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BACKGROUND OF THE | NVENTION 5 FIELD OF THE | NVENTI ON The present i nven P
relates to a nethod of annealing a sem conductor filmby using a |aser
beam (hereinafter referred to as | aser annealing). The invention also
relates to a sem conductor device fabricating nmethod which includes the

| aser annealing nmethod as one step. Incidentally, the term"sem conduct or
devi ce" used herein generally denotes “devi ces 10 which can function by

usi ng sem co r r L St ' i cal

devi ces suchrLas lquAuri& @%@@M@@%ﬁ%@@@ﬁﬁ’mﬁﬁi@ﬁ&dev. ces as
well as electronic equipnment.,i i trooptical devices as
constituent parts. 15 BACK M%&ﬁﬂ@ﬂﬁﬁyears, a w de range of
researches have been made as to the art of applying |aser annealing to a
sem conductor filmformed on an insulating substrate such as a gl ass
substrate to crystallize_t ﬁ ilmor to inprove the
crystallinity thereof. sﬁﬁ@%ﬁ-ﬁﬁﬁ&iﬁiﬁé@ﬂ%& ; uch a sem conduct or
film |, tﬁg}rppresent shgeci fication, neans for crystallizing 20 a

sem cofdilet ?HEHJNB@E L %er beamto obtain a cr ystal |l i ne sem conduct or
filmis referred to as |aser crystallization. As conpared with synthetic
quartz gl ass 186 BSEsH iReniipn efatpuips mehed ofannealinedsrpigadyctonfdahy ings
substrates have the advantages of being inexpensive and rich in workability
and of lasgiagpam tGeieipiicnpelicaad itorpsofas¢rapepeatin®a  Jhbsinvetios. alvhirglajes tphe
reason why a wi de range of 25 researches have been nade. The reason why
| aser s seREopust@r@vidediabijcaisadnétbed eyt micludesittiedasear anmeadipgsnethod ahane t he

‘melting points of glass substrates are |ow. Lasers can give high energy to
step. Incidentally, the term “semiconductor device” used herein generally denotes devices

10  which can function by using semiconductor characteristics, and encompasses electrooptical
devices such as liquid crystal display devices and luminescent devices as well as electronic

equipment including the electrooptical devices as constituent parts.

15 BACK GROUND ART
In recent years, a wide range of researches have been made as to the art of applying
laser annealing_to a semiconductor film formed on an insulating substrate such as a glass
substrate to crystallize the semiconductor film or to improve the crystallinity thereof. Silicon is
widely used for such a semiconductor film. In the present specification, means for crystallizing
20  asemiconductor film by a laser beam to obtéin a crystalline semiconductor film is referred to as
laser crystallization.
As compared with synthetic quartz glass substrates which have heretofore widely been
used, glass substrates have the advantages of being inexpensive and rich in workability and of
facilitating fabrication of large-area substrates. This is the reason why a wide range of

25  researches have been made. The reason why lasers are preferentially used for crystallization is




seni conductor films without increasing the tenperatures of substrdi&snfd 2002
great extent. In addition, lasers are remarkably high in throughput
conpared to heating nmeans using electric heating furnaces. 5 A crystalline
sem conductor is made of nultiple crystal grains, and is also called a

pol ycrystal line sem conductor film Since a crystalline sem conductor film
formed by the application of |aser annealing has high nobility, the
crystalline silicon filmis used to formmthin filmtransistors (TTTs). The
thin fi tyransi,stors.are widely used in a nonolithic type of |iquid
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as an excimer laser beam, by an optical system, into a laser beam which becomes a spot of
several cm square or a linear shape of Iength‘ 10 cm or more at an irradiation plane, and
scanning the laser beam (or relatively moving a position irradiated with the laser beam with

15 respect to an irradiation plane) has preferentially been used because the method is high in
productivity and superior in industria} terms.

o Particularly when a linear laser beam is used, high productivity can be realized
because the entire irradiation plane can be irradiated with the linear laser beam by scanning in
only directions perpendicular to the lengthwise direction of the linear laser beam, unlike the

20 case where a spot-shaped laser beam is used which needs to be scanned in forward, rearward,
rightward and leftward directions. The reason why the linear laser beam is scanned in the
lengthwise direction is that the lengthwise direction is the direction of the most efficient
scanning. Because of this high productivity, in the laser annealing method, the use of a linear
laser beam into which a pulse oscillation excimer laser beam is formed by an appropriate

25 optical system is presently becoming one of leading manufacturing techniques for




Al t hough there are various kinds of lasers, it is general practi'e;{ggugmﬂﬁ
| aser crystallization due to a |aser beam which uses a pul se os¢i I'at'i on
type of excinmer laser as its |ight source (hereinafter referred to as an
exci mer | aser beam). The excinmer |aser has high 5 power and hence the
advantage of enabling irradiation repeated at high frequencies, and further
has the advantage of .exhibiting a high absorption coefficient against
silicon film To formthe exciner |aser3-beam KrF (of wavel ength 248 nm
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Attachments such as a laser tube for effecting laser oscillation and a gas purifier for
removing unnecessary compounds generated in an oscillation process need to be replaced every
two or three years. Many of these attachments are expensive, resulting in a similar problem of
an increase in manufacturing cost.
15 As described above, a laser irradiation apparatus using an excimer laser beam surely
has high performance, but needs extremely complicated maintenance and also has the
{0 disadvantage that if the laser irradiation apparatus is used as a production-purpose laser
irradiation apparatus, its running costs (which mean costs occurring during operation) become
too high.
20 There is a method which uses a solid-state laser (a laser which outputs a laser beam by
means of a crystal rod formed as a resonance cavity), to realize a laser irradiation apparatus

which is low in running cost compared to excimer lasers as well as a laser annealing method

using such a laser irradiation apparatus.

A semiconductor film was irradiated by using a YAG laser which was one of

25 representative solid-state lasers. The output from the YAG laser was modulated into the second




harmoni ¢ by a non-1linear optical elenent, and the resulting Iasernbeagw(gﬂ5
wavel ength 532 nm was forned into a Ilnear | aser beam whi ch becaife-8"

| i near shape at an irradiation plane. The sem conductor filmwas an

anor phous silicon filmof thickness 55 nmwhich was formed on a #1737

gl ass substrate nmade by Corning Incorporated, by a plasma CVD net hod.
However, a 5 concentric-circle pattern,such as that shown in Fig. 2 was
formed on the crystalline silicon film “obtained by effecting |aser
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flat. However, since the pattern observed in Fig. 2 has the shape of a
concentric circle, it my be 25 considered that the pattern is not due to
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SUMMARY OF THE INVENTION

The invention generally provides a laser annealing method using a laser irradiation
apparatus which is low in running cost compared to related arts, and specifically provides a
15 laser annealing method which does not form or can reduce a concentric-circle pattern, as well as
a semiconductor device fabricating method which includes the laser annealing method as one

step.
First of all, consideration is given to a cause which forms a concentric-circle pattern
such as that shown in Fig. 2. The laser beam irradiated onto the amorphous silicon film was a
20  linear laser beam which became a linear shape at the irradiation plane. For this reason, even if
- any paitern is formed on the crystalline silicon film obtained after irradiation with the laser
beam, the pattern should become a pattern parallel or perpendicular to the lincar laser beam as
long as the semiconductor film, the substrate and a substrate stage are completely flat.
However, since the pattern observed in Fig. 2 has the shape of a concentric circle, it may be

25  considered that the pattern is not due to the linear laser beam. In other words, it can be




determ ned that the cause of the occurrence of the concentric-ci rﬁBE(}ET 2005
pattern lies in the distortion of any one or plural ones of the

sem conductor film the substrate and the substrate stage. The
‘concentric-circle pattern observed in Fig. 2 is simlar to Newton's rings.
Newton's rings are a fringe pattern which is formed when lights reflected
fromplural reflection 5 surfaces interfere with one another. Fromthis
fact, it can be inferred that the concéntric-circle patternis simlarly
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surfaces. Experinents for identifying the plural reflection surfaces were
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second harmonic (of wavelength 532 nm) of the YAG laser. In other words, it can be
considered that since the reflectivity and the transmissivity of the amorphous silicon film are
high, an interference occurs between a beam reflected from the surface of the amorphous

15 silicon film and a reflected beam which occurs when a laser beam transmitted through the
amorphous silicon film is reflected at a certain surface.

;\ The number of surfaces (reflection surfaces) at which the second harmonic of the
YAG laser transmitted through the amorphous silicon film can be reflected can be considered to
be three as follows:

20 (A) the substrate stage,
| (B) the back surface of the substrate, and
(C) the interface between the amorphous silicon film and the substrate.
In order to identify which of these reflection surfaces is the cause of the
concentric-circle pattern, the first and second experiments of eliminating the influence of each

25 of the reflected beams were performed and a theoretical expression is obtained from the results




-6- of the first and second experinents. In each of the first and geg@qdzﬂﬁ5
experinments, a 55-nmthick anorphous silicon filmwhich was forntd 0Orf 'a
1737 gl ass substrate 5 inches square and 0.7 mm thick was used as a

sem conductor film Incidentally, in the specification, the surface of the
substrate is defined as a surface on which the filmis deposited, while the
back surface of the 5 substrate is defined as a surface which is opposite
to the surface on which the filmis de'ﬁﬁsited. First, the experinent of

el i m naftegittediseédndenperiatnd. beah beflcariedd ke axsihadnats s ihagek 41
was performed as the first experinent. The first experinent wll be
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beamreflected fromthe substrate stage 41 °was prevented frominterferin
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inthis state, laser annealing was per e reference nuneral
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surface of the sﬁllc_on_ waf ( ca simlar periment was
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fact, PPHEERCGeTRGREhrERRE DURERIYE BGRABHEFI doamy #dthp aefeanae numeral Adpandent
of the rgﬁeacggdrbegalneg"})r%da ;urr?argeto??hess%gggnr v%gf%r ig.a r? a(?dlifi;)n, a similar experiment was
performed with the silicon wafer 43 omitted, in order to discriminate between a phenomenon
15 due to the fact that the substrate stage 41 and the substrate 10 are not in contact with each other
and a phenomenon due to the fact that the silicon wafer 43 is obliquely disposed between the
(" substrate stage 41 and the substrate 10.
Figs. 5A and 5B are views showing one example of the results of the first experiment.
Fig. 5A shows different crystalline silicon films, one of which was obtained when laser
20 annealing was performed with the silicon wafer 43 being obliquely disposed 4 c¢m apart from
the substrate stage 41 and the other of which was obtained when laser annealing was performed
with the silicon wafer 43 being not disposed. Fig. 5B is a schematic view of Fig. ‘SA. From
Figs. 5A and 5B, it can be seen that the concentric-circle patterns appear irrespective of the

presence or absence of the silicon wafer 43. From this fact, it can be seen that the

25 concentric-circle patterns are independent of the beam reflected from the substrate stage 41.




0 5 OCT 2005 -7 Then, the experinent of elimnating the infl uen,cecgpﬁ A PeZiid
reflected fromthe back surface of the substrate 10 was perforned as the
second experinment. The second experinent wl|l be described below with
reference to Fig. 6. As shown in Fig. 6, the substrate 10 was inclined

Wi th respect to an incident beam 64 so that a reflected beam 66 fromthe
back surface 5 of the substrate stage 41 and a refl ected beam 65 fromthe
surface of the sem conductor film11l “do not interfere with each other, and
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will b&ESiEy WRE'H"™4r ef erence to Fig. 8. The amorphous silicon
filmis assuped be plain parallel plate having a refractive index n.
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refracted a(i] travels at an angle 02 in the plain parallel plate. It is
assumeORetHerepberyiRlling sdicar filmewhich et resaeqtivelyabsaingd whes laseppptrolisg
silicon filmand the substrate are 4 i
was performed with supports 5 mm, 10 mm and 15 mm high being disposed, and Fig. 7B is a
schematic view of Fig. 7A. From F igs. 7A and 7B, it can be seen that a concentric-circle pattern
was observed when one side of the substrate 10 was set against the support 5 mm high, whereas
15 a concentric-circle pattern vanished when one side of the substrate 10 was set against the
support 10 mm high. In other words, it is seen that if the incident laser beam is inclined at an
( angle, the concentric-circle pattern disappears when the angle of inclination is greater than or
equal to a certain angle.
The interference between a beam reflected from the surface of the semiconductor film
20 and a beam reflected from the interface of the semiconductor film and the substrate will be
considered below with reference to Fig. 8. The amorphous silicon film is assumed to be a plain
parallel plate having a refractive index n. A laser beam 84 incident on the amorphous silicon
film at an angle 8 is refracted and travels at an angle 85 in the plain parallel plate. It is assumed

here that the respective refractive indices of the amorphous silicon film and the substrate are 4

25  and [.5 against the second harmonic (of wavelength 532 nm) of the YAG laser. Ow'ing to the




25 and 1.5 against the second harnonic (of wavel ength 532 nn) of fite QYAG2085
| aser. OMng to the O 5 OCT 2005 -8- difference between both refractive

i ndi ces, a phase deviation does not occur at the surface of the anorphous
silicon film but a relative phase deviation of rt occurs at the interface
between the anorphous silicon filmand the substrate. Taking this fact
into account, a mninmnumcondition for a reflected beam A 85 and a

refl ected beam B 86 i s found as foIIovvs8 5 2nd x cos02 = nX, (mis an
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0SSi |I|t t hat fringe pattern made of
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10 d =55 [nm], and
A =532 [nm].
Substituting these values, the following expression is obtained:
costy =m x 532 / (2 x 4 x 55)
=m x 532/ 440. (2)
15 From Expression (2), it is seen that since m can only take on 0, 8 can only take on one value to
minimize the interference between the reflected beam A 85 and the reflected beam B 86. From
{ the fact that interference fringes occur in the case where m can take on- plural values, it is seen
that there is no possibility that a fringe pattern made of alternate dark and bright fringes is
- formed from the beam reflected at the interface between the amorphous silicon film and the
20 substrate.

From the above-described experiment results and theoretical expression, it can be
determined that the cause of the formation of the concentric-circle pattern is the interference
between the beam reflected from the surface of the amorphous silicon film and the beam
reflected from the back surface of the substrate. The cause that the concentric-circle pattern

25  was formed can be considered to be that the substrate was warped not in only one direction but




.
reflected fromthe back surface of the substrate. The cause that tﬂ& 0CT 2005
concentric-circle pattern 25 was fornmed can be considered to be that the
substrate was warped not in only one direction but 0 5 OCT 2005 -9- in two
different directions. If the substrate is distorted in only one direction
like a cylindrical |lens, a concentric-circle pattern will not appear, and
a parallel fringe pattern will be fornmed. Figs. LOA and 10B are views
showi ng the result obtained when the drftortion of a 1737 glass substrate

was medsuwedifiditardikarong peaenubeade iy bR 8f ofly bRIREER I IRe Al 948G O
five hours. 5 In Fig. 10A theuhorigontal axisor%presentgmﬁﬁg%f3§§$§%%ion,

wher eagens) afogeent§BeirdlB§aRhl ¢ AR lappét! Snd £ P&%ﬁﬁrﬁiﬁ %és Bgt(tﬁ% S&i(f)ip ?1.%?8919%2”3

the vertical axis of each Figs. |0A and LOB tepresen

di rect iggs. apd ddae1oB e 86k %v&i&% Elﬁ%ﬁl?got?i%ﬂ'e& Wﬁﬁﬁ %pcggtk)h%% 39 %g'ntl,al axes

g1a58
are determned for convenience's sake so that the su rate i's positioned

o2 S POuIPk i Bl i S LR AL el e FLDS, hosgicd on

the top right o e su rom FI gs. Tent

that t fie FrBRiL & endrfolBl REY rl el OL 1ick, Adcks O BECIBRNS: AL prgsent

this rtion may have an r'nfl'uence on u, ent
of the distarkl oes..not. becone a propbl.em.in any other st of
fabrical angééﬁﬁgé%ﬁgé?%gﬁﬁéﬁF@éie§E§ﬁag§mﬁﬁ$§?dtﬁf¥hi8§a§§5ﬁ§¥“?H@eﬁﬁct
that, in.the second.experinent, no concentric-circle pattern appeared when
| aser é%%%giphg%e g”ﬁ@ﬁﬁb@ﬁgge&ﬁ?ﬁdﬁﬁﬁe@ﬁﬁﬁ¥ygﬂﬁﬁ?H?P‘ﬁ@ﬁﬁoﬂﬁﬁnﬂﬁvéﬁ¥¢on
15 prov'%gs.tg§ art of.irnadiatig&ﬁﬂ?la er beamonto a substrate at an
angl e. FHHLES ARATRSINCETE S FCish A foHDPSTate iSPasBvard peshoy i ki With peduce
ang . . . TN . .
the non-unif QHL%% of ﬁhg properties of individual sem conductor filnms due
to the Phidif ePEREIY ilabEinapatnd onghe tomahé at tha gubstrnier Bsgmfigngauen  a
crystall'ne,senicongggtor film it is possible to obtain a TFT havi ng good
el dlt rilO% i ippaEe Biaf dieisuastrais prarped! igdeihrofishes anrhy direpsionasdt pibesatiised i n
the invention be irradiated in the state of being linearly forned by an
opt i caldEgies may seddnindresee an lagarnyealisenbrighe peentafdhe Hitmiomdegssnathat
the |aser beamis formed so that it beconmes linear in shape at an
i rradi PEFHRE §|pgﬂ:éqm pany other step of fabricating semiconductor devices such as TFTs.
On the basis of the fact that, in the second experiment, no concentric-circle pattern
appeared when laser annealing was performed with the substrate inclined, the invention
15  provides the art of irradiating a laser beam onto a substrate at an angle. In accordance with the
invention, it is possible to remove or reduce the non-uniformity of the properties of individual
( o semiconductor films due to the interference of laser beams. By fabricating a TFT by usi'ng such
a crystalline semiconductor film, it is possible to obtain a TFT having good electrical
characteristics.
20 It is desirable that the laser beam used in the invention be irradiated in the state of
being linearly formed by an optical system. Incidentally, linearly forming the laser beam
means that the laser beam is formed so that it becomes linear in shape at an irradiation plane. In
addition, the term “linear” used herein does not mean “a line” in the strict sense, and means a

rectangle having a large aspect ratio (or an ellipse). For example, the term “linear” indicates a

25  shape having an aspect ratio of 10 or more (preferably, 100-10,000).



addition, the term"linear" used herein does not nean "a line" in Qe 00T 2005
strict sense, and neans a rectangle having a |l arge aspect ratio (or an

el lipse). For exanple, the term"linear" indicates a 25 shape having an
aspect ratio of 10 or nore (preferably, 100-10,000). 0 5 OCT 2005 -10 The
solid-state | aser may use a generally known type of |aser such as a YAG

| aser (ordinarily, an Nd: YAG | aser), iﬂ Nd: YLF | aser, an Nd: YVO4 | aser, an
Nd: YAIO, laser, a ruby laser, an alexandrite |laser or a Ti:sapphire |aser.

