance of 88 mmfromthe cylindrical |ens

array 1103a to the front, and then incident into a cylindrical |ens
1104 whi ch§r&y }ﬁ@g‘f’ éagiafie%% i%’ﬁ&ﬁ@@a]olﬁni%deﬁﬁh haviget ok mmayinilergthc 3imireins

array 1103p.: r g I - Bhe cylindrical ns_ary, 1103a includes 40
cylindri caﬁmlt]ﬁe)l\ill\ge%ﬂz eﬁgé%wgﬁvslsh&@"ﬁﬁ%‘ﬁn}%’r\ﬁ?‘#izf %)ia}ﬁc%lagtlﬁ,ar@Ymn% in
t hi ckness, c{indric8 1688 1 s vTidiic 1a¢id i yad pdr kcal. J.ens
14 2 4 FEB )geoe array 1103b P udegl %gch?lq}ﬂﬁglrﬁa F%nés@ﬁ’(éeoa@hqﬁh‘g%ﬁ ’60
mm i n | eng2®,mh mmthicknedsdtRy, =520 i} hihd Koesseo Rr The -cylihd®izalMBnsafdaf® =
03) | ocat eii Ln array. The cglmi ndrical lens 1104 is a cylindrical |ens

havi ng 1501444 ﬁnﬂeﬁ]&%, ard thenayhingrigalnlens 20l Mdneach ahd digpesed sRchthad dige mm

i Fﬁr ::cgﬁﬂﬁ%ﬁ@e 3P0 e TeRei Bl aichonnae ! beninar Wted%gsbs;] the
31 Pnari ol s SRS HELAELION 850 1 Q0 A ThO MR TRaNT it 858 oWiplafed

over | appedwithi técleatierobhethe byylirhigical llémdn i 04l tol Bo®okd@ide t4h RasRgeakAgLHAN
energy density distribution. Thus, the energy density distribution of the
| aser | i ghtlistrbution. honblesi 2bel eperghie deosity t diinzutiadi reft then lbsert hizde tdir ee

I .,.The | . ligh itted. f th I.i ndr.i I 1104 is incident

it s 5y RomiRriizet P Db S curty INSF Bugs dnset- a di ot ance of 305
f th ' ' : : d i f.t-or - I A he.l aser

Taht 1S 17 ancat Py aqo6lighRmided broMiteS ehifrica Nons ATR0 id IRacr "fuud

| ocat ed at cylistiridadriess @fra§51 1054 womehlEs 1dwQteey ki Addik@ake | EMORMIRY FroAP TR
toward the front, and then incident into a cylindrical Iens 1106 which is

| ocat ed at cHinfirsgaddens dfl04cowandt the dnotthe Afydri thait,i thal lasentight iayrandhidhd
v e o0 TRAB Y AT OB AR A ichiies g e Lndt) o2
oo e TR b PRSI0 B5k ke 1R, A RPN
wi dth, 5 nfensn106 which is located at a distance of 1600 mm from the cylindrical lens array
1105b toward the front. The cylindrical lens array 1105a 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, Ry = 0, and R; = 80 mm) located in array. The cylindrical lens 1106 is
a cylindrical lens having 900 mm in length, 60 mm in width, 20 mm in thickness,
R;= 0, 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 1s 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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t hi ckness, R = 00, and R2 = 80 mm |ocated in array. The cyﬁ%ﬁ%c%l | ens
1106 is a cylindrical lens having 900 nmin |ength, 60 mm i&% he 0eo
in thickness, 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 light is honobgenized in the
wi dt h di r eeYliiesnicahdless rll Gt teward yhe fwoek h Tiee doublet scylatbrdabdeds THJS js

| i | Ligh i ng.a.width of i t i st f 800
£ rom ¢ neomppabel B WuRdhdlantt B iR e PIEHoFud by fraarica 160 L7
Goubl ot cyriay Rdrié St KARRE 400G HALhM, 705 i Width, 7o ma il hieRacss, ne
15 24, FEBR/ 20085 ayin, nddi Rak 72 asm 1 10thet @i chh Bk 01 7h E@cﬁl‘i’hﬁlﬁ@«ﬂ lens

cylindrical lens 1107 is conposed of two cylindrical |enses 1107a and
1107b. Theheying{@bimal in lengthn 707am inswiitby1Q nun i tickmeess, Raxzi 9gmdf)odnRj, n

| h, 70 i i dt h, , i hi , R = 125 d R2 = 77

he eyt i et mihe B addiion, e ey Mdrient ltseehl0%: Aag g agrs gatadat an

| h, 70; i k 1 i .Gk =9 d,R2 00 |
aggig:i on, the g%/lrajlf?dslt@a Pgﬁgsnggﬁﬂg%?% %ﬁgésll@%a 5‘}15 @(,75’? g%cha@reaﬁmpogéﬂ "

i nterval ofudh thamiic ctiteaivé ispshiraltdlto tBOS8&hIkRER0oand 1107b each are
di sposed such that the curvature is parallel to the width direction.

Li near |aser |i fimcandadendighoBavimgi 300 emyihiangth nd Orhrim imvwetith issprodecet ed
10 on a _surface 1109 %% a distance of 237.7 mmfromthe doublet cylindrical
| ens 1147 OR iBFHRCEHd 0P ad & distance pf 237 hamm frqan phedovllat cylieduical dewy 1107t
has an ene ' di 4 i in i gh. end. porfions thereof in the

| ongi t udi clfeyfiine oy aﬁzt@ﬁﬁ{ﬁ%ﬁﬁ% bPogttsf 1R BE1BR fif s Al e YEndiBe

ener gy att @iRtdhitth [eehSendPp&iti ' il | R

vicinity of the surface toenbepi rrogllai%%é}ggf &Atﬂviqgtﬁ%ﬁglgggaﬂigc%om ti%hg%?lw he
slit 1108 attensétd.sulmhotdeat td rghovbeank awrtgespenditien regibhs, engiay108 is

attenuation regions are blocked by the slit 1108 and thereby do not reach
the surfackocated Bethe pamediadel viciody ofhibe surfasede badeadipieght Ahavidily aadsa eep

o719 Bomohdon ALE R BE D SEL T b EE SRS B By el
substrat e. attenuation 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 dens'ity
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 Also, instead of three lenses, that is, the cylindrical lens arrays 1103a and
1103b and the cylindrical 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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20 Al so, instead of three lenses, that is, the cylindrical |ens arrays
1103a and 1103b and the cylindrical lens 1104 or the cylindﬁéxﬁﬂﬁlggﬁi
arrays 1105a and 1105b and the cylindrical |lens 1106, a honpgeni z€ hown
in FIG 19 may be used. Also when such a honpgeni zer is used, |aser |ight
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

at t enuat i SHIFXH ervstallinisy.cudmpurisclmendcanibgtactivaiedng a st eep ener gy
density distribution. Wien such a | aser irradiation apparatus is used,

uni form anneal i ng can be conducted for the surface to be irradiated. For

exanpl e, Vfgﬁﬂb@dlﬁ?eﬁaltiz g is conducted using a sem conductor filmas an
object to be irradi atZd, it can be 30 crystallized, crystallinity can be

i nproved to obthi nthis senbedintmt! o mblhodhafi Bbtalfing 4 FEB2AARrHNT ASsHy
crystalli nii;ﬁ{é, or an inpurity elenent can be activated. [Enmbodinent 2] “In
this enffod? ution irenddripnoof inedrdgsea light bp usimgraymidensiill pe described.

di stribution in end portj.ons. of linear |aser |jght by using a mrror wll
be described. ti%8h aSF%L‘%H‘ isigadug B&%@atgwqm dsperileed inshimbegiment

described'nﬁ?g@' t . .0 El 13, mrror is
provi ded 01n° si de gtaﬂ‘agagcgé%ovg g%gﬁ??B’aﬁﬁuﬁggggt]%@@ﬁ%ﬁ%%bdzet %Lﬁif‘ri"cgﬁlog acﬁlﬁtt ral
portions oindlwamd aédrenbstandnlly Qﬁhﬂﬁﬁﬂ@ffi@)ﬂs of | kg PeaeRuAlon! REIGRET Phe
attenuation regions are reflected by the mrror to’irradiate 10 remai ning
ener gy at tlaghihdans eleificamergyratienuative regionseat reftectabbypnbe arigror ¢dicadiates o

t hat th% | inear. | aser |light having a steep energy density distribution in

the end? JEMAIBINE $HABESHiengation Aggions.on Ine theraticauation segions Ade dedecedmen

such a la i radiiat.l tUS.: i ed, uniformanngal.ing can be
SOt 2 S A PR P AT R 38k i) ST ISR R B o
15 conductgsttiesk fgerdoSRHre@icHacsOthef durficaso BB iRRdiafdd. t 0 be irradiated, it
can be crystallized, crystallinity can be inproved to obtain a crystalline
senmi conduct or fWhen $wohi adaseni itmdmtony spairatusiis ysedy vaifiormumnisnelcamednt
can be activated. &Enb diment 3] 20 In this enbodiment, a nethod of
obt ai ni ng %p@{ug@ﬁl AerBy Yufacerip 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 5F.
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
25 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, = ©°, 5 mm in thickness, and 1
mm in square, as shown in FIG. 5A. Note that an arrangement of such an array is
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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distribution in end portions of sheet shaped laser light wlg %9 §Q§pribed
using FIGs. 4, 5A to 5F. Laser light emtted froma |aser ;;él b 4illgi dent
into afly eye lens 1302. Note that, in order to set an aspect ratio of
the incident laser light to 1 : 1, a 25 cylindrical lens may be inserted
as a beam expander between an oscillation apparatus and the fly eye |ens.
The fly eye lens 1302 is obtained by arranging spherical |enses each

havi ng’ R~ He1arramto hsdeqemerpicaly similar thhiaclensssydumhat film tm benammpabacs it &s

o homogentoidfsdcef g, e Sibrio drabhesi 33E1§-”§§%b2¥@¥§xea§%msﬁe:
to | . ot hapiE-iapelobet i
o ke 17051 heabfinh I SETEREREIPOLEI: SF, Btltar; fphi fgset” AT

sem conductplterfdall berisol 303 Brioeabedt aidisthiice SOZG hile FRHN FRAdyAetHARO2 EWIRPWN
in, for exanple, FIG 5C (rectangle), FIG 5D (parallélogram), FIG 5E

(r horbus) , ther fenG.  The (sphgticar lene xXE@Bnhas R us &0 wm, spik R cal 09,626 M30®k i S
| ocated at ,a l((jrillstanrggbgé 200mmfromfly eye lens 1302 toward 5 the front.
The spheri B3FKIESR<2 48 IRFGUAr800 nm and R2 = 00, 20 nmin thickness,

and 150 mmin sqyare,n i ght ivi ded fly eve lens .1302 are
over | apped w t hqgﬁgclﬁghtg}%gj}é @&?ﬁ@%@ﬁ&%ﬁe }eg'%.sl%?’gﬁé ?ﬁﬁ%@?pgﬁﬁé‘g Eﬂ%lbed
| aser |ighbtiel BOHBHphedRal RAMIGR ETRRYShEbSSHAPRH LR 1&%&%@@%&@@3 S
produced on a surface to be 10 irradi ated 1305 at a distance of 600 mMmifrom
the fly eysuhewhoig@petmywaisiribhigon risrftomoginizdd $s tproducedi o & esgfacsd tbobé he
pr oduced she%ié,?sega ed | aser light, energies in the endigorti ons are

f

at t enuat®&gl” i %&émﬁ@ of §0p angpdgomihs flyevs leps 1302 toward thedrent. i n

he i di i gini h f t i di d. El 4 sh t
STt 1504 oitans i3, Witdleshdft Bl ibghfed ShadtiRtpah hier ol kel in b a
15 positiogn@fpdrtiBnsldré alRP4aRHe Ierdurd) iﬁlhéfdglritghfeng(;?/\%"ﬁxigoﬁrﬁﬁ ] Eg to

the energy attenuation regions are bl ocked and there do not reac
surface t oldmtdd imtticamadedidB0Gicidihuef tlehaeface sqlberiefdihabedFi@seshdwe ihe
havi ng a steep Sner y density distribution in e_nd_(i)orti_ons thereof is
produced ofillt HeV&urhgrat tls vewed HameelighBbsam insidawt ssiderhodi madth, andea

slit is lilu Of)géi?ignat;f ﬁecglﬁtlagbﬁear%fse? stch Ma?q}g%t%%gﬁfsrca(}r?éspyg&i%g to the enefgy

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 example, 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.