In particul arrhe\s\afmsemwlamqnhg%eé 8 o‘éﬂérﬁh @ﬁéwn %;%e&* 1Q£er sﬂa?gbsfy%&q ,&nd

pul se energy are preferable However , he | aser a wavel ength

whi ch gamiiheil, raﬁm%@QsérWdﬁWY%b@% exs?i %th dh PWYRF@ 36 A0 beam

reflect ed fromthe back surface o e ’'su trate Interferes WI dhm%%eam

reflectgd: ah dieiignd;rHE {RELoOf Tt SQ rﬂi&e? n?lth%h% flaIr,[ k% dng Yﬁég laﬁﬁ:ﬁ W}éﬁlf'hcgf

transm SSIVIty of an anorp OUS SI ICOI’] ness

wavel e%g%%%rgfg%acgand l |§ gf?r%e%%[ﬂagfat t he | aser beam nust have a

wavel e nm or *200 10 nm or nore) so that it can
be transmtt he anp us. s n m of thi ckness 55 nm
Howéver in ?ﬁo V‘t}%ﬁgg%?ll%}n mtuﬁeﬁ‘lf?rﬁf) aéfele(gg&?{ﬁlcbecﬁijcb& [T ded ShrotiahsthR ot
partic and n silico ut. a nd sem conduct or
film hgéﬁ}ég}{%&&fﬁ ﬁ% é‘%%lff E‘E?af‘r%ecﬁﬁé@%f e?ﬂ%‘f e %‘Béﬁmla% ipteyfeges

al | oy %nth%é rrﬁg R gg the inventjon. The wavel ength may
be appropri at Fiﬁlaf@ ‘thﬁi n'léaI by Hceoﬁ 1t semifoadeder {EmyaFig eHytHe™Mihieh can
be transmtted. through s mconductor films differ according to the kinds,

t he tm‘c‘RﬁE@é‘éEYBFd“t ofppREs BHcanfamatdeisknesesy ewrguasioraiangths. Eerm Ex@anpl e,
if the3£a6 Jaser is ti be used, since the basic wave of the YAG | aser has

a | ong altdF &5t thaidhe faseubsim must haye grgrvsteapiheoti3s0nse of mers@eefattbharfibni c
(of wavel ength 532 nm. The first harnonic can be nodul ated into the
sedBnd "HRPHBIRI SOtk 1t sy e Wansrotedthapughibe amofmivrs Rilisar fibniof tigkmess 53

wavel engt h_nodul ator including non-linear elenents. The formation of each
of t he PHar FSHTEYSE fayhe dnfeakam.t be pmoiel afttbe semiodémtter film i noi gartienleilpn

assuned that a
limited, and not only silicon but a compound semiconductor film having an amorphous

structure made of a silicon germanium (SiGe) alloy or the like may also be applied to the
inven.tion. The wavelength may be appropriately determined by an operator because

15 wavelengths which can be transmitted through semiconductor films differ according to the
kinds, the thicknesses or the like of individual semiconductor films.

( | For example, if the YAG laser is to be used, since‘ the basic wave of the YAG laser has
a long wavelength of 1064 nm, it is preferable to use the second harmonic (of wavelength 532
nm). The first harmonic can be modulated into the second harmonic. the third harmonic or the

20 fourth harmonic by a wavelength modulator including non-linear elements. The formation of
each of the ha?monics may conform to known arts. Incidentally, it is herein.ussumed that a
“laser beam which uses a solid-state laser as its light source™ contains not only the first
harmonic but other harrnonics which are wavelength—moduiated haltway on an optical path,

Otherwise, a Q-switching method (Q-modulation switching method) which is wid_ely

25  used in YAG lasers may also be used. The Q-switching method is a method of outputting a




"| aser beam whi ch uses a solid-state laser as its light source" coftaiiE 2005
not only the first harnonic but other harnonics which are

wavel engt h- nodul at ed hal fway on an optical path. G herwise, a Qswtching

met hod (Q nodul ation switching nethod) which is widely 25 used in YAG

| asers may al so be used. The Q@ switching nmethod is a nethod of outputting a
OCT 2005 -11 pul sed |l aser having a verg hi gh energy | evel and steep pul se
edges by keeping the Qof a laser res fator at a fully |l ow val ue and

suddenbylstdkeasvig 4 iy Rightendrdyi 8%l uad YRep Jii8e Qﬁ%‘@‘b&%b@g% b Red hgc a

known art. Any of the solid-state |asers used in the’inv ion is capable
of out piibhitBfat full§ Bw RERBN® sMRRShGRAIY, BRI aﬁhi%f?lvh eSTak %%-.%Ma{iﬁ& , @
resonance mnor and a light source’for exciting the” solid-state crystal,
so thatnhif isaldndwglgt € | asers do not need extrenely conplicated
mai nt enance unlike excinmer |lasers. In other words, the solid-state |asers
are very | owa R Jrinnisng. : X Cl. Ter S, and ke, it

Angat y bt s@a?esl't;a]glerg 8@%% 1{‘1‘9611%)68 1§Eeapalgl§?)€5%t8%%n ag%gfg am

possible to gr reduce e manufacturing costs cén

devi Lion, £t f pai I

dect cagt R i Sl 0B s N DU S e Sl er BB AERES LS Bhechae tne
I f fact uri ' .th tl

cont 11 BN el R TR B R R RS Ay B SRS o e et or

devi ces, .Moreover , since the areas occupjed the solid-state | asers are
Sl CRnROEEOLEE 108l b BERES R SHRLF ek Bre S o¥ PPt Rt o
to designin f _nmanufacturi.ng.li.nes.. 15 BRI S PTI ON. OF THE DRAW NGS
The " nSERPIS PTG R 1Y aﬁﬂéh&?ﬁﬁ&#%‘&ﬁf%%@ﬁ%%%ﬁWﬂﬁ@ﬁ@f%&%tﬁ O t he
follow ng. detaile descii i.on of referreg,enboginents of the invention
when t SRBIFOPHCIEST IRt (Mo '%aﬁi@f&%ﬁﬁ HAER Gt BRAEIRGSS CYSeHicEIRSe20

Fi 1.is a viewsh mﬁgg one, exanpl e of the construction of a |aser

i rg%di Lthe qpgration rate of production lines increases, so that the overall throughput of manufacturing

processes increases, thus greatly contributing to a reduction in the manufacturing costs of
semiconductor devices. Moreover, since the areas occupied by the solid-state lasers are small
compared to excimer lasers, the solid-state lasers are advantageous to designing of

manufacturing lines.

15
BRIEF DESCRIPTION OF THE DRAWINGS
(" The invention will become more readily appreciated and understood from tﬁe
following detailed description of preferred embodiments of the invention when taken in
~ conjunction with the accompanying drawings, in which: |
20 Fig. 1 is a view showing one example of the construction of a laser irradiation
apparatus;
Fig. 2 is a view showing one example of a concentric-circle pattern;
Fig. 3A is a view showing the retlectivity of an amorphous silicon film (of thickness
55 nm) against wavelengths;
25 Fig. 3B is a view showing the transmissivity of the amorphous silicon film (of




apparatus; Fig. 2 is a view showi ng one exanple of a concentric-d)bcleT 2005
pattern; Fig. 3Ais a view showing the reflectivity of an anorphous silicon
film (of thickness 55 nm against wavel engths; 25 Fig. 3Bis a view

showi ng the transmissivity of the anmorphous silicon film(of 0 5 OCT 2005
-12 thickness 55 nm agai nst wavel engths; Fig. 4 is a view show ng the
manner in which laser annealing is performed with the influence of a
substrate stage being elimnated; Fi 95125A and 5B are views show ng one

exanpl ehi€fnetdEs rﬁ:ﬁ;&%aﬁrsst Gfdvélhﬁgthaser annealing 5 performed with the
i nfluence of the s trate stage being elimnated; Fig. 6 is a view show ng

the manner i pighiiich &% GhoaiRant hﬁgnérﬁn%{1&9fd%ddn%ﬁlha%t:h%erfbﬂlflécp@gﬁQh@f the
back surface of the substrate stage being elimnated igs. 7A and 7B are

Vi ews ﬁm\éhéwofqlrg%b%@gpﬂage ggm%lggm;rgl%lts of the laser annealing perforned
with the influence of thé back surfacé of the substrate stage being

el i m nat ed; ﬂi% sF$Qan8 S!Bsar vYéw%Wh@W 'e&a&%&sétdtﬁé 'rélglé% Ql?th% n# { glﬁ{eglgj?é beam

bet ween a beamreflected from a ace of *a sem con m an

r Efé er&%l’H@a%&l’r&le 1ﬁﬁ1?ernt:@‘81.eth8f§¥16{ﬂﬁte S?&Qg%%ﬂ]%g%ﬂ%hﬂtﬂ&l I mand a substrat e

Fi g. I's an explanatory view o cti'ons of the substrate;
i rection of ERG 1Y EhsER AR E”Hﬂerfﬁbvﬂéﬁéa‘%é% PG o B BB o
di st or ﬂle@n(Eee&q};lé ‘J/E?th réaﬁe 011yt]a1 1I,1bs rﬁ ng}gl%r%mlgghﬁg t}%(irat e Fig. 11 is a view

show ng one exanp cording to the

i nventi on; . . .
_ Figs. 7A and 7B are views showing one example of the resuits of the laser annealing

performed with the influence of the back surface of the substrate stage being eliminated;

10 Fig. 8 is a view aiding in considering the interference between a beam reflected from a
surface of a semiconductor film and a beam reflected from the interface of the semiconductor
film and a substrate:

Fig. 9 is an explanatory view of the x and y directions of the substrate;
Fig. 10A is a view showing an example of distortion relative to the x direction of the
15 substrate;
Fig. 10B is a view showing an example of distortion relative to the y direction of the

(' substrate;
Fig. 11 is a view showing one example of the laser annealing method according to the

invention;

20 Fig. 12 is a view showing another example of the laser annealing method according to
the invention;

Figs. 13A to 13C are cross-sectional views showing the process of fabricating pixel
- TFTs and TFTs for driver circuits;
Figs. 14A to 14C are cross-sectional views showing the process of fabricating the pixel

25  TFTs and the TFTs tor driver circuits;




20 Fig. 12 is a view showi ng another exanple of the |aser anneal if§ PET 25
according to the invention; Figs. 13A to 13C are cross-sectional views
showi ng the process of fabricating pixel TFTs and TFTs for driver
circuits; Figs. 14A to 14C are cross-sectional views show ng the process of
fabricating the pixel 25 TFTs and the TFTs for driver circuits; G S OCT
2005 -13- Figs. 15A to 15C are cross-sectional views show ng the process of
fabricating the pixel TFTs and the TFFSfor driver circuits; Fig. 16 is a

Cross-sect i oféds. V3£ BIOWeREbsERE PNIIGESSs m‘owﬁﬁ@ﬂhb%%cb&%tﬂb‘?m@hﬁ‘geﬂheﬂ:@ and
the TFTs for driver circuits; 5 Fig. 17 is a top plan view show ng"t

constr(ItEtIscandﬁfe’ameeun{r&Llrcﬂgg 18 is a cross-sectional view show ng the
process of fabricating an active matrix type liquid crystal di spl ay

device; Fig. Fi 16%s fcrbbLWclbnd v%@%wﬁ%ﬁfe%@es@&fghﬁ Hlifrg % p%(e(i“['F;“gAnl S a

circuit and a pixel section of l'ight=em’tting device;

top pl ap VreweRlirith&ilcu@fit-em tting device; Fig. 20Bis a view of a
cross-sectional structuré of a driver circuit and a plxel section of the

light-emttinpg qoy Qﬁjcmﬁhrg%e Hutifl t?lgrlc::m?sr ct\{é EHI)’II \Af"rfllgndl fferent

exanpl es of a sem conductor ‘device® accor tion; 15. Figs.

22A to 22F a fer ent . ex em conductor

devi ce; Fi gsﬁ%gﬁqg\% Z%%V%Jﬁ}gmg! Iélﬁ/\év DR gled’f?‘ieé?%ﬁdg ]ﬁﬁgldélstBf’efrH‘ém

sem co Al.LED DESCRI PTI ON OF THE | NVENTI ON 20 The i nci dent
angl e gg&,%q%qlﬂg%&e{?% %[ffw%é described below with reference to Fig. 1 in

Fig. 19 is a view of a cross-sectional structure of a driver circuit and a pixel section of
a light-emitting device;
10 Fig. 20A is a top plan view of the light-emitting device;
Fig. 20Bis a view of a cross-sectional structure of a driver circuit and a pixel section of
the light-emitting device; |
Figs. 21A to 21F are views showing different examples of a semiconductor device
according to the invention;
15. Figs. 22A to 22F are views showing different examples of the semiconductor device;
and

Figs. 23A to 23C are views showing different examples of the semiconductor device.

DETAILED DESCRIPTION OF THE INVENTION

20 The incident angle of a laser beam will be described below with reference to Fig. 1in
connection with preferred embodiments of the invention which will be described later.

A laser beam with a beam width w is made incident on a semiconductor film (a target

to be irradiated). The incident angle at this time is assumed to be 8. In general, the

semiconductor film is deposited to a thickness of 25-80 nm, and since the semiconductor tilm is

25  very thin compared to a thickness D (0.7 mm) of a glass substrate, the deviation of the optical




connection with preferred enbodiments of the invention which wli ?qup'!' 0g5
described later. A laser beamwith a beamwidth w, is made incident ©h zg
sem conductor film(a target to be irradiated). The incident angle at this
time is assuned to be H In general, the sem conductor filmis deposited
to a thickness of 25-80 nm and since the sem conductor filmis 25 very
thin conpared to a thickness D (0.7 mm of a glass substrate, the deviation
of the optical 0 5 OCT 2005 -14- path of44he | aser beam due to the

sem con@ucoOmefliderbean dae td BRokaRonrfEEF HiRThY be 1S dASKE or&lﬁ%ﬂﬂ, s %Qiem tted
t hrough the sem conductor filmtravels nearly rectili near(iy {oward the hack

sur f aceeain tl‘fhﬁnﬁt't@ﬁﬂhfcﬁltgﬁ1th@-§‘@niic§nd’u%fergﬁga s r#elaﬁ p«gcgilﬁgéﬂ[){]t%%r@ hel 16

substrate. The | aser beam (reflected reflect ~t’he bac surikace

of the ssHbsd 5RME sSHERGRSInd lfgereﬁ@é%ﬁ%%% k S§Jf DR tﬁé‘%bgﬁéé.s Tffhr

m.t he
substrate. During this tinme, If the inciden eam an e reffecteddeam do
not at t ) 1 uctor .film the i.nterf.erence
ot he (EksSuTLERS RIRARD o0 RE bR G SERS SSRGSt Ot G e, o
congentr:Cs Gl 'n IS not farnmed, . The .condition under, which the
congentalrhllj%z( g% ?rgtngthggﬁsgd{r%' o%én%tgfsqb%%d’ff thi%“%ﬁwg’g%d“df eorﬁb?‘ftﬁc!'geia“é ©
follows: 10 tanQ> . w/ 2 (3 L. > arctan(w 2 x. D)) (3)' where w =
(w, +W\§/\}?)t %ngfl%v\sés\%}eera ?h pher ?%@’ﬁlslg ma)clmfhﬁcéms@{:'b ARF 'é’%&’iéffig’ﬁ‘"e At R@WG@\ES fipgit"%ven

if the _incident beam and.the refl ected beam ar.e not conpletely separated
from each of ﬁ%’r ?en%lﬁ%ndug%’ﬁ@éﬂt fi %tEEIi YRids, ap%‘:fnlcﬁritﬂcﬁé[ﬁleli’é“?réd%B‘étdf.%r refore,
assum ng that.D = Q..7 ., tanO = 5/126 15 and w, = w, = w=0.4[mj, the
ccondi tion ungré]re W&@I‘?L%e%ﬁﬁ‘@g ARG PUICERITIETClEaR At EFhdeesMop 8ccur dl a¥RIESd

‘cal cul tedFas f ol | ﬂﬁ\g‘ﬁsﬁ 0. 7x5/ 126> 0.4/ x, (x is an integer) ..x:514. 4.
Howev er T Fi& 125 dH3¥§ nat or and can only take on an integer, so that

10 Dxtanb=w/2, 3
~zarctan(w / (2x D)) (3
where w = (W + w7)/2. However, the result of the second experiment shows that even if the
incident beam and the reflected beam are not completely separated from each other, the
concentr‘ic;circle pattern can be reduced. Therefore, assuming that D = 0.7[mm], tanf = 5/126
15 and wy = wz = w = 0.4[mm], the condition under which the concentric-circle pattern can be
reduced is calculated as follows: |
( 0.7%5/126 = 0.4/ x, (x is an integer)
~x=<14.4,
However, x is a denominator and can only take on an integer, so that
20 X = 14.
Accordingly, the condition under which the concentric-circle pattern does not occur. which
condition is obtained from the experiment, becomes:
D x tanB = w/ 14, 3
.0 =z arctan(w / (14 x D)). (4y

25 If the semiconductor film is annealed with the laser beam made incident at the angle 6




o
20 x s 14. Accordingly, the condition under which the concentric-@ﬁ?gqg 200
pattern does not occur, which condition is obtained fromthe experinent,
becones: Dx tanOa w/ 14,(4) .'. 0 >_ arctan(w/ (14 x D).(4)" 25 If the
sem conductor filmis annealed with the | aser beam nmade inci dent at
the.angle 0 0 5 OCT 2005 -15- which satisfies this condition, the
concentric-circle pattern which would have so far been forned on the

sem conductor filmcan be reduced, wherldby a good crystalline seniconductor

fil m cavhibie shisfigr dhis AohBiTioahiteNcd e halIdi@ Rt ey WG ok R f%a\&r%SFa@'t}éeHe_
sem conductor filmhas good electrical characteristics. Incidentally, in

the speasihicat ilRemidbadanst 81 chingi fALESI, & Y @fol @y o Lo RALERN
per pendi cul ar to f[ﬁe subst rate.C [ Enbodi nenth%rle]g?élr%ggfé%&lt]mig %{rq%@&luo

| nvent ifgm dhlok (hiehede SCTEPadidEk OW bl by ‘Eéiﬁ% gﬂﬁgﬁﬁniﬁ% Qanicén&cﬁ)@$ilﬁlg1qﬁs 10

First of all, as a substrate 300, a substra i ng transparenc

br epar esbohiGlid:8 RARIOLIE 25584620 00 BIURAL Sl GR48 (PhARSO 4 o

al um na boro-silicate glass represen

gl ags Qlfev%gf)ﬁ]krﬂgl 4 &?&ﬁﬁ%ﬁlrp?ﬁ%ﬁdlghlglgtodt%?tL%%kr%fe as the substrate 300, a

guartz substrate or a si rat e nmay al so be used. O herw se, a

pl astic substrate which has heat resistance to the treatnent tenperature
used in Enbodinent 1 may al so be used. In 15 Enbodi nent 1, a gl ass

subst r at ared whi ch was made of the #1737 gl ass of Corning

I ncor pgﬁg}b\ég%%ﬁé?ﬁ/as 126 mm square and 0.7 mmthick. Then, a base film 301

made of an i | ating .fi such. as silicogn oxjde fjlm a silicon nitride
filmor a si I%lsnézb(?%lnﬁ‘lﬂ?[r]i ?fjém%%valémf”i ‘i"ﬁll }?esdefgﬁ’rﬁgg’e WHE "JeE5aes Brfdesdd antin
‘Enbodi gé t 1, the base film301 my use a two-layer structure, but may
also u single-layer film made of any

10 First of all, as a substrate 300, a substrate having transparency is prepared which is
made of glass such as barium boro-silicate glass or alumina boro-silicate glass represented by
the #7059 glass or the #1737 glass of Corning Incorporated. Incidentally, as the substrate 300,
a quartz substrate or a silicon substrate may also be used. Otherwise, a plastic substrate which
has heat resistance to the treatment temperature used in Embodiment 1 may also be used. In

15 Embodiment 1, a glass substrate was prepared which was made of the #1737 glass of Corning
Incorporated and was 126 mm square and 0.7 mm thick.

(- Then, a base film 301 made of an insulating film such as a silicon oxide film, a silicon
nitride film or a silicon nitride oxide film is formed on the substrate 300. In Embodiment 1, the
base film 301 may use a two-layer structure, but may also use a single-layer film made of any

20 ome of the insulating films or a structure in which two 6r more of the insulating films are
stacked. As the first layer of the base film 301, a silicon nitride oxide film 301a deposited by a
plasma CVD method uvsing SiH,, NH; and N-O as reaction gases is formed to a thickness of
10-200 nm (preferably, 50-100 nm). In Embodiment 1, the silicon nitride oxide film 301a of
thickness 50 nm was formed (composition ratio: Si = 32%, O = 27%, N = 24% and H = 17%).

25 - Then, as the second tayer of the base film 301, a silicon nitride oxide film of thickness 50-200




20 one of the insulating filnms or a structure in which two or morlk5ofCTn00E
insulating films are stacked. As the first |layer of the base film 301, a
silicon nitride oxide film 30la deposited by a plasma CVD net hod using

Si H4, NH3 and N2O as reaction gases is forned to a thickness of 10-200 nm
(preferably, 50-100 nm. In Enbodinent 1, the silicon nitride oxide film
301a of thickness 50 nmwas forned (conposition ratio: Si = 32% 0 = 27%
N =24%and H= 17%. 25 Then, as the se¢tond | ayer of the base film 301, a

si |'i copmnipkdredblypX 00 56idnm) Rffobhéd k68 $122Re 209 (K BrPRlye20%Pa pllmaneVD
(preferably, 100-150 nm) is fornmed to be stacked on the first |ayer, by a

pl asmameMad uiRigBIH , Wk mqosésHéa@I&ﬂO%N@éQ. a5 Hf@shihen 9%%ﬂ%on|rﬂtrﬁgggmemﬂm 1, a

silicon nitride oxide film 401b t hi ckness 100 nm was fornme

( conpogpty &'@hiﬁ:ﬁﬁdis@ 10PhmwAZHmN TorDkitidh b Y& A0 4 3 505’9"@@ fiﬁg} il 1A

sem conductor film302 is fornmed over the substrate

sem copgyctor film 302, a sem conductor film having an anorphous structure
is formed to a thickness of 25-80 nm (preferably, 30-60 nnm) by a known

method (a s rj ] t hod or | asna nmet hod) .
Al 't ougél t hgﬁrlréant?eg? irggrlﬁ%#n%tg o 2@%} (L:écf)%t%gct or i O Zhepﬁgﬁst%gﬁ%@gm ﬁﬁ ;me
limtegd, 41 i I le to farmt em conductor filmfromsilicon, a
i 11 comrrboulsd et Beneh Rl iy R8P 28 HFiigns st ar * formg
anor phgus, _sili il mof._thickpe nm was deposited by.usin | asma
VD hofiaEEes HeRah oml T oo DY E HrrE PeRG (DROutT HE ARG | | m
such a jlicon nitride ilmor a.sjlicon nitrjide oxide fi]mhas been
for med B VEHeeEator & f,ﬂﬂ&@ stttk R Maiaral By spicondyeion s e ase
ere the sem conductor. filmis formed after the base insulating filmhas
15 beewxﬁ@ﬁﬁggngﬁnpﬁgg§hﬁ§Fg%F%F:Pﬂggﬁdﬁ%%?n%?m%ﬁV¥$%@§“HySWHP&Hlﬁﬁgn}aser
beamis to pe %gflecied i ncreases. However, since the_respective
r et acBTHRNIURY(EE) dto Hehe kst Indembedimenhb apagorphiqys siligen Fimof Hiiclmess
nearly_the sane as each other, a variation in refractive index at the

i nt er f 2B Wastdr@eHtedly winges plagm &MIhgetiodm and the substrate can be

i gnor ed. , ) )
Incidentally, in Embodiment 1, after the base insulating film such as a silicon nitride

film or a silicon nitride oxide film has been formed on the substrate, the semiconductor film is

formed. In the case where the semiconductor filim is formed after the base insulating film has

15  been formed oﬁ the substrate, the number of surfaces by which the laser beam is to be reflected

increases. However, since the respective refractive indices of the substrate and the base

(' insulating film are nearly the same as each other, a variation in refractive index at the interche

between the base insulating film and the substrate can be ignored.

Then, crystallization of the semiconductor film is performed. Crystallization using a

20  laser annealing method is applied to the crystallization of the semiconductor film. As methods

of crystallizing the semiconductor film,. there are a thermal crystallization method and a thermal

crystallization method using a catalyst such as nickel, in addition to crystallization using a laser

annealing method. Otherwise, anv one of these crystallization methods and a laser annealing
method may be combined. The invention is applied to and embodied in laser cryvstallization.

25 In the crystallization using a laser annealing method, it is desirable that hydrogen




Then, crystallization of the sem conductor filmis perforned. 05 act 2005
Crystallization using a 20 |laser annealing nethod is applied to the
crystallization of the sem conductor film As nmethods of crystallizing the
sem conductor film there are a thermal crystallization nmethod and a
thermal crystallization nmethod using a catal yst such as nickel, in
addition to crystallization using a | ager anneal i ng net hod. O herw se. any
one of these crystallization nmethods and a | aser annealing nethod nay be
conbi nefhtaiddiLin ¥ @R{orsHbuk Se@RBhHEYo L QIR e d%@ii%ﬁgécﬁﬁ% ;}d@aké‘@% ecifically, it is
crystallization. 25 In the crystallization using a | aser arneal 1 ng ‘et hod,

it is glepriabhe rddvat (hy Y @98t Qmﬁc%ﬁ%ﬁ] v &f 169\9?.(-’ %'J(P(Fsingl I[}ietalt}gor% Biphous

sem conductor filmbe discharged 1 n advance. Specifica
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; s.l aser | ass er or t | i ke pay.also be used as |ong
as it Sr?alg'ﬁ%?%ﬁasﬁﬁﬁ%PiAaq'ﬂ%ef’aasﬁ“i Br E;emh[gb; ki Yéﬁ@t KECT 4s8PY §&61 1 40at or

10 201 .is forned into a |.inear bea o] i rradi atjon plane has a |inear
/S hape,al%’i/anﬂgl[cﬁgselr’h"re}%bﬁlpp@éﬁf E‘S%rféM%hﬁﬁ%‘f‘%éllg"‘%&i‘é?reﬁﬁli@“e@?erfoéﬁhee[k@npl e,
‘a long focal,length cylindrical |ens 205 for. enlarging a | aser beaminto a
| ong %‘E‘S%Rﬁ“%e%@ﬁﬂ?‘%/%fﬁil‘g‘é‘?%}%@“?OGT?WS%HHU@CQFW ddrqmy Sedasseaseillater o a
thin bgam .By usi n% such long focal |ength cylindrical lenses, it is
POSSI 1f Bo%lf‘gé’i‘tﬁ dineRLRE3Mm WheHI WA atON Rlancng @didedrshapse Py a5ing theamichls
uniformin energy distribution at or near the 15 irradi ation plane. In
addi t i gatem hd b SRECH owalem Bisst for eypmakes rdang fesk keoghy evlakfigdt leve 204 for
restraining a remarkable difference fromoccurring between the beam w dth
of a bEMERINgE lawnbeyn Intpa lorghhars Aadie cylindrickntersRN 0t hechwarging dtdserdfeam beam
reflected fromthe back surface of the

into a thin beam. By using such long focal length cylindrical lenses, it is possible to obtain a

d i bed b i Fig.. 11. a, | ) illator. 201, it
cocr oo, Dok pup by SRE A BB B PR SU SR LA

laser beam which is reduced in aberration and is uniform in energy distribution at or near the
15  irradiation plane. In addition, the long focal length cylindrical lenses are effective in restraining
a remarkable difference from occurring between the beam width of a beam incident on the
( ! semiconductor film and the beam width of a beam reflected from the buck surface of the
substrate. Experiments of the present inventor showed that when a cylindrical lens having a
focal length of 500 mm or more was used, the influence of aberration was able to be drastically
20 reduced.

A reflecting mirror 207 is provided in front of the cvlindrical lens 206 so that the
traveling direction of the laser beam can be changed. The angle at which the laser beam is made
incident on the irradiation plane can be adjusted to the desired angle 8§ by the reflecting mirror
207. If the angle of the cylindrical lens 206 is changed according to the angle of the reflecting

25 mirror 207, a laser beam having far higher symmetry can be formed on the irradiation plane.




substrate. Experiments of the present inventor showed that when afj% 0¢T 2005
cylindrical lens having a focal length of 500 nm or nore was used, the

i nfluence of aberration was able to be drastically 20 reduced. A
reflecting mrror 207 is provided in front of the Mndrical |ens 206 so
that the traveling direction of the |aser beam can be changed. The angle
at which the | aser beamis nmade incident on the irradiation plane can be
adjusted to the desired angle 0 by the'ere‘ercting mrror 207. If the angle
of the cylindgi ﬁ@hldrﬁ%@%QQiela§bg}ﬁ‘ﬂ%qO%cl9{agfd rﬁ dhs%n'ﬁ‘&%ldﬁctg fltlm the

reflecting 25 mrror 207, a las eam having far

formed @Reat B@arhd ﬂhﬂﬁjbﬁé @R wifh 4 &etl% &00R.5e08% :>()n9 a’/g r w1t% ut oveel' .
| i near beans are to be |rrad|ate& onto a 8mco uctoréf t'Re i 'ARar
b t I t f 0- 98%
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w t hout over Si nce opti mum i ONS acc

of sem r. erlosof as i s,
prefera %ﬁq%q%‘%g?i Sgib%‘ggsr gtlgﬁ’paf)%tg%g%{fta "eIR74 g%rtzéorpﬁ‘?% el¥ ﬁ%te%ﬂeﬁﬁwp%m“m
concy tl&glsm Ong Enbodi mrent 1, a YAG | aser was used as the | aser oscillator

201.” The ou put from the YAG | aser was nodul at ed |nto t he second harnonic
by a non-lin caltfegRtIZOZ and vvals%g me%lntoallnear beam
of length. 13 nm a% K ot AT UoRd 45g0¢ ercfﬁfli létﬂr Usy dbeAptPYhECThe
| i near %e%m ) |rrad|§8ed ont%the s%g conductor film At this tine, the
li near 16 TBEAMHES TPPdHftse gHO HiesAcopd barmeniaby uees-Lns: BHPB?dISI‘“JH@QP%‘Wr om
the di rectl on .per endi c lar to the substrate Since the cylindrical |ens
1206 hav{'figisn |f‘8t 1B ?@ﬁ&?ﬁﬂwééﬂtggba T andpickh {y=mmobupsing theegptisel
used. If the |rrag| ation condition of Enbodinent | is applied to Expression
(4), tHESIEEY ROGHEK ms‘flfd‘eﬁaﬁte%wgdmwdms@ ihe pEniconrlugEr Filma B\t ahig tirtsetheilighar- hand
side becones: (0.4 / 8 = 0.0500.

10 ~ beam was irradiated W1th an angular deviation of 5 degrees from the direction perpendicular to

the substrate. Since the cylindrical lens 206 having a long focal length was used, w, = w2 = w =

0.4[mm] may be used. If the irradiation condition of Embodiment 1 is ttpplied to Expression
(4), the left-hand side becomes:
0.7 x tan5 = 0.0612,
15 and the right-hand side becomes:

0.4 /8 =0.0500.

Vi

Accordingly, Expression (4) is satisfied, and a concentric-circle pattern was not observed on the
crystalline semiconductor film obtained by the laser annealing. A TFT which is fabricated by

using this crystalline semiconductor film has good electrical characteristics.

20
[Embodiment 2]
Embodiment 2 which differs from Embodiment 1 will be described below with -
reference to Fig. 12.
| A substrate and a semiconductor film were fabricated in accordance with the process

25 of Embodiment 1. In Embodiment 2 as well, a #1737 glass substrate made by Corning




Accordi ngly, Expression (4) is satisfied, and a concentric-circl eﬁﬁaggqrgg%
was not observed on the crystalline sem conductor filmobtained by th

| aser annealing. A TFT which is fabricated by wusing this crystalline

sem conductor film has good el ectrical characteristics. 20 [ Enbodi nent 2]
Enbodi nent 2 which differs from Enbodinment 1 will be described below with
reference to Fig. 12. A substrate and em conductor filmwere fabricated
in accordance with the process 25 of Enbodi nent 1. |In Enbodi nent 2 as

vel |,  anddlpcidicdlvas is&t st aten JipRis RYiceR rfﬂfnr(t%f hickKsTs 2 glglz wal SP()Ijnﬂ: O§Rpr at ed

was used and an anor phous silicon film (of thickness 5 or med

over lt}hwglgclqa;ssgtﬁ;@@tgm Bt dCVD et hod The opti cal system of Enbodi ment
2 wll be described belowwith reference to Fig. 12. In Fig. 12, the sane

reference nU%E%Ecﬁrs?stHﬁe(q Eﬁb&ﬁﬁ@ﬁtez w@ﬁrb[eée&(?{?ﬁ%@@w{yﬂﬁ r&f%re%f:? o fig g used

in the optical system shown in Fig hé re chg

m rror 1204, iy f!ZX% St grgfegﬁb e‘%lE Red Sﬁ%ﬂetgtde% ﬁﬁg@rﬁ%ﬁp%ﬁﬁﬁq ﬁwose

substrate stage 203 1's incline y an an

di |.J
201 THE A BTG ﬁ‘ﬁ‘ﬁ"@i@@%ie?ﬁl eﬂﬁi&% hrGre et WAl moni c

by th [ 202 10 and then f to a |
peam of Tosat sy iweRle BB e mas\y?s{]rgreﬁ@faeﬁ@%w? 0 AR Bnd

the Ii S dlated onto the sem conductor film At thlstlrre
t he Ilﬁ%g{thggg%zgv\ggl c|llre|p§1‘8lril ‘ated with an angul ar deviation of 10 degrees from

the direction endl | ) the substrate. Since the cylindrical |ens
206 having al ]d:ﬁjg) E’S‘?:ea?lt %rgétcfﬁ SWAIEEY 28 &le laseppscillype=2( . 2T herRu Py Ta5R
used. |f |rrad|at ncndltlon of Enbodiment | is 15 applied to
Expr es ih8 %A{%Z SIS Ty utla R HEe thegecyudisymenic by the non-linear optx(rz)ﬁ element 202

10 and was then formed into a linear beam of length 130 mm and width 0.4 mm by using the
optical systern, and the linear beam was irradiated onto the semiconductor film. At this time,
the linear beam was irradiated with an angular deviation of 10 degrees from the direction
perpendicular to the substrate. Since the cylindrical lens 206 having a long focal length was
used, wy = wz = w = 0.4[mm] may be used. If the irradiation condition of Embodiment | is

15  applied to Expression (4), the lef_t-hand side becomes:

0.7 x tan10 = 0.1234
{ and the right-hand side becomes:
0.4 /8 =0.0500.
Accordingly, Expression (4) is satisfied, and a concentric-circle pattern was not observed on the
20  crystalline semiconductor film obtained by the laser annealing. A TFT which is fabricated by

using this crystalline semiconductor film has good electrical characteristics.

{Embodiment 3]

In this embodiment. the manufacturing method of the active matrix substrate is

25  explained using Figs. 13 to 21.




0.7 x tanlO = 0.1234 and the right-hand side becones: 0.4 / 8({H QUp5
Accordingly, Expression (4) is satisfied, and a concentric-circle pattern
was not observed on the 20 crystalline sem conductor film obtained by the
| aser annealing. A TFT which is fabricated by wusing this crystalline

sem conductor film has good electrical characteristics. [Enbodinent 3] In
this enbodi nent. the manufacturing nethod of the active matrix substrate is
25 explained using Figs. 13 to 21. 0 520CT 2005 -20- First in this

enbodi ment, RirGURSIHIAELRLSOPhenE USBHiratM PN ISedTBAg 0 a\@%%f?ﬁ b as, harium

bor osi | i cat e gl ass or al uni num borosilicate, represente ch as rni ng
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substrate, a silicon substrate, a net a ess’
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consisting o rs of. the insul film be used. As a

10 first Iayipt%\? 2 D5 TG ffefmeéc?f anngylpting, ﬂa»% 5 1 GOLCPP G GOR AT

formed with ickness of 10 to preferably 50 to 100 n with a
plasnamg§51ﬁ§P98 ﬁ@@LﬂN‘ONH§“1 n@ﬂﬂféégnn?kaﬁﬂz%ﬁua%ﬁﬁeﬁﬂothlktms
enbodi meg t he S|I|con oxe/nltrlde film30la ggosmlon ratio Si. = 32%
0 = 2790RHmeh YRy SIYCHYE ifRser a5 theibaps film ‘Pén AVGRTEGIe1aver Bimed.
Then, as a second | ayer .of the base film 301, a silicon oxynitride film
301D’ | & BPRRR SREUFS TN 88 Of HQOHmans [Tt bs BshimD o mmgte Hid. As &

(preferably 100 to 150 n with a plasma CVD net hod using SiH4
tirst layer of the base film 301, a silicon oxynitride film 301a is formed with a thickness of 10 to

200 nm (preferably 50 to 100 nm) with a plasma CVD method using SiHy4, NHs, and NaO as
reaction gas. In this embodiment, the silicon oxynitride film 301a (composition ratio Si = 32%

0 =27%, N =24% and H = 17%) with a film thickness of 50 nm is formed. Then, as a second

layer of the base film 301, a sjlicon oxynitride film 301b is formed and laminated into a

15 thickness of 50 to 200 nm (preferably 100 to 150 nm) with a plasma CVD method using SiH,4
and N;O as reaction gas. In this embodiment, the silicon oxynitride film 401b (composition

( ratio Si = 32%, O = 59%, N = 7% and H = 2%) with a film thickness of 100 nm is formed.

Subsefluently, semiconductor layer 302 are formed on the base film. The
semiconductor layer 302 are formed from a semiconductor film with an amorphous structure

20 which is formed by a known method (such as a sputtering method, an LPCVD method, or a
plasma CVD method) into the thickness of from 25 to 80 nm (preferably 30 to 60 nm). The
material of the semiconductor film is not particularly limited, but it is preferable to be formed of
silicon, a silicon germ#nium (SiGe) alloy, or the like. In this embodiment. 55 nm tﬁick

amorphous silicon film is formed by a plasma CVD method.




and N20 as reaction gas. In this embodi ment, the silicon oxynitri@8 §CTn2005
401b (conposition ratio Si = 32% 0 =59% N=7%and H=2% with a film
t hi ckness of 100 nmis forned. Subsequently, sem conductor |ayer 302 are
formed on the base film The sem conductor |ayer 302 are forned froma
sem conductor filmw th an anorphous structure 20 which is forned by a
known nethod (such as a sputtering nethod, an LPCVD net hod, or a plasma CVD
met hod) into the thickness of from25-23-80 nm (preferably 30 to 60 nm.

The materialNeat, tiee cagnileRngNCHOhd iskiidondi@br Rkt i€ ebadlded, | Mfedysput it
is preferable to be forned of silicon, a silicon germanium (Si Ge) alloy, -
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applied to the crystallization of the sem conductor urther, o

than lLaseppichapRt B li &oditaRzatbRrmE %Y&Bé&étélzﬁm.on”[ﬂé c?y@?zpl%ltion of the
kel a e TOf a

crystallization using nickel as a catalyst are applicab
t ' ' ' Id0a:he LLization of the 5
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CxXaTD! Sppbii heRRLalI ol L SR, PR AR5 (AP RS RO e,
P near gy das TIghiFE vl BnagR sy SebboRtact 67 11 m by
i t . sh i.n  Fi e 12. In thi nbadi t. aft th
ot 19, SRS B bl b S B Bl P8,
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havi h I i fl [ [ is.f d. Here, the YAG
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second 15 harnpni ¢ by nonlinear optical elenent is processed into the
| i near C%&Ml@ogﬁf qegléqonglygtpéﬁ{m is conducted by the laser annealing shown in Fig. 11,

whereby the crystalline silicon film having the crystal grains of large grain size is formed.
Here, the YAG laser is used for the laser oscillator. The laser light modulated into the second

15 harmonic by nonlinear optical clement is processed into the linear beam by an optical svstem

and irradiated to the semiconductor film. When the linear beam is irradiated to the

( Semiconductér film, although the overlap ratio can be set from 30 to 98%, the ratio may be set
suitably by the operator because the optimum conditions are differeﬁt according to the state of
the semiconductor film and the wavelength of the laser light,

20 Thus formed the crystailine semiconductor film is patterned into the desired shape to
form the semiconductor layers 402 to 406. In this embodiment, the crystalline silicon film is
patterned by using the photolithography to form the semiconductor layers 402 to 406.