18




20 that, even when the slit is replaced by the mrror, linear |aser |ight
or sheet shaped |laser |light can be simlarly produced. VMen§§$qq§?%@$€er
irradi ation apparatus is used, uniform annealing can be conducte t he
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

roved to obptain a crystalline

I'lized, tallintt n be. i . )
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Enbodi ment #inke, tadeBgthTofethe ladee light én allowgitudisal directionds shlofter thag dnarside af ea
Substrate ile relatively shifted (FIG 6A). At this time, a |length of

the | aset MSRTEEnarga) Bivgiaieeisoathali entive; ymepling Heannet hehagnme%ihje oauiy5
t he | . trat th t nneal i ng cannot .be conduct y
onty. *scanurnuth 1 @ frectfns  Trefd! I eHROET sl vaRRiRL i CosRiGH bRl
conduct ed FimHsakhilé 1488 1At mlo?8in!dt Wist bwo MHMRHohE tﬁ&réb?aﬁ)trmtiﬁég’r%ions
directions, thereby formng regions in which the scdnnings usin er

light are aujddenthet sranniysatshey lagsr Kfavwre iadjdcb® to &Rh dihvexeshowmseFIGE ght
pr oduced bé t he present invention has a steep energy 10 density

di stri buti BB-i fHewavegedesesdight progdueed ézwé\mmgsmlm@gmmvls hasga ?f@t?p cﬁlergy
. +.Th fore...unif | i o realize or the

Peg ons 1 ndghiigh SifaSuidiin T RRERRy Foulr pGibicly st enpot Bobetaed.

ther. As e . [N
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using FIGs. 10A to 13. A substrate on which a CMOS circuit, a driver
circuit, afebdrate gen bpsiidized vithouny asteT ferehwmiarkasdly smprosring thronghpitt or are
formed together is called active matrix substrate for conveni ence. 20
First, a substrate 400 made from gl ass such as barium borosilicate glass or

15 [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 matrix 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 quariz 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

26 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 (401a and 401b) is used
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al um num borosilicate glass is used in this enbodi nent. Note that
substrates such as a quartz substrate, a silicon substrate, ag¢ 3%#%“
substrate, and a stainless substrate having an insulating fil rvee 086
the substrate surface may al so be used as the substrate 400. Further, a
pl astic substrate having heat resisting properties capable 25 of enduring

t he processi te ratyres used in_ this enbodi nent may al so be used.
Because t h?ss{h%rhlaén%el 4&{16“ dhiseambadimeat, it aranglgdayer ofgthe abiowh-raentéoned

excel I ent : upj.tarm f nergy. dj stribution, .the | arge area, substrate
can be useﬁgﬂhfélgg,rﬁ%ryggdgeﬁl? ‘lglbrgnugﬁg’ ?‘&fid% S{IPSW%W e EJPF‘F]&E\‘W TR Lyess a a
silicon oxiageinatetllmiay @ls6ibeiyzed, nitride film or a silicon oxynitride film
is then forned on the 30 substrate 400 by the known nethod. A two |ayer
structure (40laNex, stispnilsctos éayet 40240 HEB 2 formed tdnethRase ffillin 4Bisi N

t hi s embodi t, hut single |layer of the above-mentioned insulating film
may al s@ b Sgmigercucten i dg farmed JhiacB0 mor thick fprefarablyadtos6Gmms) by a

formed on LR g, (1186 as {He' sp dEReB RN e FIECED Mot Db lremans
to 80 nm tOVIK {eRRSd BhA MY 1iRO), t OrRN e %ﬁon&t@& ' ﬁg?ﬂg@gﬁgd ﬁﬁ eat 1?’?%) |

sputtering nethod, the LPCVD ‘nethod, the plasm

Then, the eysfatiorationt methiodl mTiw lasststrablallzetonymehba$ethat GhY 35k lighakhon
met hod. Th Iasgr crystallization nethod is that the laser light shot from

the | aser i9Madpp| &aFet olst HppPlied onthectsemiconduchy: dilpl ybyngapplying dfe of
Enbodi t 4. , t he | tallizati t hod
but ol o8 EmbofifindnusdisA c Bfsoife 53t boly e crrerklicarion cnehagious also
crystalli j 1398 ' ; al . .

cr);i:t al | : %3’. g{r?e?rg% hod Si;&ﬁ'ﬁ%lﬁﬁ%t%iﬁ‘hﬁgﬁ% F@’&kggﬁe@ﬂgn‘gp g{agﬂf&ogl @Fg’é’ﬂ on)
may al so besingatfuneste Haiculing) the thermelr fr9ttatta6bn hdBoahistid afbtardshirhld ne

sem conductor filmin a desired formin order to formthe 1% sem conduct or
| ayers 402Vhghipmate crygiallizatidnk nmy alsb rheneymbimedn Patremping is performed on

h
Sem conductrottingy Gy i SRpURgTaucier S o doviest [T i sgenie ravsound
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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.
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
25 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 pulse
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 2000cmy/s, and it
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20 In this enbodi nent, plasnma CVD nethod is used to form an ous
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400 C, and, by. dj.sch a high frequency (13.56 MHz) electric power
density ofla(.’)ﬁlg {‘BHGfaggwfgne Good

15 Further, if a silicon oxide film is used, it can be formed by plasma CVD
with a mixture of TEOS (Tetracthyl Orthosilicate) and 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/ecm®. 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

26 408, 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 (WFg). Whichever is used, it
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characteristics as a gate insulating filmcan be obtai ned by gt%ﬁgggue%l y
perform ng 20 thermal annealing, at between 400 and 500 C, of*t i £9480n
oxide filmthus manufactured. A first conductive film 408 having a film

t hi ckness of 20 to 100 nm and a second conductive film409 having a film
t hi ckness of 100 to 400 nmare then fornmed and | am nated on the gate
insulating. film407. The first conductive film25 408, nade froma TaN film
havi ng a fllsldrﬁcgﬁa&ﬁ%gg agie t:?dnﬁllgﬁ Hﬁrﬁfmﬁ@%‘ég&m e ARCR T QRder 19 B as amde
froma Wfj i F i f 3 70,003, ar nd_| am,nat ed
0 this enbag oot duth T e RHIEE I, b e SEieTof the 3V B HmafC urfng

of a Ta tathpet20 gQpar.formed in a nitrogen atnosphere. Further, the W film
is formed by sputtering using a Wtarget. In addition, the Wfilmcan al so
be 30 formed by Noierthal abtpughithg fishgondncireex fifinuéds de TaNEGnd Wi sl i S

used, it_ 21 2.4 FEB.2006 . s cessar o _be able to make the fil m becone

| ow resiSSt%%CitlHe&‘]éér4%tgolsu e 1 ttﬁ‘és‘%/né{’o‘&&%eé‘taeih@& AEJEO Rasticylar jlimitations

pr ef er abl A RYARE" t Lf L] made., | e t han 20 m
Note t hat B Rouh i E5pabatie Kk, Mhe it ePlged B B3 nehecierd s
conduct i vecdddumi4Filins 400 iad Riso RITBRHEEALM 58l SeNRRPFOLE %Heag oup
limtations placed on the conductive filnms. The first conductive f {408
and the seewrestingontites W, elif Mon ADCwer, ainsdNbeof fronedn falloy mateeiat hevin

sel ect ed from%&eﬁgr%ﬁ consisting of Ta, W Ti, M, A, Cu, C, and ,
or from an®® PolPCiaetnets AR Mpin sRasiucht, ot from awhemicad sompoupdiof these

tit hem f . th 10 el . _Further,
e contuctSPRPI IR &b Rloo BB Yainky 1irAEA: JorSFRtAifias i<tk live m
i nt o whi chsi#igos H RIEAH i i : I
Iused, als ma!y %ﬂ%rﬂz\gfﬁg%é ‘glhl oy. ﬁgﬁﬂ;ﬁ‘?gﬁ{éygﬁ}g{ %b?%ﬁ(?sgﬁﬁe r%e@%ﬁ e? r%%’ P Eeggll st

usi ng a phiee vbdd, asgnaphy AgldChiadloyand a first etching process is perfornmed

in order to forrpgel ect r[ﬁdes and 15 wirings. The first etching processing
is perforned i n Mager dhhde 13 B¢ ifpancdmexs duundesist ubing & griwitelitographyG
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15 wirings. The first etching processing is performed in accordance with first and
second etching conditions (FIG. 10B). An ICP (Inductively Coupled Plasma)
ctching 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 (sccm), 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
voltage. 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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m xture of CF4, Cl2i and 02 is used as an etching gas, the %gfréﬁow rates
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(first confiustdondutiiVesilndlitd fhe sé2a@ad cmcﬁﬁewﬂ%sp@gn@wtﬂm&%téﬁihg?rééés@. to
422b) are thus formed fromthe first conductive filhs and the second

conduct i veRefergachpumesali 416 derotehiargptpinudating filef enédmegions met abverkd b};]
denotes a gatg insulating film. an egi not covered by the first shape
conduct i veg?ei ﬁFﬁE sﬁ@e oo Wﬁ?@&?ﬁag%%iﬁ ﬁgaiﬁ(}o%ﬁg&ﬁe épproymaelyi 0 §p nm
t hr ough;et Sbidﬁgthxﬁuéﬁ%ﬁﬂﬂngt ching process is then performed w thout
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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

30 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

26 ion implantation. Ton doping is performed with process conditions in which the
dosage is set from 1 x 10" to 5 x 10" /om?, 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 phosphorus (P) or arsenic (As) is used as an