Further, after the forrnati_on of the semiconductor layers 402 to 406, a minute amount

of impurity element (boron or phosphorus) may be doped to control a threshold value of the

25  TFT.




and irradiated to the seniconductor film When the |inear beamisfi% 0£7T 2005
irradiated to the sem conductor film although the overlap ratio can be
set from50 to 98% the ratio may be set suitably by the operator because
the optinmum conditions are different according to the state of the

sem conductor filmand the wavel ength of the laser light. 20 Thus forned
the crvstalline sem conductor filmis gatterned into the desired shape to
formthe seniconductor |ayers 402 to 2498~ In this enbodi nent, the

crystal line ¢ giteonufaiihgnfiire 40pat them fiechet forusi eringtthe sqphiotaluctdn greaph)? tho
formthe sem conductor |ayers 402 to 406. Further, after the formation of
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(boron or phosphorus) may be doped to control a threshold val ue oP the 25
TFT. 0 GVDGHeB00Dr L2@utteAngai@hod1 &b at filkg tfithnds A0 from thes 150mmed If Qhis
covering the sem conductor |ayers 402 to 406. The gate insulating film 407

i s forresbodfmean, the gule ahsulinkitllm QOME &ireBof 8 kllic690x RN trRe B ASAR » théRnegt hod
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~filminto a thickness 5 of 110 nm by a plasnma CVD nethod (conposition ratio
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filmis not limted to the silicon oxynitride film an
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| am nati on structure. Besides, when'the silicon oxide filmis use

be possi bl e tprs FORdPhAYi@n BLidSH %/Qsé@tig%ll%@g%miabqait%ﬁﬁo qe%t l%)ggt hyl
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film can be obtained in the manufactured silicon oxide film thus by subsequent thermal

annealing at 400 to 500°C.

Then, as shown in Fig. 13B, on the gate insulating film 407, a first conductive film 408

15  with a thickness of 20 to 100 nm and a second conductive film 409 with a thickness of 100 to
400 nm are formed and laminated. In this embodiment, the first conductive film 408 of TaN

film with a film thickness of 30 nm and the second conductive film 409 of a W film with a film
thickness of 370 nm are formed into lamination. The TaN film is formed by sputtering with a

Ta target under a nitrogen containing atmosphere. Besides, the W film is formed by the

20 sputtering method with a W target. The W film may be formed by a thermal CVD method
using tungsten hexafluoride (WF,). Whichever method is used, it is necessary to make the
material have low resistance tor use as the gate electrode, and it is preferred that the resistivit;lr

of the W film is set to less than or equal to 20 uQcm. By making the crystal grains large, it is
possible to make the W film have lower resistivity. However, in the case where many impuritv

25  elements such as oxyvgen are contained within the W film, crystallization is inhibited and the




15 with a thickness of 20 to 100 nmand a second conductive film&&o0GiT A0GS
t hi ckness of 100 to 400 nmare forned and lam nated. In this enbodi nent,
the first conductive film408 of TaN filmwith a filmthickness of 30 nm
and the second conductive film409 of a Wfilmwth a film thickness of
370 nmare formed into lam nation. The TaN filmis fornmed by sputtering
wth a Ta target under a nitrogen COﬂ%%I ni ng at nosphere. Besides, the W
filmis formed by the 20 sputtering nethod with a Wtarget. The Wfilm may
be f or retsthyceabecearendiigh@vD Piedréfock, insthizsgerhbinisiean byerahlngomicde EWR(hyY o

Wi chever nethod is used, it is necessary to nake the material have | ow
resi st apeieringr methed asing taéNgartget elikathigipuritgd 9b109bs7RNeT @ hd8dork. hﬁtmkt*ﬂ@
resistivity of the Wfilmis set to less than or equal to 20 52¢m

maki ng suffecian yetsdergiici ©spréang Bapurltiek Svithdo &l dak Bhi@ ARk ®itine tH’é’réh'Jﬁttlflave
| ower resistivity. However, in the case where nany inpurity 25 el | ement’s

such ash@ﬂmemmnenCao[retlanﬂ%dom&ﬁl9notzb@sé%ﬁ tdde GhYRal | I zation is
inhi bited and the 0 5 OCT 2005 -23- resistance becones higher. Therefore,

this enbo faormng t erln net hod using a W
tar get with i!cﬁ?ﬂ{?t plﬁ)rﬁlnf‘ yrhpd gg% rséﬁﬂnqb%“éiﬂ&f’{ﬁb I8 W ¢ gkt and the
sufficient ,con ti 0 rev rities vmthlnthe gas phase from
M Xi ng ? ‘ﬂoefj elorr]ﬁ%}ve?fam {}H} 0?3& i tg‘?tmaéte”raéégl@ttlpt}’itt‘:yl%‘ﬂ lrmpigith Weke, 20
Q@m can be. ized. that in this enbodi nent, the first conductive
o I agatEubey By J?SrﬁPméFﬁioOftdﬁeﬂeI%@ééﬂacte%ﬁraabthﬁzémm qoppianee pisTaade Tof W
but the magerial is partlcularlyI|mtedthereto and either filmmay
be for M‘& %? éc{'h Cer ﬁ@ﬁ{d SEPB ey MAtGiAl R e Grenaynd orserilicagtagfingghe ANOVET |
M, A, Cu, C, and Nd, or an alloy material or a conpound materi al
cont ai ST RS ISSRAIR COBYIEWI Bepidest & Serricandusiert filmu dyiifie@ss aded yerastalline
sem conquctor film typified by a pol ycré%/stal line 10 silicon film doped
wi R aftlicRpdrm Jorsdetishan dmerrifysclgshe ek as phospjiobis, ek de Wed.t Ferthempn
AgPdCu al l oy may be used. Besides, any conbination may be enpl oyed such as
a_ combiMRICHmiloy manearicd. Heesides ony comblinetipw el bk rmipoyE 6 sursichs @ fcotrditasibum
(Ta) and the second conductive filmis fornmed of W a conbination in which
the fi A&Whichribie irst genduictine fibn fsoforraed of tatiatuam{ Trnand threi sdeond conductive Fitm is

formed of W, a combination in which the first conductive film is formed of titanium nitride
(TiN) and the second conductive film is formed of W, a combination in which the First
15 conductive film is formed of tantalum nitride (TaN) and the second conductive tilm is formed
of Al, or a combination in which the first conductive film is formed of tantalum nitride (TaN)

(\_ : and the second conductive film is formed of Cu.

Next, masks 410 to 415 made of resist are formed using a photolithographv method,

and a first etching process is performed in order to form electrodes and wirings. This first

20 etching process is performed with the first and second etching conditions. In this embodiment,
as the first etching conditions, an ICP (inductively coupled plasma) etching method is used. a

gas mixture of CF4, Clo and O is used as an etching gas, the gas tlow rate is set to 25/23/10
scem, and plasma is generated by appl)ting a 500 W RF (13.56 MHz) power to a coil shape

electrode under 1 Pa. A dry etching device with ICP (Model E645-LIICP) produced by




(TiN and the second conductive filmis formed of W a conbi nati Hé 08 T8
the first 15 conductive filmis forned of tantalumnitride (TaN) and the
second conductive filmis formed of A, or a conbination in which the
first conductive filmis forned of tantalumnitride (TaN) and the second
conductive filmis formed of Cu. Next, masks 410 to 415 made of resist are
formed using a photolithography nethod,,, and a first etching process is
performed in order to formel ectrodes &td wirings. This first 20 etching
pr oces Mitsushisn FdectmbdlInahusthiat Ge. Lidr Htusadde@econsh & &iFi (19,56 0AdLT hARS is Wit hi s
enbodi nent, as the first etching conditions, an ICP (inductively coupl ed

pl asmajapplighiortte pefshrad side (USediec@sta8@So RERSEME | ¢ $ iPvol§edIsed
as an etching gas, the gas( flgw rat%@i s set tgg%/)ggﬁi%dqvgégﬁgmgﬁghg?éésma

i s gendrhat Wi fiby Bppkhedngid HO0kM Rich(ik3c&flildR i

el ectrode under 1 Pa. A dry etching glncjagii ce vli\éﬁt% alﬁpc\lgﬁez R/%(Sgﬁrtféﬂ@4éf_f\]{%éﬁ_t

pr oduc edndyetiCETay20R Formzedt inpd @H&*&H%Hﬁg@. ectric Industrial Co. Ltd. is used
here. A 150 WRIF (13.56 MHz) power is also applied to the substrate side
(test piece age) t ffecti.vel |y a negatijve self-bias voltage. The
W f |§|,m is et ?ﬁ?&%aekﬁ ﬁ‘effﬁé‘ fieiHag C%‘fdgﬁ‘?%lf%ewgw @F&Eheéwnﬁw@h@wqﬂégttqnén of
the fi rsth fonducti ge Ia]%/e%]é)i s forned into a tapered shape. 5 Thereafter,
the fi ret"o8t CHNPEBhHEFoHS 8id> 8RR GEFSIsheaikebeased 64d apd Ehilhgsedondit i ons
Wi t hout  r enovi ng t he masks 410 to 415 nade of resist, a mxed gas of CF4
and O °1Ghng gasdhe gasflpw gie isispfogQs0 serm, yukelasmsuis gencsati by enplyiog 30080V scem
and pl i enerated by applying a 500 W R F (13.56 VHz) power to a
icoi | sHdp 35%@%%&@“@%@? Pllpiap elepiepdehyndse f ity i therehy moripon ctcabgufor 30
seconds, A 20 WRIF (13.56 M—Iz:z gower is also applied to the substrate side
(test FOOWiEcwcandige) 200VeRF éb1-54 Mijz)apaveyds iive applidd- hiths swohtmgede Tt W
filmand the TaN filmare both etched on the sane order with the second

et dhi n@lecontige) oredtertivalhp et seebiGiwlage TheBHfiim hod enet P filrh hee it hi ng
time may be increased by approximately 10 to 20% in order to perform

et chi ngtahied B tite wme arder itk torscebied ¢fabiegicnsditiats ingvifith @F, and Cl, are mixed.

Note that, the etching time may be increased by approximately 10 to 20% in order to perform

etching without any residue on the gate insulating film.

In the first etching process, the end portions of the first and second conductive layers
15 are formed to have a tapered shape due to the effect of the bias voltage applied to the substrate

side by adopting masks of resist with a suitable shape. The angle of the tapered portions may be

e,
B '

set to 15° t0 45°. Thus, first shape conductive layers 417 to 422 (first conductive layers 417a to
422a and second conductive layers 417b to 422b) constituted of the first conductive layers and
the second conductive layers are formed by the first etching process. Reference numeral 416
20 denotes a gate insulating film, and regions of the gate insulating film which are not covered by
the first shape conductive layers 417 to 422 are made thinner by approximately 20 to 50 nm by

etching.

Then, a first doping process is performed to add an impurity element for imparting an

n-type conductivity to the semiconductor layer without removing the mask made of resist (Fig.




In the first etching process, the end portions of the first and s&%n@lm 2005
conductive layers 15 are forned to have a tapered shape due to the effect
of the bias voltage applied to the substrate side by adopting nasks of
resist with a suitable shape. The angle of the tapered portions may be set
to 15" to 45'. Thus, first shape conductive layers 417 to 422 (first
conductive layers 417a to 422a and second conductive |layers 417b to 422b)
constituted of the first conductive | aye?s and the second conductive
| ayer s14pk Pepimsdndybe pasried put byt inndpppreomethisd oRef ésreimgeting metiadd. 406 20
denotes a gate insulating film and regions of the gate insulating film
whi ch eemlitgt of deeicadddaping nieehddi issthatshdpsgedndugtlioVerd ayens” 4d- t.qida2 are
made thi nner by approximately 20 to 50 nmby etching. Then, a first doping
pr ocessacdekrgmnfvoliagdistto taddd kel i hpbisictnbodinemenhe d@hgd RN & 10'9,/dai indMhd Ype
conductivity to the sem conductor |ayer w thout renoving the mask made of
resi st aqcklegatiod WIQETisB00E V- 2&8s tht 4bpurifpepiniht FaYmpertBarihd 88y RWondYet @yl ON
dopi ng nethod or an ion injection nethod. The condition of the ion doping
methodan eletnbat which osidggs fosgrdup15L6ht Befodic kB, ty/pdally pRHShBRs {ﬁf&eir?ern?é ion
voltage is 60 to 100 keV. In this enbodinent, the dosage is 1.5 x 101" /cn®
and t heAs)adsaetgraaki gHosydriageuded B, KeYVihidadehehd BRLELVe %k@r'g%t'? 0422
inparting the n-type conductivity, 5 an elenment which belongs to group 15
of thebaehieotiagkd abligs idpRiiga PHOL: r et | s 4sed,
YR G LledeRhas ﬂ%d?@rtl%me q té@%%‘s%l&tw{t@fén%%_}s

and phosphorus is used here.” In this case e con trve lay 0 422

beconecdmreksatod iilplrity Refdnt $06 | EIRNre ff&h]e'ggigat%@if-g%ﬁigg gn@hgrper %ﬁn%ﬁ%’i vity,

:and high concentrati'on inpurity regions or fre ’

| f - all@Ri A Inbi¥eti LR j[.n ) - Hity,
Se a«‘:lb&@ht”ﬂ)_rniﬁﬂﬁﬁ[ng %ngl% Wﬁdgﬁy 0 %@%'&h%é % tﬂe%%inlclto;ge%ﬁﬁog “%)ﬁgt4306 to

conductivity is adde concentration i reg

310 | Nreelifis BOBGEDLA B hOBoA RAORIH rade Xor02P0D 9 1 0H0Fg, M . Ther eafter, a

second etching process is perforne rendovi ng the nmasks nmade of
resist. A mxed %gs of CF4, 2 and 02 may be used as etching gas and the W
filmis sel EUFFHEN2 SCORGAichimgPIeEsDisPeeiormedt witheut raperinz4b8masks maBh ar e
f or ned Py a second etching
of fesist. A mixed gas of CFs, Cly and O; may be used as etching gas and the W film is
selectively ctched. The second conductive layers 428b to 433b are formed by a second etching
process. On the other hand, the first conductive layers 4172 to 422a are hardly etched, and the

15 second conductive layers 428 to 433 are formed.

Next, a second doping process is performed as shown in Fig. 14B without removing

(¢ the masks from resists. The impurity elements which imparts n-tvpe conductivity is doped
under the condition that the dose amount is lower than that of a first doping process with an
acceleration voltage 70 to 120 keV. In this embodiment, the dosage is 1.5 x 10" /cm?, and the

20 acceleration voltage is 90 keV. The second doping process is using a second shaped conductive
layers 428 to 433 as masks, and the impurity elements is doped with a semiconductor layer at

the below of the second coﬁductivc layers 428b to 433b. The second high concentration
impurity regions 423a to 427a and low concentration impurity region 423b o 427b are newl v

formed.




process. On the other hand, the first conductive |ayers 417a to jbﬁa@ﬁ?emmg
hardly etched, and the 15 second conductive |ayers 428 to 433 are forned.
Next, a second doping process is perfornmed as shown in Fig. 14B wi thout
removing the masks fromresists. The inpurity elenments which inparts
n-type conductivity is doped under the condition that the dose anpunt is

| ower than that of a first doping process with an acceleration voltage 70
to 120 keV. In this enbodi nent, the do Qge is 1.5 x 1014/cm, and the 20
accel er at i onNexs| nligrethesm@ks keed/ reriitrecds @eskel 4d0piang 4pHOCERSS réSstigingedlysecond
shaped conductive |layers 428 to 433 as nasks, and the inpurity elenments is
doped furmbd,aingehd thondueting ploasserts pdrfortnze abshown Bf Fibhpis eaanttc€ gRosCS Ve

| ayers 428b to 433b. The second high concentration inpurity regions 423a
to 427andabid id ed eoncadhingghs fhel giP AbitrYteliO 8t @NSHZBRchD af@ fRsAh & HA8WY-d
formed. 0 5 OCT 2005 -26- Next, after the masks are renoved, nmasks 434a and

434b flﬁ;omppljﬁa'g%tS)OaNQ{IF’I@IIQ.S’m\ﬁHHTE@mr&Bg &h%hﬁg%g éégc(tﬁide hLAG PE 9685 thekdhy

performed as shown in Fig. 14C.° A m xed gas o , and Cl2 1s used’as an

et chi NgerBRs, cibhiBg §&SatiolP0 E&bRdd. SAS . mez? MRS ) o 1
genergggd 6; ap%lyi%é a 500 WRF (%%Y@gﬁgg%%pome g?ggggégél hg%g)me

| ect r QEgIMBS - 6 : . i-ng. £ o about. .3 ds. A
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st agg) thi8 sBE QLAY &Y 12%/{3;;@3‘3% %%t}aﬁte g&g—%‘g'bgr%é&lgd FP‘:‘J@I?‘{,”\{ 8% Eh?ﬁi gcélagr?«#z tepiel m

third shape ‘conducti ve ers ne etc
of th TET. an of. the pixel. portian i xel TFT) .
iusi ngel(:l o\%@?%ﬁtﬁ%@%ﬂ 4 %Erpg?@&c@pﬁeé$m%%%gb VQ'x ?mlg ?ettrhlr(ragt PgrPdocftﬁé' masks
fromresists, the_insulating |ayers 439 to 444 are 10 formed, renoving
sel ectivel y 1 ag?refei‘wmgag'ien@aﬂ‘lﬁslfﬁ‘?Mll‘GS@ﬁ,dth@smﬁéattﬂ@ela%f@cﬂ%& ®hédlearc
conductive |ayer 428, 430 and the second shape conductive |ayers 415 to 438
asl%h niesked, mngpving spleciipdy dbsispls jnsulating efiins 4d&r aidedsiopt tha sehiwdd sbiapi ng
processing by newly form ng masks

conductive layer 428, 430 and the second shape conductive layers 435 to 438 as a mask. (Fig.

15A)

Successively, there is carried out a third doping processing by newly forming masks

445a to 445¢ comprising resists. By the third doping processing, there are formed impurity

15 regions 446, 447 added with an impurity element for providing a conductive type reverse to the
above-described one conductive type at semiconductor layers constituting activation layers of
p-channel type TFIs. The impurity regions are formed self-adjustingly by adding the impurity
element providing p-type by using the second conductive layers 435a, 438a as masks against

the impurity element. In this embodiment, the impurity regions 446 and 447 are formed by an

20  ion doping process using diborane (B2He). (Fig. 15B) In the third doping processing, the
semiconductor layers forming n-channel type TFTs are covered by the masks 445a to 445¢
comprising resists. Although the impurity regions 446, 447 are added with phosphorus at
concentrations different from each other by the first doping processing and the second doping

process, in any of the regions, by carrying out the doping processing such that the concentration




1
445a to 445c conprising resists. By the third dopi ng processing, Q%e@g %ﬂgﬁ
formed inpurity 15 regi ons 446, 447 added with an inpurity elenent for
provi ding a conductive type reverse to the above-described one conductive
type at sem conductor |ayers constituting activation |ayers of .p-channel
type TFTs. The inpurity regions are forned self-aqgiusting-ly by adding the
inpurity elenent providing p-type by_%?tng t he second conductive | ayers
435a, 438a as masks against the inpurity element. In this embodi ment, the
i mpur i tof thecigpyinisy glawennier aroviding pitppariatls bya sangl 0f 2 anl (dopiravghr 0@ geru'si ng
di borane (B,H6)- (Fig. 15B) In the third dopi ng processing, the
sem cortluisnpurity agmens foctiinng souckaegiehs indodraififFEgions ef g-oemedtyby THTe amdsks
445a to 445c conprising resists. Although the inpurity regions 446, 447
ar e addedondingly, phgspiiemnus pated. Clanasniniiaidiraas, porfibey ehihe fse@iboaachoolhes by
the first doping processing and the second doping process, in any of the
r egi onsonitituday agtivagoo idyetshef fephmg! PYpRCEEH g Xpodedt hat acdehRlimp@nc@ptrigt i on
0 5 OCT 2005 -27- of the inpurity elenment for providing p-type falls in a
range ochi2ved i JR@ntapE thaghhe dmpudiQleleth&liBhoroh i€ chdyRULHd YhekEl ONs function as
source regions and drain regions of p-channel type TFTs and accordingly,

no problemi 0 . his embodi nent ., portions of .th em. conduct or
| ayers consf?ﬁuﬁﬁﬂguggFégg i°On %@%f%tHF PERHAN R ST ™Y 5@“&&&§”§F%%§x%85ed
and accg@r.di ngl v ere is 5 achieved an advantage that the inpurity
elenenfgfg%?%ﬁ¥b?%§g%§y to add thereto. The inpurity regions are forned at
the respective sem conductor |ayers by the above-described steps. Next, a
ifirst interl dyet 4 fisuindgraygr fnshiaiing filingtofl 65 frethebpyrremovingght heskedis 1445a
to 445c conprising resists. The first interlayer insulating film461l is
f or med 49y c gpmprising aasistrg Thelfirst in@rlhyolinaiatge $ilini4co s fonded by bmnsalatihg Gkness
of 100 through 200 nm by using a plasma CVD process or a sputtering
pr ddes dncliging hilisom adybiskivire e thickness|of ¢06 thoowyghi 200 ingeb f idimg hplus mgCH F ploness
t hi ckness of 150 nmis formed by a plasma CVD process. Naturally, the
first ioraephtgyrmg prossd. dhithig efibbdirdd, a silicon oxynitride film having a film thickness of

150 nm is formed by a plasma CVD process. Naturally, the first interlayer insulating film 461

is not limited to the silicon oxynitride film but other insulating film including silicon may be

used as a single layer or a laminated structure.

15 Next, as shown by Fig. 15C, there is carried out a step of activating the impurity
clements added to the respective semicohductor layers. The activating step is carried out by a
thermal annealing process using a furnace annealing furnace. The thermal annealing process
may be carried out in a nitrogen atmosphere having an oxygen concentration equal to or smaller
than 1 ppm, preferably, equal to or smaller than 0.1 ppm at 400 through 700°C representatively,

20 500 through 550°C and in this embodiment, the activation is carried out by a heat treatment at
5507 for 4 hours. Further, other than the thermal annealing process, a laser annealing process

or a rapid thermal annealing process (RTA process) is applicable.

Further, when the thermal crystallization is also applied, which is using nickel or the

like as a catalyst in the crystallizing step, the impurity regions 423a, 4252, 426a, 446a and 447a




is not limted to the silicon oxynitride filmbut other insulatidy3%Plh 2000
including silicon may be wused as a single layer or a lam nated structure.
15 Next, as shown by Fig. 15C, there is carried out a step of activating
the inmpurity elenents added to the respective sem conductor |ayers. The
activating step is carried out by a thermal annealing process using a
furnace annealing furnace. The thernmal _gnnealing process may be carried
out in a nitrogen atnosphere having an 2 Xygen concentration equal to or

smal | erin viientie paRYiapeRieRrBbhYILd€AURLL ton QN LE - : 00
t hrough 700C representatively, 20 500éthr%ugﬁ 550 C@g%@ﬁgﬁgﬁﬁigggkggﬁﬁnent,

t he actsindaltdneBusl e wadliid &‘ﬂiv@ﬁ%n.%e@efﬁﬁfﬂ%o@é—ﬂ%ﬁﬂg&% rﬁ%{a!l eﬁ%ﬂ%n@s L9 e!ﬁ?rgg e S

Further, other than the thernmal annealing process, annea

Processhe fHova nichbibfed MERARY 8 %:n!i 09195 ERShe LRI, 85&?@3%??1%@8%&?@6%2?”8.

Further, when the thermal crystallization is al'so app

i re § i S0 AP ek I
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teriahy < i trati f phosph ,
eyt any iR b I8 R SRR PRI Pt BABRES S diRad ustmine oned
tal t bove. ent i ] i i d
Total o aonite & el S fheore, Hee ARIE o leb R o Eh oy SR ut 1 ng

a channgl.; ] ion is reduced. According to TFT having the 5 channel
form ng?éfggcﬁ%gb%}g%{?a%aq ea&‘hfeﬁefhi S way, the off current value is reduced,

crystalline 1:performance is excellent and therefore, there is provided high
field effect FHEBED ithey hem dreasment iremt be ehrsiet rdut ppioo pe fditesg clanfibe imehieved.
Further, the heat treatnment may be carried out prior to formng the first

i nt er | a3asfating didmt dlgweyet.iven aoieg enytenv @redais wienk nghamtieksipedfeabrdoicsrrweak
at heat, it is preferable to carry 10 out the activation after fornming the
i nt8r | aykthe] ansiypten afer fdrmirg theuhttliapg hihlminh e (BRGNS MPORBS: inSjor
silicon, for exanple, silicon nitride film for protecting wirings as in
this eppoahangns silicon, for example, silicon nitride film) for protecting wirings as in this

embodiment,

Further, there is carried out a step of hydrogenating the semiconductor layer by

carrying out a heat treatment in an atmosphere including 3 to 100 % of hydrogen at 300 to

15 550°C for 1 through 12 hours. In this embodiment, there is carried out a heat treatment in a

nitrogen atmosphere including about 3 % of hydrogén at 410°C for 1 hour. The step is a step of

( o terminating dangling bond of the semiconductor layer by hydrogen included in the interlayer

insulating film. As other means of hydrogenation, there may be carried out plasma
hydrogenation (using hydrogen excited by plasma).

20 Further, when a laser annealing is used as an activation, it is preferable to irradiate

laser beam of YAG laser or the like after carrying out the hydrogenation.

Next, there is formed a second interlayer insulating film 462 COMprising an inorganic
insulating material or an organic insulating material above the first interlayer insulating film

461. In this embodiment, there is formed a acrylic resin film having film thickness of 1.6 um




Further, there is carried out a step of hydrogenating the sem conglﬁ&m 2005
| ayer by carrying out a heat treatnent in an atnosphere including 3 to 100
% of hydrogen at 300 to 15 5509C for 1 through 12 hours. In this

enbodi ment, there is carried out a heat treatnent in a nitrogen atnosphere

i ncl udi ng about 3 % of hydrogen at 410 C for 1 hour. The step is a step of
term nating dangling bond of the sem conductor |ayer by hydrogen incl uded
in the interlayer insulating film As2ether nmeans of hydrogenation, there

may beasdttered uselih fiphas@g ARYSoagesalo @M ouehNgeRY:H QAONh X6 08T cPYnd .
pl asma). 20 Further, when a |l aser annealing is used as an activation, it is

pr ef er ahthedtvaith proptishLand R&REesh@aRLPhce YAGh@ser or the like after carrying
out the hydrogenation. Next, there is formed a second interlayer insulating

film462 conpri,sing.,an. inorgani,c . insulating nmaterial or an organic
i nsul ati ng ?Qfg dpt ﬁﬁ]bggﬁ/@@gtlﬁé’r‘fl‘?rrtgtpr?‘ﬁ%r&fea BFOT IREBAUQR; RPIFiPMand ggcess n
this enbodinent, there is farned acrylic resin filmhaving filmthickness
of 1.6PEH® %rf'cfé*megé’@ dﬂ%é‘-lf?%‘?ﬁa of %@XF%@IE&MC%W ifPFRIRG W TFCand iegsiet y of
10 to 100% .cg,.lgr eferably, 40 through 200 cp and fornmed with projections
and® r e SEEEELE SimWith projrcHOR ARd E6$SS PORIQNSi8 B EicRre SO inrprdeidemttais Hhevent
the mrror ref|ection, projection and recess portions are forned on the
sur f ac&LUGFINg [FRATBFiREsIGE |y derp@edhe projesiion mgd rerssspubAe Phihsriuapess ol5he
insulating filmw th projection and recess portions on the surface. Al so,
in or délfxe? BleairedesnpiojegHen sediope ray Pedhenetingeions beowythe pixgl plgetrdrs. In
projection and recess portions on the surfaces of the pixel electrodes,
ipr o] ecthipagsopstricaribe maye mhotaomassds iused éyitlon oryetiowot ke piflel thel pojacodes. | n
‘this case, since the sane photomask is used in the formation of the TFTs,
t he pr 8peEns 6an bpsenmednsitloan idyecas mugrtbel nwinbbrooft processasa Natg tah ehenprofretionf
processes. Note that the projection 10 portion may be suitably provided in
t hé0 pi peitioponay kasuitellypnowsakiptthd pixelt foetion reighgs xeepd fdrhie Thingspad thieNFDN t he
substrate. Thus, the projection and recess portions are fornmed on the
sur f acesrtvh ontthesylisiele. dhes thopgercabong! tehess poojoas hieddbrraditod @eesa@ebt i ons
formed on the surface of the

the pixel electrodes along the projection and recess portions formed on the surface of the

insulating film covering the projection portion.

Also, a film with the leveled surface may be used as the second interlayer insulating

15 film 462. In this case, the following is preferred. That is, after the formation of the pixel
electrodes, projection and recess portions are formed on the surface with a process using a

- known method such as a sandblast method or an etching method. Thus, since the mirror

reflection is prevented and reflection light is scattered, whiteness is preterably increased.

Then, in a driver circuit 506, wirings 463 to 467 electrically connected with the
20  respective impurity regions are formed. Note that those wirings are formed by patterning a
lamination film of a Ti film with a film thickness of 50 nm and an alloy film (alloy film of Al

and Ti) with a film thickness of 500 nm.

Also, in a pixel portion 507, a pixel electrode 470, a gate wiring +6Y. and a connection

electrode 468 are formed (Fig. 16). By this connection electrode 468, un electrical connection




insulating filmcovering the projection portion. Al so, a fiImvvitgﬁ%T 2005
| evel ed surface may be used as the second interlayer insulating 15 film
462. In this case, the following is preferred. That is, after the formation
of the pixel electrodes, projection and recess portions are fornmed on the
surface with a process using a known nethod such as a sandbl ast method or
an etching nethod. Thus, since the mrraor reflection is prevented and
reflection light is scattered whi t enésd i s preferably increased. Then, in

a dri viestween EmlircéS'@ﬁmg\lﬁlermgﬁorAlﬁﬁertcﬁ tHSimireg tdei hadd3y 160 MeGkehbnwutdy he
20 respective inmpurity regions are forne Note that those wirings are

f or medlabyr 4980 b thie Pk TETaRTaHHol ORIf, bt iRbtridal Uonhidith W tlbed uld Jdna SHfkness
of 50 nmand an alloy film(alloy filmof Al and Ti) with a filmthickness

of 50046tnandAhs QatelelecBodd Sethe pOlel TOM (SR fmed Wlﬁ'ﬁrlesp%lcﬁt%ttﬁ@gﬁef"g (o o@iegﬁhe
wiring 469. and a connection electrode 468 are forned

connecid @BctatAcbhRR8oA G8h B IREELEEInGAb & %’]ﬁfﬁ{] 1T Qa3 %-[tr?cqpé)n ngaé%l and

bet ween a source wiring (lam nation | ayer o e |npur|ty regl on

thes figgh tEé)EEi'x‘ﬁ%ﬁdﬁ%tor|l§9€?ﬁ5§ﬁﬁc}?ﬂgcﬁ&% R %%lof}ggtrb&esft% '?@rq'n{]é‘ Sdem - ode

el ectrical connection betwe e gate wring and t e ga

of theg, a&%r abk Finies. f@rvﬁglﬁwtgn 4 BaRSG! hﬁﬂﬁég% 0@4 {egiec@w eeLr9de. éﬂ m, 2"

electr| al connectlon Wi t rain region el*HT
electr nlconductor { functlons as
one of ect ‘#%QgEo&%ﬂha&ﬂﬁ%%gfgr%lmn"Mton @¥ﬁ§¥a§ Bﬁﬁ%ﬁﬁxt?e igel

deS|reQ_5Q§§ 0rraterlal haV|ng a high reflect|V|ty such as a film
cont ai nr | or Ag as its nmain constituent, or a lamnation filmthereof,
i's used for t he pixel electrode 470. Thus, the driver circuit 506 having a
CMOS ci rcui t Thss Fasdirbypr aincuit S@hizaving a GMOS Oitcuit Brand ba ap nedhanmes [TFIFK) 1502
and an n-channel type TFT 503, and the pixel portion 507 having a pixel
TFO 50andgha-channst AR 98 amép?@ldl tlomnslospe ARTHO3f ardbd povel pheiosdiHe lﬁlubl‘gtd’ ate.
As a result, the active matrix substrate is conpl eted.

pixel TFT 504 and a retaining capacitor 505 can be formed on the same substrate. As a result,

the active matrix substrate is completed.

The n-channel type TFT 501 of the driver circuit 506 has a channel forming region

423¢, a low concentration impurity region (GOLD region) 423b overlapping with the first

15  conductive layer 428a constituting a portion of the gate electrode, and a high concentration
impurity region 423a which functions as the source region or the drain region. The p-channel

( type TFT 502 forming the CMOS circuit by connecting with the n-channel type TFT 501
through an electrode 466 has a channel forming region 446d, an impurity region 446b, 446¢

formed outside the gate electrode, and a high concentration impurity region 446a which

20  functions as the source region or the drain region. The n-channel type TFT 303 has a channel
forming region 425c, a low concentration impurity region 425b (GOLD region) overlapping

with the first conductive layer 430a comprising a part of the gate electrode, and a high

concentration impurity region 423a which functions as the source region or the drain region.




The n-channel type TFT 501 of the driver circuit 506 has a channd) 5f 8CHi 2§
region 423c, a |low concentration inpurity region (GOLD region) 423b
overlapping with the first 15 conductive |ayer 428a constituting a portion
of the gate electrode, and a high concentration inpurity region 423a which
functions as the source region or the drain region. The p-channel type TFT
502 formng the CMOS circuit by connecting with the n-channel type TFT 501
t hrough an el ectrode 466 has a channel 3tar ni ng regi on 446d, an inpurity

regi on 446b, HaGuxelf THTBOH olthsbike! phrtiogaictudeb e eharRdBforant Beibh @hoc, a low
concentration inpurity region 446a which 20 functions as the source region

or the damatmratiegiimpurifhegitmciTabneD i ¥en) FdrmdQloiage teCh@aNRetrod 0L M
region 425c, a | ow concentrati orrs i npze%?t}/ regi on 42(5bje(CGO_D rleogieoﬁ'@ b

over | apfghgond¥ntrdatiém embifiSt ree PRI N @NES 24302 i 1Y BrPRT 08, the
gate el ectrode. and a |g11?{ regoncentraticclz)n li(?érrle)uri t?FCrgre% Fgﬁ Cﬁz‘%gm\?ﬁir%ﬁ‘% b

functi opsids, tiﬁ?uﬁ@“'éfé?nern%iiﬂﬂalﬂﬁﬁt P—ﬁ}é[?y gi)ﬁ'dJcﬁg\irtf Nire O RePId %gotr’esijgc;]]ﬁv&-rhe

pi xel TFT 504 of the pixel portio udes a channel tormng reg 216¢,

Lo SOU LANGAbESE LR 440 RAGIAMLAO TR LEaL O of BLTES, SULS 8 e

€ SLOTgge capac
gate el ectrode. and ti I'gh concentration | npuri egiron 426g Pactor

functi 03U599rf?cssté’ra%é>&{p%‘éit6re§65qg Qe R él&g{?eg-(% g%elﬁziétgoﬁiggég}g:d{}(iéhéSb)

el ements inparting p-type con IvVity are a

sem co : ctionin S,.0 of, the el ectrodes of the
st or age% gg%ﬁ%einélg%ﬂugggfa@ﬁeﬁgg gor %igj@ ”t‘é‘élﬁé ?%B‘?d%@%ﬁg%&qﬁ’é@?qﬂme er.

el ectrode (a | am nation of 438a and 438b) and the sem conductor |ayers
447a to 447c 1gihsy e He pixed siregtiisg i this pmbadimest, an didkpator pithppidsbelcctFadet her |
in the pixel structure of this enbodinent, an end portion of the pixel

el ect r gadormesl Byorrmnging/it ap namyprrylapt with thessoumeovieink ap thittthe gpebawuerc ene
wiring so that the gap between the io pixel electrodes is shielded from

|i gt vitixed slactradesniy shiclsled dtormbgitiwithoat topg wbkwk afatiishe pi xel portion of the
active matrix substrate manufactured in this enbodinment is showm in Fig.

17. Note thata iyheicwa B tHeefiREISNTBoN WMB A SivanSatHS §fbdQrd AdhGaliBreaPA k]
corresponding Figs. 13 to éL 6%&% dash line A- A" In Fig. ng%:ol}er esponds to
a sect i hIdieRW shown in Fig. 17. Note that, the same reference numerals are used to indicate

parts corresponding Figs. 13 to 16. A dash line A - A’ in Fig. 16 corresponds to a sectional view

taken along the line A - A® in Fig. 17. Also, a dash line B - B’ in Fig. 16 corresponds to a

15  sectional view taken along the line B - B’ in Fig. 17.

Thus formed active matrix substrate has a TFT which is formed by using the
semiconductor film conducted homogeneous annealing. Therefore, enough operating

characteristics and reliability of the active matrix substrate can be obtained.

This embodiment can be performed by freely combining with Embodiments 1 to 2.

20

[Embodiment 4]

In this embodiment, a manufacturing process of a reflection type liquid crystal display
device from the active matrix substrate manutactured in accordance with Embodiment 3 witl be

described hereinbelow. Fig. 18 is used for an explanation thereof.




taken along the line A- A in Fig. 17. Also, a dash line B - B ﬁi%%]rgzﬂ%
corresponds to a 15 sectional view taken along the line B- B in Fig. 17.
Thus forned active matrix substrate has a TFT which is formed by using the
sem conductor film conducted honogeneous anneal i ng. Therefore, enough
operating characteristics and reliability of the active matrix substrate
can be obtained. This enbodi nent can b% performed by freely conbining with
Enbodi ments 1 to 2. 20 [ Enbodi nent 4] € this enbodi ment, a manufacturing
process of aFirgf Inectodandeypieh Em@udﬁh@ﬂ%ﬂkud& ﬁﬁlr@é&ub%){k & ita@%&@ﬁ 1@‘3“ ve
matri x substrate manufactured in accordance wi th Enbodinent 3 w |

descri bgyl Heiseotnetd)vundFihgreati&, iag UBamhchORIABEXR! @BAAL] 8P hhereaf oCcT
2005 -32- First, in accordance V\nthfggnbodllmant 3l an act |vte n%m md@rié

subst r sitBtrare o Pig at7e aslewdni the bixg] cRdrdf Ot %{d"ﬁqw]@&gd ey ﬁﬂjfnﬁr? Eroc&n

alignment film567 is formed on the active matrix substrate of° 17, at

| east owid et Bi X&) cnfdoREhEQIG 18t Qne ARalioh SHAL SELAL.K 9y 40! TRGRTIAL T | |

Not e t hat, inthis enbodi nent, before t |ono hé & lfllm

5675 anfpAS8neSy dad BbtwrcB t ubstrates is forned
at a desired ngos%?é on by pgﬂsgﬂr)ﬁa% lgrfgﬁlgercg%n%{\?g{hﬁd Oqst é% PEHC3E 81T ¢

resin bigafic ey §de8ras aﬁ@gﬂlc9%1n ?iﬁ)lﬁcq{u?tﬁl ]Fenca ?ptd%:eergkgndag on & pt(?erﬁg)(gp ng%m

surface of the substrat ace of urma

Opposi Bigirs YWShde Arehed8Bsirat red layers 570 571 and a
leveling filmb73 are ?or?rg{&g&r e I&g%’él?rn@‘ SUBStrate 569. The red-col ored

| ayer 570 and the 10 bl ue-col ored Iayer 572 are partially overlapped with
each ot her, Np¥r @pyppesing ngbsiratd §hQ is phipetedi NGheoslibiedniaydNetEF0r Bat ,antihe
red- col or ed | ayer and a green-colored |ayer are partially overlapped with
each oteneling filyes ehyre fommdrp the bpupisingstubsiaaé HE. Phiet e dolokéd labiérss 7@NR@dhdrent ,
the substrate shown in Enbodinent 3 is used. Accordingly, in
10 blue-colored layer 572 are partially overlapped with each other, thereby forming a light
shielding portion. Note that, the red-colored layer and a green-colored layer are partially

overlapped with each other, thereby forming a light shielding portion.

In this embodiment, the substrate shown in Embodiment 3 is used. Accordingly, in

Fig. 17 showing a top view of the pixel portion in accordance with Embodiment 3, light

15 shielding must be performed at least gaps between the gate wiring 469 and the pixel electrodes
470, a gap between the gate wiring 469 and the connection electrode 468. and a gap between the
connection electrode 468 and the pixel electrode 470. In this embodiment, the opposing
substrate and the active matrix substrate are stuck so that the light shielding portions from

laminated layer of colored layer cach other overlap with the positions which need to be shielded

20 from light.

Like this, without using a black mask, the gaps between the respective pixels are
shielded from light by the light shielding portion. As a result. the reduction of the

manufacturing steps can be attained.