30 Impurity element which imparts n-type. Phosphorus (P) is used here. In this case
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masks (FIG 10C). Here, Wfilmis selectively etched by usi n%\/gm C12,
and02 for the etching gas. At this tine, the second conduct ¢ FEB/Q@% 428b
to 433b are formed by the second etching process. On the other hand, the
first conductive 20 |ayers 417a to 422a are hardly etched and the second
shape conductive |ayers 428 to 433 are fornmed. A first doping process is
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arseni c s used as an 30 inpurity elenment which inparts n-type.
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t he taper %grt. of the first conductive Ja%er is added to the inpurity
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whi ch tie Rosafnied Wih groO8s lcotdiHOhR th WHicK the dosage is set from 1 x 10% to 1 x
10" /cm?, and the acceleration voltage 1s set between 50 to 100 keV. Low
concentration impurity regions 436, 442 and 448 which come in succession as for
the first conductive layer are added to the impurity element, which imparts n-type
within ‘thc range of the density of 1 x 10" to 5 x 10" /ecm? 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 opposite to that of the above single conductivity type is added, are formed in
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1017 /Cv2 , and the acceleration voltage is set between 50 t% }L%g;ét% %ow
concentration inpurity regions 436, 442 and 448 which cone i % $ g n as
for the first conductive |layer are added to the inpurity el enent, which
inparts n-type within the range of the density of 1 x 101" to 5 X 1019

/[ CVM2 by the second doping 20 process and the third doping 8éogess aRd hi gh
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Phosphorus is "added at different concentrat rnto the inp
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process. However, erform ng doping such that the concentration of the

by ] )
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to 5 x 102 nB8. in ea the regions, no problens develop in
maki ng the%éﬁsﬁét%@ﬁﬁqq%ﬁ?iﬁource regions and drain regions of the

p-channgl TFT. 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

26 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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15 The inpurity regions are thus formed in the respective se@i uct or
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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
pm 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
uneven 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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100% may al so be perforned as other means of hydrogenation. 18 %F{@c?m
interlayer insulating film462 nmade froman inorganic insulating film
material or froman organic insulating filmmaterial is forned next on the
first interlayer insulating film461. An acrylic resin filmhaving a film
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film having a thickness of 50 m and an alloy film (an alloy of Al and Ti)
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accept akpy e(F@_rfj}_er , Al and Ti are not limted to the
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 pixel 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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wiring material. For exanple, Al and Cu are forned on TaN ?%Eﬁ @r,;d t he
lam nation filmformng the Ti filmis fornmed by the pattern 5 4806 or m
wiring 15 (FIG 12). Furthernore, a pixel electrode 470, a gate wiring
469, and a connection electrode 468 are formed in a pixel portion 507. An
el ectrical connectionis forned wth the pixel TFT and the source wiring
(lam nation of ﬁgga ﬁndlﬁg"?’?’b) by the connection el ectrode 468. Further,
the gate WBIMy 260 ther 'R £RnesHEation: dnppntyc segient 43 (WQRD: megiga) evhich

el ectrode i | xal el ragde 470 forns an el ectrical

connect i onwﬁr%aﬂgtvﬁléﬁgirl%ﬁﬁgtr 8%-@@ X;ilag?r %%%a ﬁ}ieﬁtf ppes énﬂorﬁlﬁna%tg&l“i &fe

forms an ellesttddegalndceing H@Bn&érﬁﬁt’bﬁe'@iﬁ' oRgduGt ool iC

functions as one electrode formng 1a slto agtg o pac%tsgr%l{lﬁh ?lgl?%}rgg%eragl e

to use a rfONEsd rgiomet aglrasupegionr Tled peshiannelt TFT S0 wabcl finhdnira@MOsA

or Ag az It.s nmain_constituent, or_a 25 lam nation filmof such filnms, as
I

the pixdl ST e theon-chaprels THT 301 anshpls cdedrode niGéhdynen TREMGEN and
-ch . . odrg ' it 506 hayi -ch | .TFT 503, d

The pieel GRPECIAR s aobhiElel Sorbie reSnohtinthedlad folentayae imniripe
P > a - .

Chus compl cEen TG Fe@RPwhiPet arfis il i i BnbBLAVS1IUEFROR o' 5

channel f @trichge2d ppridofrBBi1R0fMe egtrode Adt thbhﬁﬁﬁ@@h@@ﬁfa@l@hﬁﬁ{ﬂiﬂﬁy rBEGhI tY
region 436 (GO_D rglg_l on) which overlaps with the first conductive layer
428a t hat el BECHO8S @8] HFOWEe tThgiogattea delingegione; Fantherhthehi-ghannel

t.rat ' rity,regi;on 452 whi.ch fuyncti,ons as a sour.ce rgegion or a
drain rogi Dhl SPRdtEs: alchaminyl pepli SBIQR 444, 151 I0W eoReoaREOR EIUERY Fegionh
t he n-cha 0 I 6 : jica o) ct,i qQn
has: a chamrqlﬁzel(@?gﬂ?ﬁ%e r g?%ﬁcﬁ4d§%tr{aﬁge\v§§v %h%%(f:ﬁelér}n ?%l?(ﬁ%cﬁlwlgrr%)a r ft@?ﬁr i]bﬁﬁon

454 ( GOLD stegiwe aoiiidn of tid @ne elictiodefvnd fheHigk eapésiiaion! iRiritd 298ichhat
structures a portion of the gate electrode; and the high concentration
i npurity redl WRIChAmgclipneas 4 seirce segionor a dsaimrregionegi on or a drain region.

e e SRS 1Py 5 Bl L e s i
the fingt HENSNCedntentai&E iApaRt Ralion 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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structures a portion of the gate electrode; and the high concegtration
inmpurity region 456 which functions as a source region or a d&d: ﬁﬁ@bgg .
The pi xel TFT 504 of the pixel portion has: a channel form ng region 446;
i5 the |ow concentration inmpurity 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 el ement which inparts n-type and an inpurity el enent which

i mparts p-g%ﬁg dinSed¢ded to the sem conductor |ayer which functions as one
el ectrode t%e'stor ge capacitor. 20 The storage capacitor 505 conprises

; ; . j |
an el ectrode (| aviptatdserofomaftdfrnait: ﬁ%ﬂkctl&?ﬁ%ﬁ?&gﬁﬁ%ﬁ@&&ﬁ%&eﬁ%r%?(fg%es of

with the insulating film416 functioning as a
t he pixel Bbecthecadiveanatrii spssatt manafctiedve Boadhivent Sasegplamdd Bedwsuch

t hat gaps bethween the pixel electrodes shield the [ight, wthout wusing a
bl ack mex rindhisgmhodmeent; x &ilGs L4 ik uspddnghe ekplenativiodi nent . 25 An upper
surface di agram t pixel. portjon of the acti trix substrate )
manuf act ur ed by ias(:%g/ﬁb%?%nsturbista@h%ﬁh? rlgt%?d)%/%&ll\ﬁi éstlﬁﬁf qhiingd nin
reference gsousp@re t | t [ 10A
to 15, A Sharpuecol e BRCOIRIRDS P RRpSAEACRAT S by (08 dh 3t B

di agr am cutheapianp etectiodai 470 onethd-Rtivei ibirix Fhbstrald of AUG.NEL,, ardd ahabBidg ne
B-B in FIG 12 corresponds 30 to a cross sectional diagramcut along a
chai n |i nePB<ESS ¥ pafarmed Note tigatp bafaredorme [iEnbbghment fibin 26Priocthss of

f ' . reflecti t | Loui.d | .di.spl ay .devi f th
ot ve et ¢raoBishGie Sobinihn G2 205 AOkBhh dEseeorungi PrinlaTeecw 5
act ve frat 71 XSS . 1 Hrefodl fEHiCpeienpuimnidiarseec
ubstrato Ty horaim e pich b8 af SRR PRARL Y, i Brd bRl R

Enbodi ment g&p betwedni grbveratest i [HorfiRy, d[ﬁletih@lnsﬁa(ifeflﬁﬁc@f@ byl B85 be difieibRieE!
el ectrode 470 on the active matrix substrate of FIG 12, and a rubbing

process i sOydrthe ertee susbtcs aftthe subsrase es a onbstitgtet foe the cgnmemat spadens.567 i n
tpg![ ts e}gi ﬁgbggi TEQ bpggéiﬁﬂﬁﬁst?ﬁg%%’g i%i)zre]g)zﬁeacr)lregﬁd &glogi%%i lgggrspg'?d :Eull rSI%l,b Y
15 and a leveling film 573 are then formed on the opposing 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 possible 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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organic resin film such as an acrylic resin filmand the like, in order to
mai ntain a gap between substrates. Further, spherical shape 2%‘3?%35* y

al so be distributed over the entire surface of the substrate”as 4
substitute for the col ummar spacers. An opposing substrate 569 is prepared
next. Coloring layers 570 and 571, 15 and a leveling film 573 are then

bIOlrJe co?grlhggt%iaﬁggﬁﬁggg’i’%g?lzc%%egpéﬁgéﬁa%w&@%I |Ogr;|h'? ) sﬁiyglrdi ng Sgrt?on_
Furt hernore, theali ; i ) | . | !
au:)orteir'onrgf thg r:a% lcogl ?r ?%g :a;?gr (:;N:Eﬁﬁd%‘:’r’@eﬁqgagg%%ﬁ%ﬁg%ﬂggé?t}&#ﬁrma'ﬂ)' ng

substrate &iroved on thebedilimpnfilih 378 veqdati Radthths RREIOFHABAL an ARnihek eligf €
with the fto%s,urface di agram of the pixel portion of Enmbodinent™ 5 shown in

FIG 13, ip/fdsniesmedapyert het entie surfiate, of like gppokiagvwestiatee gat e mibbing
469 and5the i xel e%ectrode 470, the gap between the gate wiring 469 and
the connecPTYSS BIREIYBIFY- 468, and the gap between the connection el ectrode

468 and the pi t i Qmlight FEach of the .
col o1 ng | ayer s e, BB AR SRbc STEHERT pROPORRILAE B fiver Sritmce
fromthe | ard fhieoh aafl thbe)@@lsmgi Qibstrafty #feSthRhGolRUNBY ol fbalfg! hhRFR1 KBA!

an sl ng

must be shiel ded fromlight, and then are joined to the opp
subst r at e. A fillpsistmirednindbe pealighimatarinl 568uard thectwuisidestracds gregored vehiéps

by performn li.ght shi.el di ng ,of the respective gaps between the pixels by
using the P}agfﬂhaugﬁ%& Hifrm ﬁgﬁBrQCFBW@PC%‘Hﬁb%ﬁgﬁr and the gplannaspagerst he

| ori I TS 1 W et 4. F 005 |igh I el di I
Cuch ash B SR SRt Ina AT B % 2, fiseres, BeReean, Bl 30T NS
t bulsspgksCai ' ' ' in i !
east the pi xe R e e oy e T

surface of knewndppiad icngstalubsteriat enayaredused fiobbhaiquisl @yseessateSalErs. orTieg.

The active trix substrate on which the pixel portion and the driver
circuit aFngFePC&PHeHPeiHH“ HEYHpheEPiy duvise shownaime Flied4) isi thus coynpleted.

2eal 9 T el e S SR AR B
accor dargeifwdcsdaif T in hdfitidAda bbRrGM PR (RAREEHD 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. It is possible to
20 become the one with enough operation characteristic ﬁnd 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.
29
[Embodiment 7]
In this embodiment, an example of manufacturing the light enﬁtting 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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10 Aliquid crystal nmaterial 575 is then injected between both substrates,
and the substrates are conpletely sealed by using a seal aht ngtZ%Qow‘n I n
the figure). A known liquid crystal material may be used for the TTquid
crystal material 575. The reflection type liquid crystal display device
shown in FIG 14 is thus conpleted. The active matrix substrate or the

[ t s th t int desired shape 15 if negessary. In
addi t1 on, 40568 Subfy i e sovanduenines ad 10 Gr sPreidusIReatpdulEon! y
th [ ; : P& daSaith t d P Kkn .t.echni.que.

Li‘qui d or y SEapPar i svigh g Sorctul BBy AERE, HEIEB A ni G gy
usi ng t he eemicaphadiatlayerf incidik b @eaipoundiaeshRY PesRHESukiiRedRAEE chfé%t
with a very excellent uniformty of the energy distribution is 1rradiated.
It is posstt¥pigeddy applyitpar cldstriofieldd ueimoug tbodp}glrand a'mm}eg Iaagaicq‘:e&hbﬁés,i ch
liabj i ft b ti dJliquid crysta i spl ay. device. Suc
Zn?i (rqﬁi Icia%é%lélhﬂﬁi SIE‘?a@egt\é u%ggﬁ%ggge al§1l gg’é@@ﬂﬂ%ymﬁb}dﬁﬁ ofrlglei iflghhrﬁilmﬁslﬁnypes
f el ect ' | ) t bt 1 ssible to.free conbine this
O one oL U BUPIEI) W ol bogh By PR el el yROIRRE
an exanpl earnf thed t%@iiﬂﬁibﬂ%pﬁ&@hbf&ﬁ‘énﬁ?ﬁt} 1péh BN ffdn HRY #h1&_excited

manuf acturing method of TFT that is used for formng an active natriX
subst r at e.statg toihe gapucd ftateatnchuding hay br bbth efiightiengssloni ce i s the general

termfor the 30 display panel enclosed a light emtting el ement fornmed on
the Substrate b&t HRESPEEbICAtOn: all fgersoraedrheburen Sinaiodstandathe qﬁﬂwcbauer
menber , ,a t : 1.d .djsp dul.e ,equi d TFT wth the

af or esaid Fslg e{ggsp%h% %T%‘_griﬁdégﬁet él?fﬁ/e,rg)%éhq Hfﬂ{nd@% 99¥ng B‘HBWLBS%{?CQ
layer i ncllggéngh@ heRRQedibn RywhithE e?d%tr%hﬁcfrgéﬂtiﬂﬁ B?élcqggﬁof@ aﬂﬁ;or@ﬁ%@' ned
by applying an electric field” (a |umnous body), an anode, and a“cathode. 5
Meanwhi | e, layére aidetite eleghionis transmortationotyetinetci agd woraetdhy ihtluldtd e gl on

fluorescent .Iight) upon returning fromthe singlet-excited state to the
ér ound st BN body. | gt lwamingseemge (glpmeph basicaldythasi tist jtrugiore thatuthei ng

];][ Olmi ;Ef gzﬁoéﬁlgﬂl)a;?%ff 'th€ Yurt Bl &ak? fa%r,grag . n&eStcg%%’dei ?a%zlelrJ d}iﬂrég sgc? en%rallgfm h
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

3¢ structure, it is possible to use a double gate structure or a triple gate structure.
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In this specification, all layers forned between the anode and the cat hode
in 10 the lum nescence el enent are defined as the | um nous bs dyFE%hE@QS
| um nescence |layer, the hole injection |ayer, the electronic injection
| ayer, the hole transportation |ayer, and the electronic transportation
| ayer, etc. are concretely included in the |um nous body. The | um nescence
el enent basi cal lM anode | ayer, the | um_ pescence

h h
| ayer, and the ca??@g%ﬁ ’: Ze'; {”’iﬁ’tégéigge?@?;?q%‘ye 78 18NN 1wpes 19 thet MO es
| ami nated Eict %ﬂﬁle%etvhi@inggma% @¥Xfhin Jvﬁglga?lo' ehllll\ggﬁé,' é’%ihﬁﬁ%z; steP\?eesCri\ﬁ on

| um nescence | ayer, the cathode l|ayer, t node er’, the fiol'e 1Tn

| ayer, t heawinngds ctrutrcdlbyesnnechbetoleentthe Bbwrce MAASPE MRAr el s@URYe reltsh t he
cat hode | a%eiqr@\, etc.. in addition to this structure are occasionally
possessed. OFIE switching 3 Hlewthilsihe Wiriag 796 servasgista witing o gledtridatly apinneti s

mbodi ment, _| FL.G. 15 the switching TFT 603 provi the substrate
700 i ror Rty e h Winoere B BResn redion el (3 SeRefingslt Bonscquent |y,

concerning the egRhdail r B e ' tg refer

t he expl anati on onlt he laﬁghhgﬁﬁgﬁpﬁﬁ&@ggwl (ﬁ% %%%é@ﬁ??&ysm%%pt%a n'ﬂe_

exanpl e i TSN 202olibI@. G2t e Conseipicnr]y, E@ioRBSnMithd expWBaGHR B She §RAUORS it 1 t
is possible to use a si ng{{e gate structure fornmed wth one 25 channel

regi on or ¥ $atisfcsoryoeretirrtoctharexplanatiod an tite p-chemel THET GORv edncidewtaily,
CMOS circuit of FIG

rovi ded op. t he.substrate. 700 .i s formed by using the, X
12" ConseqtealT TS sERp gt i &f &Nk a4 Arifiies dt isqassible euse g dogble
sati sfagfo y‘e%ﬁuﬁﬁtfgbaéﬁﬁgﬁ(@té‘gﬁﬁt?‘?e on the n-channel TFT 501 and p-

channel TFT 502. Inci ough this enbodinent is of a single gate

30 structure, itMenpdsiki bhe wiflnd PR IQWblifeIRiend bF URE WulreRf cBnirbl M
gate structure. 31 2 4 FEB 2006 anwhile, the wirings 701, 703 serve as

source wi rPPécaresphadiogs a cimrenti supphy live) whileithé mgring 7/ 0dsisandelactrodid td Ng.
Meanwhi | e, s as, awring to electrically connect between

i ri.ng, 704 . | . .
the sour ceb% %‘g{égg’é‘é %ﬁ%g% Wokhe dixegrishtrode THe bywbeingi ayertatt anpixel t he

wiring 705.% éggéﬁfggtﬁ/g Odgpeg}tt%ﬁ'of'f‘w cally connect 5 between the drain

wring and t rain-regi the swi tching TFT. Incidentally, a current
control 15TFT 604 Meah@hited 70Y #4si HxéINElcPr6B@TREdde SF b ﬁgﬁt-eﬁltiﬂ%ﬂng elbfnent)
e, |

Consequent |y, concerning the explanati on of the structu

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 electrode so that a light—émitting 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 Incidentally, because the bank 712 is an insulating film, caution must be
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Is satisfactory to refer to the explanation on the p-channel TFT 502.
Incidentally, although this enbodinent is of a single gat }t Eggtg{@g It
is possible to use a double 10 gate structure or a.triplee%t t ture
Meanwhil e, the wiring 706 is a source wiring of the current control TFT
604 (corresponding to a current supply line) while the wiring 707 is an

el ectrode e electrically copnecteed tq t.he pixel. electrode 711 by being
over | ai d aﬁa‘éﬁx@ 31%8}6&&%1%%&0%&“ Breakeovay fueng deppsition: T thissembadimente,
711 is a pAdRUd iglaeskped - ght- emi:t L : t or red a

t ransparent conldt‘}ctive ??lﬁﬁp@%ﬂﬁl&gﬁa&%ﬁ%g%@%ﬁ%%El?liﬂSag%ﬂaiﬁr OI%
used a conpound’1d iedélym exiudieganesistivitpXime, suppERERGUMcOfrehddi diMgpatide
and zinc oxide, zinc oxide, tin oxide or indiumoxide, or otherw se nay be
used a trafRsPigidnt lesneletdase the ladditiomamonniaelientban b nghl pariclcThayiexel

el ectrode 741 20 .is farnmed on.a. planar ipterlaygr insulating filmg 710 prior
Lo’ T or nng IHEERS ProGue A rSRred ofouithSia | x5 107 Swdpseteiapdy dand0] i 1

pl anari ze j(jiég;l?lgp due to the TFT by wusing a resin planarizing film710. A
light-enmtting [ayer to be formed | ater, because being extrenely small in

thickness, possiAllyndacsebo®pdn 3! i dbimedionsthe hidiieelcé@odd 191 P eﬁﬁgg&nﬁﬁya
step. Accordingly, it is desired to provide planarization prior to™’

form ng a 3theugheFEGt lédshaws wmdy end pitdl,- ehis tembglihmyersepantdie fe@methaas

pl anar as assible., After formng the wirings 701 to 707, a bank 712 is
formed as IgﬁHﬂﬂuﬁ OdY—'F@Ieﬁ@n‘iFF%lygﬁﬂke rasperiaie pelorpphBdrey), Safgreemy and Bn

I nsul atygn I \m Qs Al G S| kel ont-ai ni silicon having 100 tp 400
30, R e SN G (hBCRpON A 3 FE P 8% R RAF Mg Corgans,
must be 3Z%lecHolnEBn2RR6t RAbR D 1B} eABNepRkRRIT PSb&kEC %@@aﬁféangbgg{si W a

deposition. In this enbodinent dadded is a carbon particle or

particl e tlenunationstraciug Havimg as cappat phthalodyanine heCulynKlm Izrovideer @by
reduci ng resi.stivi %ié and su%essi,ng_occurrence of static electricity.
such a cadBICkigss 9f &0 M adelt Injecting Isier andrie trig-Spprinelinelawyalberisum

ad ust ed LMK 3898 FER fblide¥nlecn 2 A%RickReds 2 05 A 4 BBl Ehitin

15 layer. The color of emission light can be controlled by adding a fluorescent

n

X

pigment, such as quinacridone, perylene or DCM1, 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 therefore) 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 OIganic
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 clectroluminescent material (referred to as intermediate molecular weight