Fig. 17 showing a top view of the pixel portion in accordance Wi § 00T 2005
Enbodi nent 3, light 15 shielding nust be perfornmed at | east gaps between
the gate wiring 469 and the pixel electrodes 470, a gap between the gate
wiring 469 and the connection el ectrode 468. and a gap between the
connection el ectrode 468 and the pixel electrode 470. In this enbodi nent,
the opposing substrate and the active matri x substrate are stuck so that
the light shielding portions from |am3¥ated | ayer of colored | ayer each

ot her over | aNew the ¢ppesipgsidcirons SMifom neegatear badabingl G8dis RnEd afMmuhd ght .
Li ke this, without using a black nmask, the gaps between the respective

pi xel sleaeléng Shi 873 edichstam the givel pytibMeThd Ghtnnkht 8165 MGoR HeldnAR: sudiSc@of
result, the reduction of the manufacturing steps can be attained. 0 5

2005 -ﬂﬁ{mbbxhgsMﬁ&a@p@ﬂ$ﬁﬂ@bBﬁ%$ﬁ&ﬁ@ﬁm?%ﬁbﬁﬁ&ﬁ1transparent conductive film
-is formed on the leveling filmb573, at least on the pixel portion. The

al i gnnment fit€1574 on the entigﬁ surface of the opposing substrate and the
rubbi ng proceS€h i 35V FHEY SUTHER oAvHeh pudxdatariian gehatdrivce coauivaiech a
pi xel portion and a driver circuit are 5 fornmed is stuck with the opposing
subst r SEEegys siu ‘éﬂ‘ilﬂzf CRPERINE SEirafebyt hecakisangany e ehit the 6@ ing agént 1568, 4 s

m xed, .and the fwo substrates are stuck with each other while keeping a

uni f or ﬂﬁ@fdb”ﬂvd’ pRbthefya subgmLes gresstaghy wish eaph @than evhdle lkeemag 2 spifeer gap by
Thereafter, a liquid crystal material 575 is injected between both the
subst r Reefechol s flen atdetherelumms spageas Toempftet olliguby cantabnoapsUbants  ( not
illustrated). A known liquid crystal material nmay be used as the liquid
cryst amﬁ‘r%ftdé?qt\a?ené:’mb thegulrtitases to hecapeflite thd swhsttapgrecommettly byranshedpsdiaspl ay
device shown in Fig. 18 is conpleted. Then, if necessary, the active

mat r i x(notbbsiraied). gk knaven bppdsivatl subsiat mbpbevyedbe theaiquétcristhlonalesalrsed.
shapes. Further, a polarizing plate is adhered to only the opposing

subst r Bkus, (heoellpdtionsypatiedy crysThdisplaynieFRE shewaithBige ds isdongpl&cknTen, if
techni que. Thus forned liquid crystal display device have a TFT which is

f or medndsyssasy, e abiéve matrix substrate or the opposing substrate may be parted into desired

shapes. Further, a polarizing plate is adhered to only the opposing substrate (not illustrated).

Then, an FPC is adhered using a known technique.

Thus formed liquid .crystal display device have a TFT which is formed by using the
15 semiconductor film conducted homogencous annealing. Therefore, enough operating
characteristics and reliability of the above-mentioned liquid crystal display device can be

obtained. Such liquid crystal display device can be used as a display portion of various

electronic device.

This embodiment can be combined with Embodiments 1 and 3 freely.
20

[Embodiment 5]

In this embodiment, the example of manufacturing the light-emitting device by using
manufacturing method of TFT when forming the active matrix substrate shown in Embodiment

3 is described. In this specification, the light-emitting device is a generic name which is a




15 semi conductor film conducted honpbgeneous anneal i ng. Thereforefl e 012085
operating characteristics and reliability of the above-nentioned |liquid
crystal display device can be obtained. Such liquid crystal display device
can be used as a display portion of various electronic device. This

enbodi nent can be conbined with Enbodinments | and 3 freelv. | 20

[ Embodi ment 5] In thi-s enbodi nent, the exanple of manufacturing the
li.-ht-emtting device by using nanuFé@rUring met hod of TFT when form ng

t he actdisplayrhanel onckgingtthalightshoting eterferb ddiween the sabstfutEQECRHE BO&r ok ddli S
specification, the light-emtting device is a generic name which is a
050CT2606 thadispldy spbdyle panetedemolutigngn (O enl thghlispklyi p4deng TaL epBALLAGHLWEEN
the substrate and the cover material and the displ'ay nodul e mounted =~ -
nmount i elpmomt h@ ohighthenidigplagyr anéling I 6rdah @ don®Buhd G ri.@ WaBNn RS2
light-emtting | ayer containing an organic conpound material which can

obt ai n thet diectel lentineBcdndaigBRI LA 18ERE KRR LAY FiAd dhD Qn&d%qa)f‘ér &&d fleCafnlogl d,
t he anode | ayer and the cathode 5 layer. Further, in the lum nescence in an

or gani tayennpotig, irt e [hkH-FRIEENCH bichMel@EHBIEE thd G .09
fromthe state of singlet exciton togt he bgg)i C s’ttate ah%lqc%qugﬁteg%ééggnce

( phos phightysvHeh @bu}nind @i nd ﬁfehé'fdl% BYsihgeMm {di8n $4 ﬁ{eeoafgifc. stdid 9&{&1}3??@?&69&[& o the

basic state. Either or bot um nescence are cont ai ned. i n this

nbodi €1 b€ rdth@te 88hthd | . . il Ther 50
enbodi (Eitsphdrieli Y MRLR rdch@its §5htihd E\gtgeo‘ﬂ let é(cgglt: ltcpﬁ:llglbg%# _sga?ey ff:gllﬁlﬁeé F ayer

formed between the anode and the cat hode. e organic en
I s spesgbihilGRidedcdiac hitdionthifdye 1 ght-emtting layer, the hole injection

{layer, the electron injection |ayer, the hole transport |ayer and the
el ectron transport layer. Basically, the light-enmitting el enent have a
struct ure whFeHhsrs i §s tambodimersy theher samio dight-apéting tineer | i glafinahvil tiipgs | ayer
and the cat hode | ayer
10 formed between the anode and the cathode. The organic light-emitting layer is specifically
including the light-emitting layer, the hole injection layer, the electron injection layer, the hole
transport layer and the electron transport layer. Basically, the light-emitting element have a
structure which is constructed by the anode layer, the light-emitting layer and the cathode layer
sequentially. Additionally, the light-emitting layer may have following two structures. The
15 first structure is constructed sequentially by the anode layer, the hole injection layer, the
light-emitting layer and the cathode layer. The second structure is sequentially constructed by

{ - the anode layer, the hole injection layer, the light-emitting layer, the electron injection layer and

the cathode layer.

Fig. 19 is a cross-sectional view of the light-emitting device of the present invention. -
20  InFig. 19, a switching TFT 603 provided on a substrate 700 is formed using the n-channel type

TFT 503 of Fig. 19. Thus, this structure may be refetred to the description of the n-channel type

TET 503.

Note that, in this embodiment, a double gate structure in which two channel formin g

regions are formed is used. However, a single gate structure in which one channel forming




sequentially. Additionally, the light-emtting layer may have folfl gwyipg 2%@
structures. The 15 first structure is constructed sequentially by the anode
| ayer, the hole injection layer, the light-emtting |ayer and the cathode
| ayer. The second structure is sequentially constructed by the anode
| ayer, the hole injection layer, the light-emtting | ayer, the electron
injection |layer and the cathode layer. Fig. 19 is a cross-sectional view
of the light-emtting device of the pr85ent invention. 20 In Fig. 19, a
swi t ¢hrapipril FoiRdl, pr oviiple gaentacsub it Whick (0O ch:BinEIqb MR gusiings: ifhgopn&hannel
type TFT 503 of Fig. 19. Thus, this structure may be referred to the
descri ptayde uveéd.t he n-channel type TFT 503. Note that, in this enbodi nent,
a double gate structure in which two channel formng regions are forned is
used. However, ,a single gate strycture in_which one channel formng 0 5 OCT
2005 -35- refi GVF SIFGF HEB’,“? rOrht r%UEWPgZ\@%IszPFIH@{ bHieS He WMhcraneef
channel_, f 1ng regions are forned may be used. A driver circuit provided
on the %Eéﬂfg?se thipatrycture payehs TGETIRY 1@ Hie demoptiony el nhantel gpe 9T Thys,
this structure nmay be referred to the descriptions of the n-channel type
TFT 508n¢ tgrpichanachiyen dhideb03 yPetetthat, spthis R@B@dlﬂﬁia&z thg §inglpigstectiistireent |
the single gate structure is used. However, the double gate structure or
the trPplde Pga’r@estthmquhl@eg%wwt@@ o éheugiple. gam Brctugd manglso PO tseand 703
function as a source wiring of the CMOS circuit, a wring 702 functions as
a drain wring -enf BN j - ¥yl .ar..el eetrically
connecti ng aggggfhlrag%@% 1(%1?5\3”77{()%@\9\? %%ﬁ;@g %3?%8%8?8%%6“{19% Cfér\(lem[lgtt’c ?ﬁ‘gﬁl’FT. A
W Ting i i.Lidng, for. el i i drain
W r1 g Jos koY Ah SR iR (kDN REnEBE KGRl s ERIREE KR AR
current.s : I EJ. IS I usi.ng t - nnel-type TET 5 of
boSRRRAL S sRfed e oo HE GRS S RETRE I B SHDST% e

Fig. 1 structure may reférre pti
P- ?@anﬁﬁ'!ctig%ofs z;r &/Trir?goé'r electrically connecting a drain wiring 709 with a drain region of the

switching TFT.

Note that, a current-controlled TFT 604 is formed using the p-channel type TFT 302 of
Fig. 19. Thus, this structure may be referred to the descriptions of the p-channel type TFT 502.
Note that, in this embodiment, the single gate structure is used. However, the double gate

15 structure or the triple gate structure may be used.

0 ' Also, a wiring 706 is a source wiring (corresponding to a current supply line) of the
current-controlled TFT. Reference numeral 707 denotes an electrode which is electrically
connected with a pixel clectrode 710 by overlapping with the pixel electrode 710 of the

current-controlled TFT.

20 Note that, reference numeral 710 denotes the pixel electrode (anode of a light-emitting
element) made from a transparent conductive film. As the transparent conductive film, a
compound of indium oxide and tin oxide. a compound of indium oxide and zinc oxide. zinc
oxide, tin oxide, or indium oxide can be used. Also, the transparent conductive tilm to which

gallium is added may be used. T_he pixel electrode 710 is formed on a level interlaver insulating




Note that, in this enbodiment, the single gate structure is usedl TGN 2005
the double gate 15 structure or the triple gate structure nay be used.
Also, awiring 706 is a source wiring (corresponding to a current supply
line) of the <current-controlled TFT. Reference nunmeral 707 denotes an

el ectrode which is electrically connected with a pixel electrode 710 by
overlapping with the pixel electrode 710 of the current-controlled TFT. 20
Note that, reference nuneral 710 denotés the pixel electrode (anode of a

| i ght - 8lmt7itil gforethefematiomad éhefabone eviringan Spaientbaibmeic ttis/esr§ ihporeds td he
transparent conductive film a conpound of indiumoxide and tin oxide. a
conpouhdtebd stiepdi e 50 denathe 12doliag Gtindd1 BAdRGE révih.d8inct bMig@KE@Riin®lavendi um
oxi de can be used. Also, the transparent conductive filmto which™ gallium

i s addédnrdyatbeisesadmeThRinpineed iseheedst odhere/ihOuttisichl FRGnRing deB¥gliue o
interlayer insulating O 5 OCT 2005 -36- film 711 before the formation of

t he abcheastepl. ITHgSin obder tdosmeRDREH: BB ting 14vek 8 BEYs FHRQ‘HE,@WS dkQred!tRY&he @
step in the TFT using the |leveling fl|ﬁ1%&1 made of resin. Since a

| ght - ep G leD@led BYBFe the esriiREoh Bt B piskl GkLLSIERIY. thin, there is the case
where insufficient light-emtting occurs due to the step. Thus, in order

to formthe Ii%ht-enjttin | ayer as |evel as possible, it is desired that
the 5 step i &fFEHE Waings 8 & YRk ardermed, orbaok HRGS pirget aglsbewn orlEig 16,

After the wirings 701 to 707 are forned, a bank 712 is forned as shown in
Fig. 19he bade/ Igdny berformed byeatiestingan pulsting Blom it adhickmesa bt Gthig 40DInm wi t h
a thickness of 100 to 400 nm containing silicon or an organic resin film
Not e t RRRtainkigfdliconys apgrganicrresindilan i nsul ating film it is necessary to pay
attention to a 10 dielectric breakdown of an elenent in the film

formation. | Rotdthgt, ¢ H@Q&E%ﬁﬂ%& 7 ?iscﬁrigﬁgatﬁlgﬁlhglit% Réceﬂ X ag,@%);%ﬁgp%géi&b £4S

added to the insulating fi Ichis erral of t reduce

a 14 eshRtdetid Meak-ﬁlagl?’q[f %g ef%'n%ﬁ%irn(?ﬁé fifn %rﬁ%ﬁbﬁ.rlﬁﬂfeﬁg ﬁf&ﬁg 1H%91E%Sc§%%n r[(;alaige/[{(%de an

addi ti onal anount carbon particle or article

controj} éaﬁlle%'ljﬁghﬁsﬁ% a(ic{ég té ﬁ‘r%iiﬁstuila\ﬂ-n@fﬂf—n%vl‘?icﬁ(isjaolgatgr?al]Of the bank 712 to reduce a

resistivity. Thus, an electrostatic occurrence is suppressed. Here, an additional amount of the
carbon particle or the metal particle may be controlled such that the resistivity is 1 x 10° to 1 x

10'? Qm (preferably, 1 x 10°10 1 x 10'° Qm).

15 An EL layer 713 is formed on the pixel electrode 710. Note that, only one pixel is
shown in Fig. 19. However, in this embodiment, the light-emitting layers are formed
corresponding to respective colors of R (red), G (green), and B (blue). Also, in this
embodiment, a low molecular organic light-emitting material is formed by an evaporation
method. Concretely, copper phthalocyanine (CuPc) film with a thickness of 20 nm is provided

20 as a hole injection layer, and a tris-8-quinolinolate aluminum complex (Alg:) film with a
thickness of 70 nm is provided thereon as a light-emitting layer. Thus. a lamination structure of
those films is formed. A light-emitting color can be controlled by adding a fluorochrome such

as quinacridon, perylene, or DCM1 to Algs.




1012 Q m(preferably, 1 x 108 to 1 x 1010 S2 n). 15 An EL layer 03 Q8T 2085
formed on the pixel electrode 710. Note that, only one pixel is shown in
Fig. 19. However, in this enbodinment, the light-emtting |ayers are forned
corresponding to respective colors of R (red), G (green), and B (bl ue).
Also, in this enbodinent, a |ow nolecular organic light-emtting materi al
is formed by an evaporation nethod. Copcretely, copper phthal ocyanine
(CuPc) filmw.th a thickness of 20 nmi's provided 20 as a hole injection

| ayer, and a Y9 <ha. thgiabere seamaple iaoosicnample @fpherrgapicgipht-tinlimngin e dal

t hi ckness. of 70 nmis provided thereon as a light-emtting |layer. Thus, a

| ani natVRh sep (et wied a5fthetlightemfitingdaye, fod ned. unhckisghy -t tinitgd aolipfs can
be controlled by adding a tluorochrome such as quinacridon, perylene, or
DCML t ¢XamgEe: % lehrem@tise 14/e: (InNotrdot drasing tinht @beviearekanplier thndRGcemanp! e
of the organic light-emtting nmaterial which can be used as the

| i ght - exmittinignef lighylemay dedorted by frevbcessbinihgt e bighl-tmittigd 1dyer bk & chéxanpl e.
The light-emtting layer (layer for causing light to emt and a carrier to
nové foransipret laynt vt brdpak injeghidn layey. Fer beampld, By i eabydis@ADLNhOLH e
light-emtting |ayer and a charge 5 transport |ayer or a charge injection

| ayer. cdkemplkxthapihe, lownmbhicslaeohadicRiicndlinBaHeBrifiNg useXaaidHhakitie | ow
mol ecul ar organic light-emitting material is used as the |light-emttiHg

| ayer ilsyes fxoshoywnaa pollyynize bre@h@aihe-chi@hf nffrla Hag bEBisukal. ARY, ﬁgnéﬁgﬁﬁcused-
Al so, an inorganic material such as silicon carbide can be used as the

char ge rhatedtd pacH aslsdlj@i cabidd@ntRAEE@ad thk 8RdrbORanshad ¥lyer A P QM. IR &% gl can
ibe used as the organic light-enitting materral and the inorganfc ‘16

mat er i ahyer. ANendwn RaGahedeve/I4dMRAR: §iAMc3ihRBAHGH] lal Md v ded on
the light-enitting layer 713. In the g%s% &t this %ﬁﬁgﬁykghiﬁegﬁgéﬁﬁgy
filin ofmattgn numand lithiumis used as the conductive film O course, a
known MgAg film (alloy filmof magnesium and silver) my he used. As a

cat hode nate&&al, the conductive filmnmade of an el enent which belongs to
group 1 - Next, a cathode 714 made from a conductive film is provided on the light-emitting

layer 713. In the case of this embodiment, an alloy film of aluminum and lithium is used as the
conductive film. Of course, a known MgAg film (alloy film of magnesium and silver) may be
used. As a cathode material, the conductive film made of an element which belongs to group 1

15 or group 2 of the periodic table, or the conductive film to which those elements are added may

be used.

When this cathode 714 is formed, a light-emitting element 715 is completed. Note
that, the light-emitting element 715 completed here represents a diode formed by the pixel

electrode (anode) 710, the light-emitting layer 713, and the cathode 714.

20 It is effective to provide a passivation film 716 so as to completely cover the
light-emit_ting element 715. As the passivation film 716, a single layer of an insulating film
containing a carbon film, a silicon nitride film, or silicon oxynitride film. or a lamination laver

of a combination with the insulating film is used.




15 or group 2 of the periodic table, or the conductive filmto wmgghutqozﬁﬁ
el enents are added may be used. When this cathode 714 is fornmed,” a
light-emtting elenent 715 is conpleted. Note that, the light-emtting
el ement 715 conpleted here represents a diode fornmed by the pixe
el ectrode (anode) 710, the light-emtting |layer 713, and the cathode 714.
20 It is effective to provide a passivation film 716 so as to conpletely
cover the light-emtting element 715.-3& the passivation film716, a
si ngl e | ayer F&fre.dhisi mrsfekrad ithey affilimwitk engoai kbngage B aksbdms i lpisidtishlfilgon
nitride film or silicon oxynitride film or a lam nation laver of a
conbi nanil éirs wifedtive e usertbebabomglr,iih pritieulas @ HLOG LEHdA0QZarbd8) Filder Sinckt 1S
preferred that a filmw th a good coverage is used as the passivation film
and it thsDéfffdot ¢andbetformiabintahrengaithatorhi hfiperbfird@r 1DEU! i 2fandeaGl hraepnd
i ke carbon) film Since the DLC filmcan be forned in a range ‘of a room
t enper aver thetlipghiof@ting tayean1 Devidasiowy hdaieiiancoV isd, Rghck ighb1 enfiftt .h%a layer
713 with a | ow heat-resistance. Also, since the DLCfilmhas a 5 hig
bl oski mggtebloekingagfedonsigaiaiy @6en.! the SAdArhi anuehiidiendikgPtiafm 111 ag, Layer
713 can be suppressed. Thus, the oxidation of the light-emtting layer 713
duri ng stftgedsel| QWuBAhs @@ldalibn oPIHRAGSS- j 582! 1 ng
menber %%g is provided on the pass%%gfﬁggngﬁpﬁf?¥gghgﬁ%ﬂgﬁgﬁggh¥%%vg§§
nenberpﬁigghﬁmaﬁqgéﬁgu&p the sealing nmenber 717. Utraviolet Iight cured
resin may be 10 used as the sealing nenber 717, and it is effective to
provi de a na%eBLaI having a hygroscopic effect or a material having an
oxi dati on i nhPBPES GricaliteecmbRE T HE is moyisied jon thhipgssévbionlifitent 16, andwhdrer i n
whi ch a carbon film (preferably, a dianmond carbon like filn) is forned on
both S§BY¥dRERbGT7184s adhesed wibssselingmembgualt ZUkabstgtdight cwred eesipl msy be
substrate (including a plastic filn) 1is used as the cover nenber 718. 15
Thd€, &s¢d gribe sealingimembrsvildeansffit ishdlfestivaiotpreddas nsfvoiuh hivingi dygiBcomsc
conpl eted. Note - _

effect or a material having an oxidation inhibition effect inside. Also, in this embodiment, a

member in which a carbon film (preferably, a diamond carbon like film) is formed on both

surfaces of, a glass substrate, a quartz substrate, or a plastic substrate (including a plastic film)

'is used as the cover member 718.