30 organic electroluminescent material) which has a molecular chain length of 10 um
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A lum nous body 713 is forned on the pixel electrode 711. Incidentally,

al though FIG 15 shows only one pixel, this enbodi ment separafel gf;o; t he
| um nous body correspondingly to the respectl ve colors of R (red @
(green) and B 10 (blue). Meanwhile, in this embodinent is forned a_I_ow

nmol ecul ar wei ght organic electrolum nescent material by the deposition
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col or of enisg$ dorinedhby cie B@mcéﬂ%é%%gth% gy '1'1%1@ 1ﬁjrdéﬂ5ﬁ5&$'@f an 9EENT

such as qui nacri done, perylene or Howeve or egoi ng
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for a phos hor d nqot,  necessarily limted to this. It is satisfactory to
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a high nol ecul ar wei ght 25 organic electrol um nescent material. Int

speci fi cat PEArOBRIINgSeEinaAtemials Gﬁmtéfgam@rm&\‘létlglﬁtca@rtgamknowamatteahl c?n V\ﬁe )
I cen teria e

does nol? nave subt Ehingfipd2if o artidbietiFe Fifg IS opara oo e dpanaps bog

aggregat e Wi chybass Eﬁﬂb%@lﬂh%?ﬂr g? g?@; e(%ﬁiu%ﬁv!: ‘fﬁﬁ% is u% 3R alfdf gﬁﬁecu alu%uérht

el ectrol um nescent materi al to as’i errre iate

30 organi caed dthinod, urﬁ)ﬁesmalalkﬁbwml tg)ﬁtg/\ﬂlri:‘i alll@ﬁfﬂmf@ﬂ Rabh&iumhadsilwpyt h
of 10 Itrn 33 2 4 F 2006 or less (preferably 50 nmor |esS). For an exanple

of using tBBYhPgHIseEl e\ dre ocadiagiet mateyial i maﬁlb@tusodmnqmeslueme fidtenifadn a
Do % ot e TRl PaT e 1S 4Rl relod Ll a6iuim Lsat 2o O% LSRN Mg aded
par aphepy! A dcheme16RBY). of about 100 nmon it
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 diode
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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S as alight emtting |ayer may be good. The | um nescence wave |ength can
be selected fromred to blue by using the rr conjugated hi gh@ﬁal | 2805 of
PPV. Meanwhile, it is possible to use an inorganic material such as
silicon carbide for an electron transporting |ayer or charge injecting

| ayer. These organic eI ectrolum nescent materials or inorganic materials

can be a kno mater at hode 714 of a conducti Imis
provi ded OB i a‘!fdﬁi/\vl Xl?ﬁgfolﬁﬁmt%f QX@%E?E?“M% prfgzlitgé 1thégtf}mﬁve
ilmis us

MJAg film @tﬂl&qwﬁc}m c?:‘ %E@ﬁéﬁb%ﬁ*%&%&s may be used. As the cathode
material may be BgfiHensieNdwsil menfbel m1gfis %‘Bowﬂé@@ﬁ"che ?ﬁbs’i@ﬁ’i&gfﬂrﬁ g 10
periodic-table group 1 or 2, or a conductive film adde 15 with such an

el ement. Abpng At casier tm¢mbelel7b‘3renF0r7ﬂlﬁ: seal coompbat BV asedamtaiyriee wa wiiteegyw ibhatred

up to cat hode, 71 dentally, the light-emtting el enent 715 herein
refers {]50 IAYIPS FESITF o rlfrd%y eF*r‘nV%thnPX‘éYld@Ith’éﬁeﬂbéeﬂl@)&ﬁéﬁ%%wmg a diygroscopic

light-emt h 20 0t |s ec provi de
2 passi vat Fech PPYD afecgRat RSB otiEem Bt irabis, GRpSURTEL e 1R RoVE:

i ght - emi t hiefghed! EIBBRed 43 2- Hﬁi?‘s%u5§t§§ﬂevéﬁél@i‘sﬁﬂsltﬂﬂe 616?1%1&1(: &R;rsﬁ%?e @Mcﬁﬂing
|nsulat|ngfllm|nclud|ngacar on Im a silicon tride fil ra
silicon ni arplatéla)fdrd}a hfving cahon rﬁﬂms (ipsefambilndidmondyyikei dasbdm ffhrns)' fginged

| ayer or a n‘glned | am nation. 25 In such a case, it is preferred to use
afllmfaveﬂé}b? ot SurkAres Hifgeafs a passivation film It is effective to use

b fil PIEC di | i,ke ¢ bon f The Cfilm
2a§2[)| gn]ofI bg: ng éé%g%%rﬁ@gl n'Sa® g“&‘?@ ﬂﬂ}gedevrl% ﬁ#flgn%utr & £ om
room t enpeFpGULS, ERAIERABASH iVeBERR tfoec%n%ﬁbuélp%arﬂy Afts g% fé‘ﬁash;g/ &
713 low in heat resistance.” Meanwhil e, the DLC ' m haV| ng

bl ocki ng eflfeear, the poagege o faamn apapgivasen filve 71|69ifter¢mmingrtgbhlﬂy€12 Bizihsiﬁg)m
34 2 4 FE B 20,015 oxi di zi ng, Consequently, the problem of oxidation can be
prevented f epﬁ@tlpp@pparaéﬁ ot 7 eyl Flaﬁa@ﬂbﬁlﬁbﬁmﬁ G ithking sthemngng Iseddition,

br 0cess- PYBMRL IR YevBiopiilnt TPIPRlss I b oRIRUOESY By' O RAToLaS §hd ! ™
' 15 bonding a cover member 718, without release to the air.
In this manner, n-channel TFT 601, p-channel TFT 602, a switching TFT
(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 possib'le 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 TFT

30 formed by using the semiconductor film thoroughly annealed, because it is
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bond a cover nenber 718. For the seal nenber 717 used may be an
ultraviolet- 5 ray-set resin. It is effective to provide ther&i%rF%ﬁ 2006
substance having a hygroscopic effect or an antioxidant effect. Meanwhil e,
in this enbodi nent, for the cover nmenber 718 used is a glass substrate,
quartz substrate or plastic substrate (including a plastic film having

st faces «HEiBed' B Rk NATHARC hadls SBHY RRgallen nitari chedt disiabrivgna
struct ure FTherhoen tﬁ@ab&}eﬁinﬁﬁﬁonéd;ﬁgﬁﬁ%gﬂtibé’de{v'ce‘ ﬁ.oﬁftéiﬁﬁ% 'eéggélg gpeyatian_

continuously carry out, wthout r asin e air,

a passi vat charaétetistia’ afid atligbilitnr nSneh a Iplenfilitndilewist Ran R GREOH disply
apparatus of a multi-chanber scheme (or 1n-line scheme). In addition, “with
further deP@ltHpheaioyselpeiremisspipmends.conti nuously carry out the process up
to 15 ndi ng over nber 718, .wi i hout release to the air. In this
nmanner , btﬁ chann:Tﬁkffmtgﬁ?‘eBI E"Hhﬁﬁ’]glee repngisicd yith\Embedpgentst tots- channel
TFT) 603 and a current control TFT (n-channel TFT) 604 are formed on the
substrate 700. Furthernore, as explained using FIG 15, by providing an

i mpurity rHPgnbodinZéht@]er| apped with the gate el ectrode through an
insulating film_it is possible to form an n-channel TFT resistive to the
deterioration re¥arpuhgemieomdustorcdevices (ativecmatri:Coyysedigaid kyystal displagbl e
light-emtgin i zed., Meanwhil e, this enbodi ment. shows

devi 1 b .
onty 1 he el St veomadix 1ol TRhb sl d6HCq 00 astive dRaErs G ECHIRBLGT
3 ! | . | ; b
Sreop g detEeRYtGTel bP ARy TR hlscdtdnydfone e TRy, IR BieREn:

circuits amvengbgnah Bl ¥inbodkdcin ktironid %ﬁpﬁ@ﬂf’ 8f taﬁ? r%éfg in YABERLSLER an

anplifier, a y-correction circuit or the Iike. Furthe , a nmenory or

m cr opr oceglgeirogmiicebddieerisdincTiporited v aakisplay portdavi ce forned by the
above- nenti oned gEth d has, TFT. 30 fornmed by using the sem conductor film
t hor oughl y anneaP¥&d! clgelgnisequipmentss ayideo Famergasligital sanerad prodedtas ar

Bt T TR (M B
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 apialied 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 receiving 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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characteristic and reliability. Such a light emtting device can be used as
display parts of various electronic equipnments. 5 This enbgc@ ?'E%t zgﬁn be
freely conbined with Enbodinments 1 to 5. [Enbodi nent 81 Vari ous _

sem conductor devices (active matrix type liquid crystal display device,
active matrix type light-emtting device or active matrix type EC display

0 device) Egﬁﬂ‘ieg%ftﬂé ﬁﬁgga&y%&a%%i?@g_ the present invention. Specifically,

the present™*inventio e enbodifed in el ectroni c equi pnent of any type

e pres A bt . 1noele ] rent ol _
in which such aFIGeleBtshovaPs iptaler dRMLCE récg)égi@l OhBgfudt 84 Wﬂlcﬁazfibgcg{g%ﬁal,s a

portion. Such el ectronic equipnment is a vi anera, a digit : _
pr oj ect or ,regordeddtiernuafiaareirsgl ty ag grgmicerdiypenaliisml) aad tie slayenaidh@Risi on
o nal (S deHnaGody gy @ el eptticn AGDY epeiee mraens 4R, of swor s
per sonal® dasgs ST Sber s SRR nd i, BEOBRe"3his Rlayer ispac BOVP: on
nvent | on GaE B e D R A e e e RO lcffurp Y Rlihleg o

vi deo cameusar Whiegjoy musiodemviespghmebady tid Diternet.di 'St awenpiontdagrbediiplicda
sound i nput portion 3103, %erati ng switches 3104, a battery 3105, “an
i mage recéP\ﬁBﬁGIWSEPWﬁIOM Zand the |ike. The invention can be applied to

[ ' . h .mobi. | whi ¢h
| ncl udea a o ey SR20wE 3 digtlal SRR PHHoR 00dEs o Rab POLerviRglay
_ , iy Bi5F "BHC 32021 e < Hetge Peier
e, Tho oot pover 3’ Beets Thrach apds, Pherill RRNCMAT S5hs ARidilEe,

shows a gaggtiging pertétss phatyshawmharidheuties. aThRiinvéha 880 be 4ppl3Q @i &Rl ay
portion 3302, arm portions 3303 and the |ike. The invention can be 36 2 4,
FEB 2006 d#HpPlB®oriéon 804 spl ay portion 3302. FIG 16E shows a player using

a recording rTediF'I'E‘;'. qu%c?whs g r(r):{?tg{y%@ ﬁr%jector which includes a projection device
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.

FIG. 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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recorded (hereinafter referred to as the recordi ng nedium, a? t@ﬁ,&pﬂl ayer
includes a main body 3401, a display portion 3402, speaker p %i 8 3,
a recording 5 nedi um 3404, operating switches 3405 and the like. This

pl ayer uses a DVD (Digital Versatile Disc), a CD and the |ike as the
recordi ng nmedium and enables a user to enjoy nusic, novies, ganes and the

| nt ernet. a{f%ﬂeﬁ(\g@?; hﬁ)mqﬁ&mﬁﬁg%%h%ﬁ@é%%g%ggglgﬁ@gbﬁ(}gng on 3402. FIG

16F shows a digital canera Isplay 10

portion 3502, arFI&yeiileiea pisw showahOane epanhalel STAhs Wiriehes o?@%jglﬂ%qd}@&e
receiving portion (not shown) and the like. The invention can be applied to
the displ 8ptigdr $Ysem3B801 shogn ir AFléhot#Ca fin diinbbgtimeerir 8] ¢lo¢ dighthiosirce

i ncl udes a_pJ.oj,ection ice 601, a screen 3602 and the |ike. The

i nvention 8Eﬁcﬁesy§mi3%§].t’(§ Zafe iy T %‘?Taﬁgfllz? Hgbbﬁ‘[a‘]}fcé&ﬁlé’e lgso8rras ch
constitute tacofs t :0j i i 0) as ot her ver
circui tgg. I§:|8%3 %%gggélﬁév?shﬁ(g%lggl%c{:é%r%%j ee%?%‘?t 3@%65?: ﬁr\i\? ﬁc?Q]H’ZeES%{hﬁBF %J gdi
3701, a plnjidetthbn eVl s3uRR offical §¥@¢ ift 1Y€, M angnsipe e.
The i nvenfil?ri_ can?bq aﬁ%feised tool%ﬁe f“r qurings@%;lslt aliq%qug? %y%ew ceﬁlgiféid
whi ch consthe investian gamot glartiadat hdimite] éx thoshaenicoasdifons Pel ¢xaasplet her

driver ci r&luits. FI Ggé{)% sglows one exanple of the structure of each of the
proj ect i ontHWE\VhESE SEPPAYnthesmysniipn dRaR rapPFaY delyi Jispyses Baveptical Bysiem 17A

and 17B. E f..the: jecti vices 3601 d 3702 is de, of | i.ght
sour ce opt?@a agﬁgt%ﬁ%&gg ’ anﬁﬁl?coi‘reagl%ﬁfo ﬂ&@@&f%%%%@%?ﬁal Eﬁrc‘f‘FﬁHP g
mrror BB0Bhask diffesdNcdqan MR filfui d 25 crystal display device 3808, a phase
difference plate 3809 and a projection optical system 3810. The projection

optical system 38ho prejenteshoivnain Biffs. dFA gy $7BMs of misd tdiengsigg AIRINSPheRD
| ens. Enbodi nen is an exanple of a three-plate type, but 1t is nhot
limted t ol € éi%?{ﬂ'eptéﬁ?ﬂi deKical by Herofis 108 shghal phaeamplpein which the

ited to _ 2l 88 B haemippoln viich
opti cal sy ST ARIERNSETBERA KIF B The RE Lok FRRICRR e g g i 25 Rne

function, dedickm for adjusting phase 37 2 4 FEB 2006 difference or an IR
filmin the path indicated by arrows in FIG 17C
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 (electronic book) which includes a main
20 body 4001, display portions 4002 and 4003, a storage medium 4004, operating
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 to any category of

30 electronic apparatus. Electronic apparatus according to the invention can be
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FIG 17D is a view showi ng one exanple of the structure of the |light source
optical system 3801 shown in FIG 17C. |In Enbodi nent 8, the Bi@ﬁﬁ&gwﬁce
optical system 3801 is nade of a reflector 3811, a |ight source 3812, 1 ens
arrays 5 3813 and 3814, a polarizing conversion elenment 3815 and a
condenser lens 3816. Incidentally, the light source optical system shown
in FIG 17Rd18e8N8v ey |§’%Eﬁﬁ . ' ign, I . particularly |imted
to the shown const?uctﬁgn. orﬂgggﬁ%ﬁg?&gtfggeuaﬁggghgﬂbé%fuﬁﬂgmyHygﬁtP%n
may appr opBnab@liynedispase aad Hptical system such as an optical lens, a
filmhaving a polarization function, a filmfor adjusting 10 phase
difference or anyh&, fthd PondtiGtiBh Y 0 Ly El G5, s .0f the
type using a transparent Iltype1 o%tgﬁ{eecérreg&g\rl)%vggﬁl %g"\?iegébﬁ%%g tﬁ%?? OWdng ot
~shown an efamjdmeerital siphiffvahbecan by ebtaigdl.i s applied to a reflection type of
el ectro-optical device and a light-emtting device. 15 FIG 18A shows a
por t abl €° t el ephdle Lapgrc Hghh baviags 2 avarsi supetidy epefgy, dansitudistobtfion qaar béon
3902, a sound,input portion 3903, a display portion 3904, operating

swi t ches 3@6%C,lu°§ﬁ %ﬁ%‘ﬁ 490 Ergiate 0F?l§8¥fg%@fﬂﬁ\ygﬂﬁ%n can be applied

to the display i 904, [ | e. bopk.(el.ectronic
book) whi ch ipck%ggﬁgr%a%ﬁleag S%@Qz@g?&&&?égf %‘@%EB’P{ Fooﬁ% “2 ieéindn%és,
a storage ieginicuteBAfanRicdhithd casVbitLhese 4@93ubfatant enna 4006 and the
| i ke. The invention can be applied to the  display portions 4002 and 4003.
ZHSE 18C shors é@Hprmg&zghgnhb%hnﬁudr@ka n$Ln body 4101, a sgpportlbaze

, a_display portion and the like. The_ invention can be applied to
t he 251‘gi spl ay (gbht’l?f‘dhfhﬁl VeTHlY anEAEER T e Fati e igsh AmpeeN eame s af\aaneperedng t o
a |l arge-sc j I: n{ ageous t.o a display hayi a di agonal
si ze of 10£§%§ﬁ%§3§%Q¥ﬁ%?g. 6@9?5{%1%ﬁﬁv@ﬂédeﬁéﬁ@&ﬁoﬁmﬁﬁFE¥¥p§§ @gac&ve
apparent f i@iitikhRqbidr geiaodidemer dalitoRan! Be 1£ATER. OFARRE] §3ddABgoRin hNe
invention is extrenely w de, and the invention can be applied to any
cat egory omamyfacheog cost of agpnicatdsctoEtevite om be agglieds us according to the
i nvention can be 38 2 ~ FEB
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5 realized by using a construction nmade of a conbi nati on of z@gfg ones
of Enbodinents 1 to 6 and 7. When the constitution of the p

invention is enployed, the followi ng fundanmental significance can be -
obtained. 5 (a) Laser light having a very superior energy density

di stribution can be produced on a surface to be irradiated or a surface of
its vicinity. (b) Uniform annealing can be conducted for an object to be
irradi atedCLAIMS is particularly effective in the case of a large area
substrate. (c) Throughput can be inproved. 10 (d) When the above advant ages
are satisfied, inprovenents of an operating characteristic and reliability
of a sem condu tor act.ive matrix liquid crystal

di spl ay devi ceclcan %grérsgg fagcg%t?oﬁ]:%#ﬁ%gﬁys §‘9f}186ﬂ891 on in a manufacturing
cost of a sem eoladect or device can be realized. 39 2 4 FE CLAIMS 1. A | aser
irradi ati on appar at us corrprl si ng a laser; s a first nmeans for converting
a first energy afWskmepngifet W'B(ﬁrt'%a(fﬁs’faeﬂeigﬁﬂenﬁﬂ)gﬂistf&ﬂtlpﬂétﬂ & lpgeH t he

| aser int oTalgTe

i rradiat eggﬁta%g] a Sé@@ﬁ@%@%{ﬁ?ﬁ%% S%%‘?rrtll)& gﬁ? ndg]brg‘:'ﬁlty%rl\%ﬁ%[f/ﬁo&e%tsél guﬁg ®an end
portion ofto belirallmted; dridght having t he second energy density distribution,
to wherein the second means _is provided in contact with the surface to be

i rradiated. 06 25€RNAJYEANS f?rém%?ng'&ﬁﬁﬁﬁﬂgyé’@ﬁﬁwm agendpartigeef is a

5t et e SRy o e RAR gRyasar, | 97 erit Led from)
t he |®ser wherein the second means is provided in contact with the surface fo be
irradiated.
2. A laser irradiation apparatus comprising:
a laser;
15 a first means for changing a sectional shape of a laser light emitted from

the laser into a first shape to irradiate a surface to be irradiated with the laser
light; and

a second means for homogenizing an energy density in an end portion of
the laser light changed into the first shape,

20 wherein the second means is provided in contact with the surface to be
irradiated.
3. A laser irradiation apparatus comprising:
a laser;
25 a first means for converting a first energy density distribution of a laser

light emitted from the laser into a second energy density distribution at a surface
to be irradiated; and

a second means for homogenizing an energy density in an end portion of
the laser light having the second energy density distribution,

30 wherein the second means is provided within 1 cm from the surface to be
irradiated.
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l'i ght; and a second neans for honogeni zi ng an energy density | £nd
portion of the laser |ight changed into the first shape, 2? ngiéﬁgﬁ he

second nmeans is provided in contact with the surface to be irradiated. 3.
A laser irradiation apparatus conprising: a laser; 25 a first neans for
converting a first energy density distribution of a laser light emtted
fromthe laser into a second energy density distribution at a surface to
be irradi ated; and a second neans for honobgeni zing an energy density in an
end portion of A the laser |light having the second energy density
di stribution, 30 whérlapar imasialionArPataiussCampiisiegi ded within 1 cmfromthe
surface to be jgradiated. 40 2 4 FEB 2005 4. A laser irradiation apparatus
ice to allhs&d! : . ;
conprising: a lasSef; a first nmeans for changing a sectional shape of a
l'aser |ight enatfirebimbansforschdrgingaeectiona shaperofta labapiiyht enitteddiont e a

surface tg be irradiated with the |aser |ight; and a second neans for

homogéni 2 iR IBSAT K AGUSHHIRRG 1P TRdiFie @rirRsRpe Rdiated WIBJBE A3eint

changed i'ﬂ%ﬁt'tah? first shape, wherein the second neans is provided within 1

cmfromthe surface to be 10 irradiated. 5. A laser irradiation apparatus

accordi ng to amysemoadcheahaiforshdmogémininghartenedyyrasnsity ire ahienst pontian of

conpri ses,a hono | zer i.ch Is Jocated to be orthogonal to an optical
1 [RREBASR §ingsd i s

axis of t R r adi ati on apparatus according to

any one of cl aiwReréin th8'seE8Rd freaM¥IE PirovitiB8 withirs i AFABM SR RUH28S0de

plurality of cylindrical |ens groups
10 irradiated.

5. A laser irradiation apparatus according to any one of claims 1
through 4, wherein the first means comprises a homogenizer which is located to

be orthogonal to an optical axis of the laser light.

15
6. A laser irradiation apparatus according to any one of claims 1
through 4, wherein the first means comprises a plurality of cylindrical lens groups
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.
20

7. A laser irradiation apparatus according to any one of claims 1
through 4, wherein the first means comprises 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 laser light and divide the laser light in the

25 arrangement directions, and the lens is located in a transmission side of the

cylindrical lens groups and synthesizes the divided laser lights.
8. A laser irradiation apparatus according to any one of claims 1

through 4, wherein the first means comprises a fly eye lens which is located to

30  be orthogonal to an optical axis of the laser light and divides the laser light.