15 Thus, a light-emitting device of the structure as shown in Fig. 19 is completed. Note

that, after the formation of the bank 712, it is effective to successively perform the processes

/ .

until the formation of the passiiration film 716 using a film formation apparatus of a multi
chamber system (or an inline system) without exposing to air. Further, processes until the

adhesion of the cover member 718 can be successively performed without exposing to air.

20 Thus, n-channel TFTs 601 and 602, a switching TFT (n-channel TFT) 603, and a
current control TFT (n-channel TFT) 604 are formed on the insulator 501 in which a plastic
substrate is formed as a base. The number of masks required in the manufacturing process until

now is less than that required in a general active matrix light-em_itting device.




that, after the formation of the bank 712, it is effective to succhk&s(gE 2005
performthe processes until the formation of the passivation film 716
using a filmformation apparatus of a nulti chanber system (or an inline
systen) w thout exposing to air. Further, processes until the adhesion of
the cover nmenber 718 can be successively perforned w thout exposing to air.
20 Thus, n-channel TFTs 601 and 602, a switching TFT (n-channel TFT) 603,
and a current control TFT (n-channel P 604 are formed on the insul ator
501 i n whi chTRatpk.agt i GanuSaeed b S:. Q. €. unber  of. masks
required in the nanufacturindkgkgggfgﬁﬁﬁti ngaf%§®f3?§nﬁﬁ§ﬁﬂgﬂggs#%ﬁuired
in a genebdmasbl YRIIBJ i = em It i 5 2005 -39- That is,

t he nanufacturingyproceggég%h?ﬁépg@%%ﬁP@QPgﬁééﬁ%tg%h%?%ggg:; and thus the

i nprovenment of yield and the reduction of a manufacturing cost can be

real i zed. FuFWHES, asadeserales wsbeg) Figs i1gwiipw thelinpuvite regidns avepappetlywite gicons
overlapped with the gate electrode through the insulating filmare

provi ot CERE0ds- Brghdhe injplatimgfilhaw pryvidet @b nSchresil strarfF Bbaiinst hdte
deterioration due to a hot carrier effect can be forned. Thus, the

| i ght -TéRSHERT agaigevihe edaigpridrativryidue gbi et ictiyiec afifebie careak i foaded. | MTHYA] $he
enbodi ment, only the structures of the pixel portion and the driver circuit
are shguremilpgalgeice withdogreligbilvy tévebemalidedct uri ng process of this

enbodi ment, logic circuits such as a signal separation circuit, a DA

converter, l.ifl and -correction 10 circuit. can be
further forﬁ@ﬁﬂgﬁ%ﬁﬁgﬂggkb | éﬁﬁ%f%?WE%P%@ﬁ§¥Vggﬂ mB‘WBé?%%?H%é§§BVaEhn be
e . of this t after the sealing

i RN Ol AR o B PRt R e Sest T fin GBr et g ispi
symbol Senab R iMleise e i s PR cobvarr anapbronsoRp Goh hbpr FPERLON

representing th ate after the sealing of the EL elenent, and Fig. 20B
i gl%a c“r“[(}é“s‘ %8&6%8%? f\gfrﬂ%} aR igsame Rt pA la?m@iYg%ndzﬁow.wr%p@@Sé@rc@nﬁﬁm al
801 shqmn

also formed.

A light-emitting device of this embodiment after the sealing (filling) process for
protecting the light-emitting clement will be described using Figs. 20A and 20B. Note that, if

necessary, reference symbols used in Fig. 19 are referred to.

15 Fig. 20A is a top view representing the state after the sealing of the EL element, and

(« Fig. 20B is a cross sectional view along a line A-A’ of Fig. ZOA.. Reference numeral 801 shown
by a dotted line denotes a source side driver circuit, reference numeral 806 denotes a pixel
portion, and reference numeral 807 denotes a gate side driver circuit. Also, reference numeral

901 denotes a cover member, reference numeral 902 denotes a first sealing member, and

20  reference numeral 903 denotes a second sealing member. A sealing member 907 is provided in

the inside surrounded by the first sealing member 902,

Note that, reference numeral 904 denotes a wiring for transmitting signals inputted to
the source side driver circuit 801 and the gate side driver circuit 807. The wiring 904 receives a

video signal and a clock signal from an FPC (flexible printed circuit) 905 as an external input




by a dotted |line denotes a source side driver circuit, ref erenceUrﬁlr%BIZﬂ[ﬁ
806 denotes a pixel portion, and reference nuneral 807 denotes a gate side
driver circuit. Al so, reference nuneral 901 denotes a cover menber,
reference nuneral 902 denotes a first sealing nmenber, and 20 reference
nuneral 903 denotes a second sealing nenber. A sealing menber 907 is
‘provided in the inside surrounded by taﬂ? first sealing nenber 902. Note
that, reference nunmeral 904 denotes a wring for transmtting signals

i nput t éeintinal. tin&igs G0Ac eltleiuge odlyi the FPCiis ghuvin, 8Qlinasddw g boaddq PV BEmdY by er
circuit 807. The wiring 904 receives a Vi deo si gnal and a cl ock signal

f r om anttBEEd (6 texFL.e The lighiednicimecdevick 198fs gRcaRagX! BERALs htRIly BeBnHET
2005 -40 termnal. In Fig. 20A, although only the FPC is shown,” a printed

Wi ri ng bodarod PNt -amistinpedevadet g hed the ligheedttag dhgcd tog@htcﬁ rfhé li‘“l’@gordt‘l?ﬁ{' ce
in this specification includes not only the main body of

| i ght - @WBtis agactleyi ce but also the light-emtting device to V\/m ch the FPC
or the PWBis attached 5 Next, the cross-sectional structure will be
descri bed USI;;\F% . 20B. The gl xel portion 806 and the gate side driver
circuit 807 bt Q?FBEF Hebpna seygeeraide roseribrd asipe Kig- 288r tlhepixgbeortios
formedégBé B@ural ity of pixels each having a current control TFT 604 and a
pi xel apd egateﬁée erwciceia BT ate dpmsdt g wbutniraied 08r diha phebpartion seh eof .

Al so, the gate side driver circuit 807 is formed using the CMOS circuit in
whi ch ahiBOERRNRetuRlipeotTrTels oachdiing eustrahpeitrol I8 FFTandLOpiga2letmde
conbined with each other (see Fig. 14). The pixel electrode 710 functions
as an dABalecaicalineonregied vai the fdragn siomentreofAlde, thebmrksd7didveariecdiodiieid in
both ends of the pixel electrode 710. A light-emtting layer 713 and a

cat hoddormed usingthe M @hcirew intwhigh et ewbmineatype flGTed and atthehaphaleypeTETt r ode
710. The cathode 714 al so functions as a wiring common to all pixels, and

i s 18l ed®OEiarsatdmbingbwith eachcother (séct Figt 9. FPC 905 t hrough t he connecti on
wiring 904. Further, all elenents which are included in the pixel portion

806 and the %%%ifél%?ec%ohg 10 cfﬁﬁc?félné as8 Qr? afo e &P t\ﬁerl%gt emltpmg efement. Also,

banks 712 are formed in both ends of the pixel electrode 710. A light-emitting layer 713 and a

cathode 714 of the light-emitting element are formed on the pixel electrode 710.

The cathode 714 also functions as a wiring common to all pixels, and is electrically
15  connected with the FPC 905 through the connection wiring 904. Further, all elements which
are included in the pixel portion 806 and the gate side driver circuit 807 are covered with the

cathode 714 and a passivation film 716,

Also, the cover member 901 is adhered to the resultant substrate 700 .by the first

sealing member 902. Note that, in order to keep an interval between the cover member 901 and

20  the light-emitting element, a spacer made of a resin film may be provided. Then, the inside of
the first sealing member 902 is filled with a sealing member 907. Note that, it is preferred that
epoXy resin is used as the first sealing member 902 and the sealing member 907. Also, it is

desired that the first sealing member 902 is a material to which moisture and oxygen are not




5 5
cat hode 714 and a passivation film 716. Al so, the cover nenber QdMJiQST 200
adhered to the resultant substrate 700 by the first sealing nenber 902.
Note that, in order to keep an interval between the cover nmenber 901 and 20
the light-emtting elenent, a spacer nmade of a resin filmmy be provided.
Then, the inside of the first sealing nmenber 902 is filled with a sealing
menber 907. Note that, it is preferred,that epoxy resin is used as the
first sealing nmenber 902 and the sealing nenber 907. Also, it is desired

that t baleftﬂatesitasSﬁ@dhiC%%d@ﬁBﬁé.erFu?@igr, iaﬁnaeﬂ?{t}%i@ a ng.}ggﬁéﬂ!‘a&lgﬁig e@@kﬁrgi r%lg?e?iglh

oxygen are not 0 O 2005 -41- penetrated a 0SSl urther, a

mat er i ahviR@vh BgidaLdy hRs i f ri.aly: L0g ¢ oxi dati on
inhibitiongeffect may béﬁggﬁfﬁfﬁgg%FﬁeéﬁgmgggﬁFR%hﬁéﬁﬁﬁﬁ&gdg?‘The seal i ng
menber 907 prgvided to cover the light-emtting el enent also functions as
an adhesi ve f6fS3HR&eRpet W rrovided teeryer thebizhtemitting dlesedtubntusulbss nat e
700. Also, in this 5 enbodinent, FRP (fiberglass-reinforced plastics), PVF
(pol yvamgfihgsiysrforegherig) the coyralngerbard0l torthacesyltin solmrale7@(s edlsas ifthis
material of a plastic substrate 90la conposing the cover nmenber 901. Al so,
af ter emeodigiehiifd diberglessaoinérrcertplogticsPIVE §pagyih Yifusedd) Mylareptlesst@07,
the second sealing nenber 903 is provided to cover side surfaces (exposed
sur f acesjcrplic tarebsawidiasg méteneindicr pASTc substrit &0 e congosathengyeembabe903,
the sane material as that of the first sealing nenber 902 can be used. By
seal i n80t.he light-enitting el enent with the sealing nmenber 907 with the
above structure, the light-emtting el enent can be conpletely shiel ded

fromthe outgide enetration of a sub nce (such.as noi sture or
oxygen) i cigs e g Gt abrr 8T BRRal St emgct 07 o
light-emtting Layer m the outside, .can be prevented, Thus, the.

11 gt - Sapbd A eBTucs Y B gt fodrr Gisid Rytore boRoar o cqmi e trege g
i . t- El@mﬁ)%} %.dﬁvt & gecrc])% %ezﬁin-!g-lzn-?lrem érc9%3: alcfsgﬁlgen(}jatg%/al lzjlss Ith%?o% trllg first sealing

member 902 can be used.

By sealing the light-emitting element with the sealing member 907 with the above
structure, the light-emitting clement can be completely shielded from the outside, and
penetration of a substance (such as moisture or oxygen) which prompts deterioration due to

15  oxidation of the light-emitting layer, from the outside, can be prevented. Thus; the
light-emitting display with high reliability is obtained.

Thus formed light-emitting device have a TFT which is formed by using the
semiconductor film condqcted homogeneous annealing.  Therefore, enough operating
characteristics and reliability of the above-mentioned light-emitting device can be obtained.

20 Suc_:h light-emitting device can be used as a display portion of various electronic devices.

This embodiment can be performed by freely combining with Embodiments 1 to 3.

[Embodiment 6]




sem conductor film conducted honbgeneous anneal i ng. Therefore, edbﬁgBCT 2085
operating characteristics and reliability of the above-nentioned
light-emtting device can be obtained. 20 Such light-emtting device can be
used as a display portion of various electronic devices. This enbodi nent
can be perfornmed by freely conbining with Enbodinents 1 to 3. [Enbodi nent

6] 0 5 OCT 2005 -42- Various sem conductor devices (active matrix type
l'iquid crystal display device, active swtrix type light-emtting device or

active matri ¥Varippe sEGichingdpétay déﬁ\z‘éscea)ctieaﬁn:hﬁxft%ér@ﬁpidbkéry@tﬁphﬂpﬂﬁbﬁaﬁce .
present invention. Specifically, the present ihvention ¢an be enbodied in

el ect r aniic meuipyElighfentningtapRe bRadMve G s 2T &5R5) H&Qc?etr)rics:gr?ﬂ)e feykge 1s
equi prent i

incorporated in a 5 display portion. Such electronic S a Vvideo

caner apyaapgiydig e GREEN dnvehtiBh O] §fkQlcall th@??&eﬂp}ﬁ%xﬁ%nd&&lpi)@g%l%%@@g"e type

di splay), a car navigation system a car steéreo, a persona e’ or a

nmobi | e elekfrofidabudhdne bhiat : i ter,..a nobile tel ephone
or aneelécﬁggﬁi? book).ﬂ%ﬁg§§H§?£?§T%%mggg%ggﬁﬁﬁgﬁéﬁg§ﬁﬁigfpgﬁﬁﬂfﬁHbdof
i t s5exampleorddh.Fi 9. 21A shows a personal conputer which includes a body

2001, an ifmage input portion 2002, a display portion 2003, a keyboard 2004

and the like ' t e. applied to the display portion 2003.
Fig. 21B sho%gagQ¢%ﬂégﬂEg P%gﬂhgtﬁ Wﬁg (GRS b S 16Ty YRS pdr t i on

e
b i RS P L R T
205 LEBRiaL R Sk T st bers g, e gne g Ko e
goggl e type g’igs &llﬁyshvc\{(\]xizscap piergglllalf%%%p%tetgow lehZ ?noc 1icle(:%sl adtix)s yl % Ol?grl; tiringge input
portion 2002, a display portion 2003, a keyboard 2004 and the like. The invention can be
applied to the display portion 2003.
Fig. 21B shows a video camera which includes a body 2101, a display portion 2102, a
sound input portion 2103, operating switches 2104, a battery 2105, an image receiving portion
15 2106 and the like. The inventibn can be applied to the display portion 2102.
Fig. 21C shows a mobile computer which includes a body 2201, a camera portion
: 2202, an image receiving portion 2203, an operating switch 2204, a display portion 2205 and
the like. The invention can be applied to the display portion 2205.
Fig. 21D shows a goggle type display which includes a body 2301, a display portion
20 2302, arm portions 2303 and the like. The invention can be épplied to the display portion 23;02.
Fig. 21E shows a player using a recording medium on which a program is recorded
(hereinafter referred to as the recording medium), and the player includes a body 2401, a

display portion 2402, speaker portions 2403, a recording medium 2404, operating switches

2405 and the like. This player uses a DVD (Digital Versatile Disc), 2 CD and the like as the




20 2302, armportions 2303 and the like. The invention can be appl J€J 2005
the display portion 2302. Fig. 21E shows a player using a recordi ng nedi um
on which a programis recorded (hereinafter referred to as the recording
medi um), and the player includes a body 2401, a display portion 2402,
speaker portions 2403, a recording nmedi um 2404, operating switches 2405
and the |like. This player uses a DVD (Digital Versatile Disc), a CD and the
like as the 0 5 OCT 2005 -43- recordi r@g3vedi um and enables a user to enjoy

nusi ¢, remvdieg md@reSarinchabe ol RELtN&lioy THBic, HAVRRL L.OR.C l.ied,to the
di splay portion 2402. Fig. 21F shomsjgydigg?gﬁ %gh%ggﬂﬁﬁgéﬁgpﬁg ﬁheghs body

2501, anvbnfiph 8y ROAPPION 1 2B AisplAThoBYGPI/BHE portion 2503, operating sw tches
2504, an i mge recé?%ing por%%gﬁq?hot §ﬁ§ﬁm) and 5 the like. The invention

can be appl i et bOFthewdl SAY AL LWMPAORucFL Baa PR iSaNe 8 Lront Lype

proj ect or whi i ncludes a projection device

s, T o8 O NR O Ll B B

ich constitutes a par e projection

dr | yer oid BiGUi s infhon 22803 OWB. 3 13t YPE RYSBEES OF whi ch i ncl udes a body

2701, a projection device a screen 2704 and the
l'i ke, The i t4 lied to the .liquid |. displ devi :
2805 whi ch codetutia s b i Risis oftich s v Kalestion daBcndeas
ot her i i i Fi.g..22C.sho one exanpl.e of the structure of each
of 't he e PR AL Bie. LT BTG D rROUR Erf e FoSPoePRIg ISRGMAS 1

i gs. : h.of th j,ecti devi 15 2601 and 2702 i d
of U2 1 FAf BB s TR it R bt AlirbreTzBorant aponRs06, & |
di chroic mreor ggo% a prism?2807, a liquid crystal display device 2808, a
phase di f f er 6Hc&CSPAYE 2 586 &Y RERICITCISF Bihiskineldesp hasx1 278y s2 piwiezg oD devifie

pr g} ect,) optic ystem 2 is made of ~an optical systemincluding a

pr ?ec{z?@r?l ﬁ‘g%qraigﬁgoﬂisﬁr@ﬁ? gé&} anchihedikgnplte igyensioptes depipatied ta theeljquadit i t

i S not Iinited to, this exanple and may al so be of a single-plate type. In
addi ti BW,Sta display device 2808 which constitutes a part of the projection device 2702 as well as

other driver circuits.

Fig. 22C shows one example of the structure of each of the projection devices 2601
and 2702 which are respectively shown in Figs. 22A and 22B. Each of the projection devices
15 2601 and 2702 is made of a light source optical system 2801, mirrors 2802 and 2804-2806, a
dichroic mirror 2803, a prism 2807, a liquid crystal display device 2808, a phase difference
( plate 2809 and a projection optical system 2810.. The projection optical system 2810 is made of
an optical system including a projection lens. Embodiment 6 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,
20  those who embody the invention may appropriately dispose an optical system such as an optical
lens, a film having-a polarization function, a film for adjusting phase difference or an IR film in

the path indicated by arrows in Fig. 22C.
| Fig. 22D is a view showing one example of the structure of the light source optical
system 2801 shown in Fig. 22C. In Embodiment 6, the light source optical svstem 2801 is

25 made of a reflector 2811, a light source 2812, lens arrays 2813 and 2814. a polarizing




20 those who enbody the invention may appropriately di spose an @gt'gczl 200
system such as an optical lens, a filmhaving a polarization func P &né §
filmfor adjusting phase difference or an IRfilmin the path indicated by
arrows in Fig. 22C. Fig. 22D is a view showi ng one exanple of the structure
of the light source optical system 2801 shown in Fig. 22C. In Enbodi nent
6, the light source optical system280l,js 25 made of a reflector 2811, a
|'i ght source 2812, |ens arrays 2813 and442814, a pol arizing 050CT2005 - 44-
conver SPBYFTEPB M2 @835 and acanhdendars 186s B8L6atal NChIehakdfce Bﬁﬁcéli ght
source optical systemshown in Fig. 22D is one exanple, and the invention
i s not Spsiemishawarih Fig.i22t Bobnt @xhigle, SMOWR ERRASHA M&%m&%w%ﬁ@&! £ pkhose
whose enbody the invention rmay appropriately dispose an optica sysg]em

such ashewn gpnitoatiohenBor exdmglen havd RGoge BRbAAY £t TR EINGELC fidm 5
for adjusting phase difference or an IR film ﬁrhe pr o? ect gjﬁd&s%g\r/\(ﬂjr%dﬁelﬁ gs.