41




whi ch are arranged in parallel so as to be orthogonal to gn W émaxi s of
the laser light and divide the laser light in the arrang & di tions.
20 7. A laser irradiation apparatus according to any one of clains 1

t hrough 4, wherein the first means conprises a plurality of cylindrical

| ens groups and a lens, the cylindrical |lens groups are arranged in
parallel so as to be orthogonal to an optical axis of the |aser |ight and

divide the las@r |i ghiaseniridaifatidn @ﬂ@mmr&hg%bw@ﬁe ciethifier | ens is

| ocated in a transm ssion side of the cylindrical |ens groups and
synt hesi z&¥ough 4dieaei the disst me@mﬁ gomgrises pdleryd lepaandia sphesipshleasus

accordi ng f i

conpr i ses e P Y8R B1obaBlT oo, oritedli'an BT 4t s @“ﬁﬁﬁ%pt [ cal
axis of tlividestie Ilais@’r‘itgl'ﬁ,ruhdithe s%ﬂiertcheldnaﬂslodat@tnaﬂrén@mﬁ’sslr_c&Bs@@Qﬁ A

| aser irr tion a paratus according to any one of clains 1 through 4
wher ei®n tﬂéeﬁy eye | ﬁﬁ@%?ﬁ@@%t@e g!‘ﬂﬂ%&/'@SPé@ tand a spherical lens, the
fly eye lens is |located to be orthogonal to an optical axis of the | aser
light and divides the laser light, and the spherical lens is located in a
transm ssi on sil@e ofA lasehieradiagtioeyapparatusantosding e any emetdfelalime ted | aser

| i ghts. S i rradiation apparatus according to any gne of clains 1
t hrough 4?hr\?H8‘:'2 WW‘E‘“?S@@F’F&O% NeHRIPPREEss aklepetene ehastkand @it and a

mrror. 1@hidkdr A laser irradiation apparatus according to any one of clains
1 through 4, wherein the end portion of the laser light is a region
paraldcel to a shift direction of the laser |ight. 15 12 A | aser

the | aser compiises ApereReriaite Surti B oRuine fe 2gv sag ot TRt i ng of &
cont i nuou$hresgh !4, atHePBinIRE icthd! FsiBdHn oﬂtlfé)va%bﬂkwﬁs asf@gidnaéaranema% stifgser, a
pul se oscillation solid |aser, and a pulse oscillation gas laser. 20 13. A

| aser irr&iesional thegaserlightaccording to any one of claims 1

15 12. A laser irradiation apparatus according to any one of claims 1
through 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 solid laser, and a pulse oscillation gas laser.

20 13.  Alaser irradiation apparatus according to any one of claims 1
through 4, wherein the laser comprises at least one selected from the group
consisting of a YAG laser, a YVO;, laser, a YLF laser, a YAIO; laser, a glass

laser, a ruby laser, an alexandrite laser, and a Ti: sapphire laser.

25 14. A laser irradiation apparatus according to any one of claims 1
through 4, wherein the laser comprises at least one selected from the group

consisting of an excimer laser, an Ar laser, and a Kr laser.

15. A laser irradiation method comprising:
30 converting a first energy density distribution of a laser light emitted from a

laser into a second energy density distribution at a surface to be irradiated by a
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through 4, wherein the | aser conprises at |east one sel ec?e&ﬁilr égw gr oup
consisting of a YAG |aser, a YV04 |aser, a YLF | aser, a
glass laser, a ruby |laser, an alexandrite |aser, and a Ti: sapphire | aser.
25 14. A laser irradiation apparatus according to any one of clains 1
through 4, wherein the | aser conprises at |east one selected fromthe group
consisting of an exciner laser, an Ar |laser, and a Kr laser. 15. A |l aser

i rradiati dirstmeddneg corrpri sing: 30 converting a first energy density

di stribution of a |aser ght emtted froma |aser into a second energy

density distri em%?w%n%a FeEde ?%S'B/énlan%m RedienSf the Jgsey lightiraying 06

first nea Q&?;ﬁgg t | aser
l'i ght hav% t he sec@rk{(riﬁen[ef}!%mseflr SI ?@Fé%ﬁﬁ%%%ﬁ@@f&?ﬁ@gﬁ@%&éﬁ
provi ded Wiorthe durfane ﬁorb)amrtdmatedr:hmte to be irradiated;, and 5 irradiating

the surface to be jrradjated. with a |aser |ight havi t nogeni zed
ener gy density Wfﬂ4 ifingeihe suriace tohe q‘raﬁ&itgqi,g\ﬂ gl &Hhﬂé"ng i at ed 16.

A | aser i HoatHquniRR éf%rgg‘éfeﬁgﬁ?%ﬁé rﬂ&atl%\?%ﬂlﬂ‘ﬁg @éﬁﬁé&g@l beSPI idiat rreans to

| aser 1ight emtted froma laser into a first
irradiate a surface to be irradiated with the | aser Ilght honogeni zi ng an

energy density i end ort on of .the |aser. [ight having the first shape
by a second ma&hs pf udPal "%‘%tm“nmf”me?%m'%fﬂa surface to be irradiated;

and irradiati n@hhh@ngwé@&@nhpsm:é 6{@%@%&%&4&@%{ %4 18 ito BAWENY t he
15 honobgeni zed energ Z density le relatively shifting the surface to be
&

i rraditat e§hape bya fi meannsrtadrradtatma sotface tabedrrddiated withutiye taser fightc| ai ns
15 and 16, wh

Focated o be NAiGusnR ShneiBEBndR R AT &% BRI HIE e I Ratfgs

| aser irr gk ftstehapetiyod sacond dhegnd providedd Withdf 1 Gnfifiden ke 8idacd fo bsher ei n
the first nranf’gt%dcg%” ses a plurality of cylindrical |ens arrays which

irradiating the surface to be irradiated with a laser light having the
15 homogenized energy density while relatively shifting the surface to be irradiated.

17.  Alaser irradiation method according to any one of claims 15 and
16, wherein the first means comprises a homogenizer which is located to be
orthogonal to an optical axis of the laser light.

20
18.  Alaser irradiation method according to any one of claims 15 and
16, wherein the first means comprises 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.
25

19. A laser irradiation method according to any one of claims 15 and
16, wherein the first means comprises 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 laser light and divide the laser light in the arrangement
30 directions, and the lens is located in a transmission side of the cylindrical lens

groups and synthesizes the divided laser lights.
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are arranged in parallel so as to be orthogonal to an optical .axis of the

| aser light and divide the laser light in the arrangenenf ditections. 25
19. A laser irradiation nethod according to any one of clgi‘%?@&@ﬁd 16

wherein the first nmeans conprises a plurality of cylindrical |ens groups
and a lens, the cylindrical Iens groups are arranged in parallel so as to
be orthogonal to an optical axis of the laser light and divide the |aser
light in the arrangenent 30 directions, and the lens is located in a
transm ssion side of the cylindrical lens groups and synthesizes the

di vi ded | aser ROght & laggr pragiation m@tits)dzmcm&ginag@ranquwfaﬁlalmﬁ heendd

& _ ; , o :
ompr i ses '8 PARNEIN e Bist e ecindds o 1 B IBATWRIGH IS IosdPl 40881 o0 ca
axi s of t lethbgeral tbizghbptivad asiis\ifdee ladee ligasand bivides the |ader light.aser

irradi ation nmethod according to any one of clains 15 and 16, wherein the
first means conprises a fly eye lens and a spherical lens, the fly eye

l ens is | ocategqto he i j : yght and
di vi des the | aggi | ?“g'ﬁte{"* En tﬁJé‘ s%ﬂ@ﬁ %%drﬁ(j@hé‘a;gé‘?l%a itga'uhﬁss & ahl
t r ansm ssilénwhiedsn dfie 8rsd méend tgmpsises affly eyedesy ahtiessptesichhiend| thedd | aser

9T, 22 ARt lchagia an detiod aceardng L an one elcl s 15
mrror. 1%nddes the [BS&F Iigdl'ft,rﬁt‘i’d fifd éﬁhéfﬁ:fah%s%id?{a?%ﬂtﬁm 5 FaRBi6n SfleGdral M8 15

and 16, wherein the end portion of the |ase Is aregion parallel to

a shifot dne 8y eyedens andheynthesizekitygdivideyl laset bghds. i rradi ati on net hod
according to any one of clainms 15 and 20 16, wherein the | aser conprises
at | east one selected fromthe group consisting of a continuous oscillation

solid |aser, a2g0ntiauessireridtidrimetibdaccdrdingito ahyRHeSST clipfd 415 ahtion solid
| aser, and a pulse oscillation gas |laser. 25. "A laSer irradiation nethod

accor di ng 1PoWhg(eintle secend maanssaanprisessatlgastyner of s slittand aswrotonpri ses
at | east one selected fromthe group consisting
15 23.  Alaser irradiation method according to any one of claims 15 and
16, wherein the end portion of the laser light is a region paraliel to a shift

direction of the laser light.

24. A laser irradiation method according to any one of claims 15 and
20 16, 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 solid laser, and a pulse oscillation gas laser.

25.  Alaser irradiation method according o any one of claims 15 and
25 16, wherein the laser comprises at least one selected from the group consisting
of a YAG laser, a YVO, laser, a YLF laser, a YAIO; laser, a glass laser, a ruby

laser, an alexandrite laser, and a Ti: sapphire laser.