22A t o d2Dsd an oftidaheystenpeudhsdsn@ cdtiEaBsDaeMt ha ¥Re Mharisk Lig L{%
device, but there is not shown a(% exanple in v?/hl}ﬁ%h ﬁdenzl%h\slgrrfénl%glﬁn’i%ﬁ plied

to & rfefddatingphisepeffobn® @GIMRANL] cal device and a |light-emtting device.
Fig. 23A shows a nobile tel ephone which includes a body 2901, a sound

output 10 pambipesied8Phovdn SOHRL 27 2PBIL '58@}?2?%% U{;iﬁ%%: t?zﬁnlg?e}/rq.ﬁgt%%ggm i on

2904, operating sw tches 2905, "an antenna

e bl e sk Ly 0B S L

(el ectronic book) which includes spl ay

3003, acfcahRofe Fedi-iAN% r.ati Wi t.ches 3005, an antenna 3006 and
the like. Theqi%ﬁventei on()%"{é)an1 ngﬂgﬁgﬁiag%,hfgmét Helgg?véfﬁ'ay portions 3002 and

2003 18, argreian, £ AL AW 3 89 A0k 8 ot

At Sguen 2902 P ATEDIER 4t 4P RuaaMioq S iuBa et o apl ay

Prs\r’ie;‘gal?tegﬁaa%%aalnd%ezﬁkequhleQvagn %?Jgscar? E)e ggglﬁed(tg ?k{etdiiscplleiyagolr%/ic’)n gg()tll nehes or

Fig. 23B shows a mobile book (electronic book) which includes body 3001, display
portions 3002 and 3003, a storage medium 3004, operating switches 3003, an antenna 3006 and
the like. The invention can be applied to the display portions 3002 and 3003.

15 Fig. 23C shows a display which includes a body 3101, a support base 3102, a display
portion 3103 and the like. The invention can be applied to the display portion 3103. 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 (particulérly, 30 inches or more).

As is apparent from the foregoing description, the range of applications of the

20 invention is extremely wide, and the invention can be applied to any category of electronic

apparatus.  Electronic apparatus according to the invention can be realized by using a

construction made of a combination of arbitrary ones of Embodiments 1 to 5.

25




As is apparent fromthe foregoing description, the range of applﬂ@aﬁlﬁgngﬂﬂﬁf
the 20 invention is extrenely wde, and the invention can be applied to
any category of electronic apparatus. Electronic apparatus according to
the invention can be realized by using a construction made of a

conbi nation of arbitrary ones of Enbodinents | to 5. 25 0 5 OCT 2005 -45-
According to the invention, by formng a | aser beaminto a |inear shape
during | aser annealing, it is possible‘ﬁé‘inprove t he t hroughput of |aser
anneal i ng, andc¢andiagde theoimyesionuby figming s ddselb&inatgo hasehr Mapehugnahles
easy mai ntenance, it is possible to achieve a greater inprovenment in

t hr oughiyueakingaf is possiide ax irgiroecthwkitrbudtpaes? 1agR eddal B USHNG a@i& 131N
excimer 5 laser. Furthernore, it is possible to reduce the manufacturing

costs of solitkistmdaset ovhiderenailss easicinadiclinEs, ar isl hoisle Gb Yah ke di SRR
devices formed of TFTs. Moreover, by obliquely irradiating a | ase eam

onto a isgmocomht ot throughpm thid cdnse 4d@ESH Wil 1h@r LEMAMEe in Qﬁé’:ﬁﬁir?gre cimer
concentric-circle pattern which is formed on the senfconductor A m

whersebylasdre Forthgeidsé, 66isqfostibR 15 @810 MLGhAIFadi i B ld & selrﬁéo%giu%%@\!i&e@g can
be made 10 uniform By fabricating the sem conduttor device by using Such a

sen‘i cordliel bOTF§ bmiqdiﬂ chytal B%é?a&%@ic&@f&ﬁ@d&‘&@#é‘e performance of the
sem conductor device to a great extent. 0 5 2005 -46 WHAT | S CLAI MED

IS: 1. A et hadrdoér, RbsbiIGREIN SR S50 ) vice conprising: . .
crystallizing a sem f(’:Dg!ndug{ﬁorynf M rglgearcﬂéqgﬁ%‘ﬁ rogfoedbsfmécqq@g(épr Bg’gm”t 5]
obt ai N pEssiBlets k@hbdd & SEH:C o enei.n art of the |aser beam
t ransmg?)s t hrough the rseniecgér%ggéé{t]gé C{ﬂ&lk ﬁ%‘“%ﬂa" hl%%?%rpnwdt%e&’? ACTEERTUCHHgl e 0
sati sf I8, whereby the properties of the semiconductor films after laser annealing can be made

10 uniform. By fabricating the semiconductor device by using such a semiconductor film, it is

possible to improve the performance of the semiconductor device to a great extent.




0 > arctan(w/ (14 x D)), (w= (W + w2) / 2). where w indicated b $EhA00%
width of the | aser beamirradiated onto the sem conductor film w2

i ndicates a beamw dth of the part of the |aser beam at the sem conductor
filmafter reflected by a back surface of the substrate, and D indicates
the thickness of the substrate. 2. A nethod for fabricating a sem conductor
device conprising: formng a sem conggctor filmover a substrate; and
crystallizing a sem conductor filmby a |aser beamto obtain a crystalline
sem conductor film wherein a part of the l'aser beamtransmts through the

sem condu 1 T;IS:S;%AJ%E@VD Ig\[ne_rei n the incident angle O satisfies 0 >

arctan(w / = (w + w2) / 2). where wt indicates a beamw dth
of the | aser beamirradiated onto the sem conductor film w2 indicates a
beam w dth of the part of the |aser beam at the sem conductor filmafter
reflectedlby a?vaeihod ferffakricaipg ¢ semisapducietdsyicapemprisingli cat es the t hi ckness

of the substratfcafiz ol i f._cl ai nd 2,
wherein the | as§’rs aglezén |%%F| negﬁ)gtﬁ(ril)&ls'Vglgaeglam%éugtjre%ﬁceéal?&éﬁe%rt% l(fa%ltni %n pl ane,
and wher ectysniiar semawadectoreiiirgngl e having a | arge aspect ratio from10 to
10000 or an ellipse. 0 5 ﬁ?tﬁg 2005 -47 4. The nmethod according to any one

of claims 1 andhsreikphihg faserbgagytrangmitsthngngh te sericonduqterddm, padim i s
uni formed and (figri PR indERHhhgle bisAGRcsi N shape at or near an irradiation

pl ane.
0 > arctan(w / (14 x D)), (w = (w1 + w3) / 2).
where w) indicates a beam width of the laser beam irradiated onto the
semiconductor film,
wy indicates a beam width of the part of the laser beam at the semiconductor
film after reflected by a back surface of the substrate, and
D indicates the thickness of the substrate.

2. A method for fabricating a semiconductor device comprising:

forming a semiconductor film over a substrate; and

crystallizing a semiconductor film by a laser beam to obtain a crystalline
semiconductor film,

wherein a part of the laser beam transmits through the semiconductor film, and

wherein the incident angle 0 satisfies

8 > arctan(w / (2 x D)), (w = (wy +wy) / 2).

where w; indicates a beam width of the laser beam irradiated onto the
semiconductor film,

w; indicates a beam width of the part of the laser beam at the semiconductor
film afier reflected by a back surface of the substrate, and

D indicates the thickness of the substrate.

3. The method according any one of claims 1 and 2, wherein the laser beam is
linear in shape at or near an irradiation plane, and where linear means a rectangle

having a large aspect ratio from 10 to 10000 or an ellipse.




5. The method according to any one of clainms 1 and 2, wherein an bhe@Gy 2008
distribution of the |aser beamis uniformed by using |long focal |ength
cylindrical lenses at or near an irradiation plane. 6. The nethod
according to any one of clainms 1 and 2, wherein the |aser beamis |inear
in shape. 7. The nmethod according to any one of clains 1 and 2, wherein an
energy distribution of the |aser beagyis unifornmed by using | ong focal

| ength cylindrical |enses and the |aser beamis linear in shape at or near
an irradiation plane. 8. The method according to any one of clains 1 and 2,

wherein the | asgr % h.;of, .350, nm,o, re. 9. The method
accor di ngqf o] af@eoﬁgﬁg? ' a@?%fiﬁ%m@’ gérl?g%gg O\ﬁg?lgfsnl t%g #’aﬁ?m]ﬂle%enﬁ% a

wavel engt distfbAd@ afholaseriseam i$ Qnifdhecdmidn@e 1-Reckadi RYinkdr @ANYagng oof cl ai ns
1 and 2, wherein the |aser beamis the second harnonic of one kind

sel ect ed PFYMNIHadigIMPaBoNsi sting of a YAG laser, a YVO4 |aser, a YLF

| aser, a YAIB |aser, a ruby laser, an alexandrite layer, a Ti: sapphire

| ayer and a glass laser. 11. The nethod according to any one of clains 1
and 2, wher ei n Thhemethodiaceordingt tar afiy lofe adngsinges @il 2,cohereib?an Bherggret hod

according to.any o of. clainse 1 and 2, wherein_the_  sem conductaor device
is incor pgfsgi’ OPn‘%ﬁth@Il@%efr ﬁﬁnclse%fioﬁ??ﬁﬁtbys‘éﬁl%i% focaliensd oylmdegst 2005

- 48 gr oup GRStk nB AfirAdiRSsSHAA. conputer, a video canera, a nobile
conputer, a goggle type display, a player, a digital canera, a front type

projector, a rear type projector, a nobile telephone, a nobile book, and a
di spl ay. %3 ATﬁggthect)lqoc{ a%rcogd%%’ oca%gzlorlllg o?c a?n%'?%gg f: %v (I;refrlle !e(fa%erct?ea I’ilsSI ng-

linear in shape.

7. The method according to any one of claims 1 and 2, wherein an energy
distribution of the laser beam is uniformed by using long focal length cylindrical

lenses and the laser beam is linear in shape at or near an irradiation plane.

8. The method according to any one of claims 1 and 2, wherein the laser beam

has a wavelength of 350 nm or more.

9. The method according to any one of claims 1 and 2, wherein the laser beam

has a wavelength of 400 nm or more.

10.  The method according to any one of claims 1 and 2, wherein the laser beam is
the second harmonic of one kind selected from the group consisting of 2 YAG laser, a
YVO, laser, a YLF laser, a YAIO; laser, a ruby laser, an alexandrite layer, a

Ti:sapphire layer and a glass laser.

11. The method according to any one of claims 1 and 2, wherein the

semiconductor film comprises silicon.

12.  The method according to any ome of claims 1 and 2, wherein the

semiconductor device is incorporated into electronic equipment selected from the



formng a sem conductor filmover a substrate; and irradiating aﬂiurﬁpﬁcéﬂﬂﬁ
the sem conductor filmwth a |aser beamat an incident angle 8, wherein a
part of the |aser beamtransmts through the sem conductor film and
wherein the incident angle 8 satisfies 8 > arctan(w/ (14 x D)), (w = (w, +
w2) / 2), where w, indicates a beamw dth of the | aser beamirradi ated on
the sem conductor film w2 indicatessg.beamw dth of the part of the |aser
beam at the sem conductor filmafter reflected by a back surface of the
substrate, and D indicates the thickness of the substrate. 14. A nethod

for fabri i €0 device cponprising: .formng a sem.conductor
1 m over Ul e S ALbAEREMERP Lot ale s ViR B d o R 6 OBBReE s 0B E o 111 m
with a | asgre diggay,atplayer] NéigttEItamedd) Gl ol ty SO R 22 RAF typ@lordiBiod, @ser beam
transmts thr_ouqh t he senm conductor film ‘wherein the incident angle 8
sat i sfi es iobiledelephoneyp mopie kol gnd g displagw, + w2) / 2), where w, indicates
a beamw dth of the | aser beamirradi ated on the sem conductor film w2

i ndicates a beamw dth of the part of the |aser beamat the sem conductor
film afterl3ref lleoktddify fabhiatingauchiwadadtor dwicewosiptiging: and D i ndi cat es
the thickness qf t.he substr te.f!];la The net hod according to any one of
claims 13 and F¥MIREasERcoRdeig{Emovseasibsakomt uniformin energy

di stribution. %%%%?slu‘rﬁge Bthe LBRITRARAG AGEQLH 2 Mhel BeadD¥ ANfciflntC! a1 M

13 and 14, wherein t aser beam
angle 8,

wherein a part of the laser beam transmits through the semiconductor film, and

wherein the incident angle 6 satisfies

0> arctan(w / (14 x D)), (w=(w| + w2) / 2),

where w; indicates a beam width of the laser beam irradiated on the
semiconductor film, w; indicates a beam width of the part of the laser beam at the
semiconductor film after reflected by a back surface of the substrate, and D indicates

the thickness of the substrate.

14, A method for fabricating a semiconductor device comprising:

forming a semiconductor film over a substrate; and

irradiating a surface of the semicondiictor film with a laser beam at an incident
angle 9,

wherein a part of the laser beam transmits through the semiconductor film,

wherein the incident angle 0 satisfies

0 > arctan(w / (2 x D)), (W= (w1 + wo) / 2),

where w; indicates a beam width of the laser beam irradiated on the
semiconductor film, w; indicates a beam width of the part of the laser beam at the
semiconductor film after reflected by a back surface of the substrate, and D indicates

the thickness of the substrate.

15.  The method according to any one of claims 13 and 14, wherein the laser beam

becomes uniform in energy distribution.



beconmes linear in shape. 17. The method according to any one of 0h HOF 2085
and 14, wherein the | aser beam becones uniformin energy distribution and
| i near in shape. 18. The nmethod according to any one of clainms 13 and 14,
wherein the | aser beam has a wavel ength of 350 nmor nore. 19. The net hod
according to any one of clains 13 and 14, wherein the | aser beam has a
wavel ength of 400 nmor nore. 20. Thegpethod according to any one of clains
13 and 14, wherein the |aser beam is the second harnonic of one kind
selected fromthe group consisting of a YAG laser, a YVO4 |aser, a YLF

, | ' I . i hi
| ayer and o of LG b A3l onERrBETTHG P o MR gRdedt vERR e T

and 14, whecomnas linker inshapeconductor filmis a filmcontaining silicon. 22.
The net hod according to any one of clains 13 and 14, wherein the
sem conductor device is incorporated into el ectronic equi pnent sel ected

fromthe gr OUH“hEFl{E?litlo?iteic@gﬁng&tﬂ aa%ﬁeefll«,laﬁemgﬂut %Yhe&eféﬁalqugz%ga%a mobi | e

conputer, a goggle type ay, player canera, a nt type
proj ect or be@m@amifoypmermgjdasttrxbunomamd)maaeui@hp@hone a nobi |l e book, and a
di splay. 23. A nethod for fabricating a sem conductor device according to
any one of «clains 1, 2, 13 and 14, wherein the |laser beamis irradiated

obl i quel y 1gn ordemédidd &E&’dﬁiﬁttoa&ﬂ ok %f”f:l%igﬁ's 1’@&#1 gtlod@;eteglghﬁqage?%g beam

24. A laser annealing nethod corrp i sing Irradiating a
surface ohasmwevelentitaof 1 nmogetoré.or ned over a substrate with a |aser beam
at an incident angle 8, .

19.  The method according to any one of claims 13 and 14, wherein the laser beam

has a wavelength of 400 nm or more.

20.  The method according to any one of claims 13 and 14, wherein the laser beam
is the second harmonic of one kind selected from the group consisting of a YAG laser,
a YVOy laser, a YLF laser, a YAIO; laser, a ruby laser, an alexandrite layer, a

Ti:sapphire layer and a glass laser.

21.  The method according to any one of claims 13 and 14, wherein the

semiconductor film is a film containing silicon.

22.  The method according to any one of claims 13 and 14, wherein the
semiconductor device is incorporated into electronic equipment selected from the
group consisting of a personal computer, a video camera, a mobile computer, a
goggle type display, a player, a digital camera, a front type projector, a rear type

projector, a mobile telephone, a mobile book, and a display.
23. A method for fabricating a semiconductor device according to any one of
claims 1, 2, 13 and 14, wherein the laser beam is irradiated obliquely in order to

prevent an interfere with a reflected laser beam.

24. A laser annealing method comprising:




wherein a part of the |aser beamtransmts through the irradi ati 8rb t%'fgéﬂﬁ&'
wherein the incident angle 9 satisfies 0> arctan (wWl(14xD)), (w=(w +w2)/2),
where W indicates a beamw dth of the |aser beamirradi ated onto the
irradiation target, w2 indicates a beamw dth of the part of the |aser
beamat the irradiation target after reflected by a back surface of the
substrate, and D indicates the thicknggs of the substrate. 25. A |aser
anneal i ng net hod conprising: irradiating a surface of an irradiation target
formed over a substrate with a |aser beamat an incident angle 9, wherein

a part of the |asgr.beam transmts through t irradiation target,, Wwherein
t he inci dent a%ﬁ(ﬁat@gs%ﬂlri?ciee g graﬂa&ogﬁtﬁgep ??@CQ B 2 SC‘\L%F@“(‘ %flhhav@)/ 2),
where w izei GALES a8 ilkedd wh@dé b, of the | aser beamirradi ated onto the

irradiation target, w2 indicates a beamw dth of the part of the |aser
beam at the i r ™AgTeat f bt phihgdascr bganeiransgtitsdlbnoagh thy imadiaiidn teiget.ace of t he

substrate, andgge}eﬂg{h%g]ﬁcﬁgelﬁgg%{%?/isgtk#e}% s of the substrate. 26. A |aser

anneal i ng neth accor f clains 24 and 25, wherein an
ener gy di stri boti axanfw I {1& X BHefw Beanmwivg,)unj,formed at or near an
irradiation plane. 27. A_laser_annealing nethod according to any one of

cl ai ms 24VAste v5 Indipdeop peamnwidtly of the, dases peam jisedipted pnih Hiseitmdiaipnnear an

irradi ati I . . i Q..: e of
ol aims oa agd BEdicatts aboaRtElanP ARG HO RERON HiclRRb ANk AR, O
uni f or med afierdreflbaed by erbable aurfics off itheesubsirate, Siddp énditaterthaddckmess off thadi at i on.
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25. A laser annealing method comprising:

irradiating a surface of an irradiation target formed over a substrate with a
laser beam at an incident angle 9,

wherein a part of the laser beam transmits through the irradiation target,

wherein the incident angle 6 satisfies

0 > arctan(w / (2 x D)), (W = (w; + w,)/ 2),
where wy indicates a beam width of the laser beam irradiated onto the irradiation
target, w; indicates a beam width of the part of the laser beam at the irradiation target
after reflected by a back surface of the substrate, and D indicates the thickness of the

substrate.

26. A laser annealing method according to any one of claims 24 and 25, wherein

an energy distribution of the laser beam is uniformed at or near an irradiation plane.

27. A laser annealing method according to any one of claims 24 and 25, wherein

the laser beam 1s linear in shape at or near an irradiation plane.

28. A laser annealing method according to any one of claims 24 and 25, wherein
an energy distribution of the laser beam is uniformed and the laser beam is linear in

shape at or near an irradiation.




29. A laser annealing nmethod according to any one of clains 24 ?ﬂgiﬁi
wherein the |aser beam has a wavel ength of 350 nm or nore. 30. I iwzmﬁ
anneal i ng net hod according to any one of clains 24 and 25, wherein the

| aser beam has a wavel ength of 400 nmor nore. 31. A |aser annealing nethod
according to any one of clainms 24 and 25, wherein the |aser beamis the
second harnonic of one kind sel ected.fsjamthe group consisting of a YAG

| aser, a YVO4 laser, a YLF laser, a YALX3 | aser, a ruby laser, an

al exandrite layer, a Ti: sapphire layer and a glass laser. 32. A |laser

i hod ' f _cl ai d,25 [ h
"aser b s it 1 AU PR RingbadhS blF pf o 24Rq AbShReTle with

refl ect ed thd ase el dm a wavelength of 350 nm or more.

30. A laser annealing method according to any one of claims 24 and 25, wherein

the laser beam has a wavelength of 400 nm or more.

31. A laser annealing method according to any one of claims 24 and 25, wherein
the laser beam is the second harmonic of one kind selected from the group consisting
of a YAG laser, a YVOyq laser, a YLF laser, a YAIO; laser, a ruby laser, an alexandrite

layer, a Ti:sapphire layer and a glass laser.

32. A laser annealing method according to any one of claims 24 and 25, wherein
the laser beam is irradiated obliquely in order to prevent an interfere with a reflected

laser beam.