26. A laser irradiation method according to any one of claims 15 and
30 16, wherein the laser comprises at least one selected from the group consisting

of an excimer laser, an Ar laser, and a Kr laser.
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of a YAG |aser, a YVX |aser, a YLF |laser, a YAl 3 Iaser,%% ngs§ l.aser, a
ruby laser, an alexandrite laser, and a Ti: sapphire | aser. . ﬂ&& aser
irradi ation nmethod according to any one of clains 15 and 30 16, wherein
the | aser conprises at | east one selected fromthe group consisting of an
excinmer |laser, an Ar |laser, and a Kr laser. 44 2 4 FEB 2006 27. A method of
manuf acturing a sem conduct or device conprising: converting a first energy
density distribution of a laser light emtted froma |laser into a second
energy density distribution at a surface to be irradiated by a 5 first
means; honogeni2Zi ng Aemetinst gfmasnsictyringna semicahdustaridaviesf carnprisinger | i ght

Wrtnie 1 om 1 PORYernES eieh BBeldy asty diabitih BhadeserTaRr s FRE S f ace
to be irr tsHentintd avsbbortd bASR]y dériy diatiblfoh Be a SurfiEDgers wRstistea sy a

density while relatively shifting the surface to be irradiated. 28." A
net hod of fifdM@aMS uri ng a semi conduct or device conprising: changing a

2% rot means TigtodbaiyHE an gritfay SRR AT B BarEPGts difuetuah! Beudd P gn
i s honogeithea segorahessrgy Bendap sistibutibraly 8¥&coAd Medhsrobidied vigan 1l draht

which is_changed into the first shape by a second neans provided within 1
cm from t FOM 8g syéaca b9 hrirradiatedaged: and irradiating the surface to be

irradiated with; : | 11Ng; j ]Sﬂﬁi sity while
relatively shi f{r?andglj t ethgu%g%q%soﬂ%lé&aﬁtggﬁya@g%!ységﬂ% : mr%ﬁﬁ‘[c:d of
manufact uhonpgenizd eterdy deositylemile eelativaly dhifting the sunfacenie iod ircddiated. 27 and

28, wherein the first means conprises a honogeni zer |ocated to be
orthogonal to an optical axis of the laser light. 25 30. A nethod of

Ta o Pn 207 AL B B £, 98B U R GhpR s 27 2
arrays whi ch acbangingregeertionapsinape of a saseadighbetmitent frowmg resier indo afirst
shape by a first means to irradiate a surface to be irradiated with the laser light;
15 homogenizing an energy density in an end portion of the laser light which
is changed into the first shape by a second means provided within 1 cm from the
surface to be irradiated; and
irradiating the surface to be irradiated with a laser light having the
homogenized energy density while relatively shifting the surface to be irradiated.
| 20
29. A method of manufacturing a semiconductor device according to
any one of claims 27 and 28, wherein the first means comprises a homogenizer

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

25 30. A method of manufacturing a semiconductor device according to
any one of claims 27 and 28, wherein the first means comprises 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
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optical axis of the laser light and divide the |aser Ilght in the
arrangenent directions. 30 45 2 4, FEB 2005 31. A method @ﬁ?ﬁpgmm?cturlng
a sem conduct or device according to any one of clains 27 and 2 wherein
the first neans conprises a plurality of cylindrical |ens groups and a

| ens, the cylindrical |lens groups are arranged in parallel so as to be
orthogonal to -an optical axis of the laser light and divide the s Iaser

light in the arylang@miihét bEfldnRfsotu@ig atdenibenfudicr dQsE 86-drai

transm ssion side of the cylindrical |I&ns groups and synt ﬁe3| ze
di vi ded | &¥rons @‘mlalmsaz7 andia&, hdwerein therfiistaoeans ngmnsesraqaﬁmhtytmfr deV| ce
accordi ng Cgﬂ?(i' one of cl ai,ns, 27 the first ne

Corpri ses N1 aRlof R ens, B4 ol RHoRIeTS AP s Garded Bn opt i cal
axis of t fpﬁrém b6 dsi t8'e 8fifogbndl 48an dpiral é)'ﬁ@rof tnegia%er fiht a?adrmm@c{h@f

manuf acturing a sem conduct or device according t any one of clainms 27 and
28, wher eilasardight inrtee areangementislirestiens, ancww@m inlecateddna@ téarsqmasmal

the | aser SIS oI B TPslee Frihieln i aileflafitanh . o <

|l ocated in a transm ssion side of the fly eye |l ens and synthesizes the
di vided | aser | |ghts 34. A nethod of manufacturing a sem conductor device
according to 28 any Bshed ok manwiaciaringa smﬂcw@cg@rrd@me gecydingri®ans

conpri ses a%k RSt QRS %ﬁfgpa 54 Wine?8 e Hirs rﬂéanéﬁow@ng&: gq%f&;q lens

manuf acturing a sem con or device accor one alnms 27 and
28, wher eiwhitinis lecateddothicoortiodgdrize td aaejpt[bag:hbt[s obtie Ilaser Kght2mdpdividebel to a
shift dir«i ia f the laser light. 36. A nmethod of manufacturing a

sem condud® S(?é\)glate according to any one of clainms 27 and 28, wherein the
| aser conprises at | east one selected fromthe group consisting of a
continuous oscillation solid |aser, a continuous 30 oscillation gas | aser,
a pul se osci |l | &3i on Aswisthiod amanufaciubng alsseiosrdudtart device ascordageto.

any one of claims 27 and 28, wherein the first means comprises a fly eye lens
15 and a spherical lens, the fly eye lens is located to be orthogonal to an optical
axis of the laser light and divides the laser light, and the spherical lens is located

in a transmission side of the fly eye lens and synthesizes the divided laser lights.

34. A method of manufacturing a semiconductor device according to
20 any one of claims 27 and 28, wherein the second means comprises at least one
of a slit and a mirror.

35. A method of manufacturing a semiconductor device according to
any one of claims 27 and 28, wherein the end portion of the laser light is a region

25 parallel to a shift direction of the laser light.

36. A method of manufacturing a semiconductor device according to
any one of claims 27 and 28, wherein the laser comprises at least one selected
from the group consisting of a continuous oscillation solid laser, a continuous

30 oscillation gas laser, a pulse oscillation solid laser, and a pulse oscillation gas
laser.
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46 2 4 FEB 2006 37. A nethod of manufacturing a sem conductor device
according to any one of clains 27 and 28, wherein the I%%egggqﬁmﬁises at

| east one selected fromthe group consisting of a YAG |aser, a YVO |aser,
a YLF laser, a YAI3 s |laser, a glass laser, a ruby |aser, an alexandrite

| aser, and a Ti: sapphire laser. 38. A nmethod of manufacturing a

sem conduct or device according to any one of clains 27 and 28, wherein the
| aser is one selected fromthe group consisting of an exciner |aser, an Ar
| aser, and a Kr laser. 10 39. A nethod of nmanufacturing a sem conduct or

devi ce accordi By, t 0A RMBhdANSF AAnGiaRtUFhe?d seRfcctRiuckdieietide adterdingiteonduct or
device is at |east one selected fromthe group consisting of a personal

conput er, aay vne«d crimsr2y aad 28owheesio di laser compiisgg laé laagbendiseiacisd a

Port o o IR R FE0R SesThe o By Acdfsdh, Boh70s FATE 46 B ENA0 °
manuf act Utdsey, RgRRBIISSITHGLIY I2beY) ArealkKBERAliER 18ger, afdid Ti Bgpphitakser| i ght

froma |laser; converting a first energy density distribution of the |aser
light into a second 20 energy density distribution at a surface to be

I rradi ated; remgvin ' d | d

di stribution ofFgg t heSk 'ﬁgg@bd?ﬂghbh%&tﬁfnﬁt ?? e%ﬁ%ﬁ@gg&ﬁﬁqeﬁ@é%ﬁpggm t he
surface t anponerdfathinise2il and @8, wheeslhahe el iorse sbReted Molvethiergredp at ed
with a laser |light after the renmoving step while relatively shifting the
surface t §oBesiing ghanexaimerdaser, aﬂﬂfg??’@fda&’ HEh#S&Et uri ng a seni conduct or
devicg conprising: emtting a laser light froma |aser; changing a
sectional shape of the laser light into a first shape to irradiate a
surface to be Bfradifamethad ohmahefdcaserg & isghticorRllcieamdesicegacoordingrigy

density in_an en arti of the |aser |ight changed, into the first shape
0o"s &1 i ¢ o Grrad s 71280 28 FisTein e SEMCRBA Hevier 1 dt 1Sast ond
selected from the group consisting of a personal computer, a video camera, a
mobile computer, a goggle type display, a player using a recording medium, a

15  digital camera, a projector, a portable telephone, and a portable electronic book.

40. A method of manufacturing a semiconductor device comprising:
emitting a laser light from a laser;
converting a first energy density disfribution of the laser light into a second
20  energy density distribution at a surface to be irradiated;
removing an end portion of the second energy density distribution of the
laser light by a slit provided within 1 cm from the surface to be irradiated; and
irradiating the surface to be irradiated with a laser light after the

removing step while relatively shifting the surface to be irradiated.

25
41. A method of manufacturing a semiconductor device comprising:
emitting a laser light from a laser;
changing a sectional shape of the laser light into a first shape to irradiate
a surface to be irradiated with the laser light;
30 removing an energy density in an end portion of the laser light changed

into the first shape by a slit provided within 1 ¢cm from the surface to be
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2 4 FEB 2006 irradiated; and irradiating the surface to r ated with
a laser light after the renoving step while relativel yﬁs‘ghgztﬁ?ﬁ 2@1

surface to be irradiated. 5 42. A nethod of manufacturing a sem conductor
devi ce according to any one of clains 40 and 41, wherein the end portion
of the laser light is a region parallel to a shift direction of the |aser
light. 43. A nethod of manufacturing a sem conductor device according to
10 any on rﬁlat(éhabﬁﬁ 40 and 41, wherein the |laser conprises at |east one
sel ected romt e group consisting of a continuous oscillation solid |aser,

a continuous opeididtitig tie gamécmsab ba praddigteasaithl at lazer sighitdaftesehe and a
pul se oscillation gas _|laser. nmet hod of manufacturing a

sem conduEQ'BPV'HG\ﬁt%WQHQ6@'&?'@yﬁ8’ﬁ'%y‘%ﬁ@fﬁﬁet@l%FFH’éadmeﬁnd 41, wherein the
| aser conprises at |east one selected fromthe group consisting of a YAG

| aser, a YVO4 |laser, a YLF laser, a YAIG3 laser, a glass |aser, a ruby

| aser 5 an al exdfdr i Aemktwer of maduhcﬁjrlngﬁapehimswdu&a:ﬁ’rdevm dccordingabhod of

manuf acturi ng a sem.conduct ice ccordl ny one f clainms 40 and
41, vvherel"‘ﬁy @qfﬂ%mwgﬂ 6&@4§ew§@feéa the gt eﬁ@e leeidioht i regionn

exci mer Eg%mel ﬁﬂaéﬁﬂ@?@dta&n%ﬂhélé@ Ihgﬁgr 46 A met hod of manufacturing a

sem conduct or devi ce accor one of clains 40 and 41, wherein
t he sem conductor device is at |east one selected fromthe group consisting
of a personal a__nobi | e type

t t
di splay, a pl ag iy erﬁt@q ﬂ'ﬁ?’ﬂﬁ %m%ﬁgngcorﬁfu&fqrg)u % ‘f%?rg'ggg?ol ect or,
a porqsabl Qny@néFBTQﬂtﬁmsatﬂﬂaﬁd RAr el &in 8he Ede? RofREK at st one selected

from the group consisting of a continuous oscillation solid laser, a continuous
oscillation gas laser, a pulse oscillation solid laser, and a pulse oscillation gas

laser.

15 44. A method of manufacturing a semiconductor device according to
any one of claims 40 and 41, wherein the laser comprises at least one selected
from the group consisting of a YAG laser, a YVOyq laser, a YLF laser, a YAIO;

laser, a glass laser, a ruby laser, an alexandrite laser, and a Ti: sapphire laser.

20 45. A method of manufacturing a semiconductor device according to
any one of claims 40 and 41, wherein the laser is one selected from the group

consisting of an excimer laser, an Ar laser, and a Kr laser.

46. A method of manufacturing a semiconductor device according to

25  any one of claims 40 and 41, wherein the semiconductor device is at least one
selected from the group consisting 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 a portable electronic book.
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