-1- LASER | RRADI ATI ON METHOD AND LASER. | RRADI ATI ON DEVI CE AND METHOD OF
MANUFACTURI NG SEM CONDUCTOR. DEVI CE BACKGROUND OF THE I NVENTION 1. Field of
the I nvention The present invention relates to a |laser irradiation nethod
and a laser irradiation apparatus for using the nethod (apparatus

including a laser and an optical systemfor guiding | aser beamemtted from
the laser to an object to be irradiatéd). In addition , the present

i nvention r u tur] a__sem conduct or devi ce,

whi oh 1 ol ugee, L TR AR L85  LALER RprBSEAERON SeVEeBnduot or
device describ h Lpclud an el ectro-optical device such as a liquid
cryst al displaéﬂgegﬁggbgobﬁaﬁﬁpgﬁﬁqggﬁﬁﬁq“f RO UCTPRa PEMIEE r oni ¢ devi ce
whi ch includes the electro-optical device as a part. 2. Description of the

Rel ated Art In recent years, a w de study has been made on a technique in
whi ch | aser annealing is perforned for a sem conductor film formed on an

i nsul ati ng substrate nmad AQKG;RW ¥ +'PHEE | TRMEENTEONcrystal | i ze the film

to inprove jts crystallinity so that a crystalline sem conductor filmis
obtaine&r(ﬁlﬁ%pwﬁﬁiREﬁEJQNﬁnt%%%rity element. Note that a crystalline

sem conductor film in this specification indicates a sem conductor filmin
whi ch a crystt®€ P5eserbdingientsiqn sedatesdmiadlasey ickadéatdonens topaluct or -
filmwhich is crystallized as a whole. A nethod of form ng pul se | aser beam
from an MG dssgnisradation apparatus for using the method (apparatus

’ including a laser and an optical system for guiding iaéér beam
\) emjftted fromthe laser toanocbject tobe irradiated). Inaddition,
the present invention relates to a method of manufacturing a
semiconductor device, which includes a laser beam irradiation
step. Note that a semiconductor device described here includes
an electro-optical device such as a liqguid crystal display device
or a light emitting device and an electronic device which includes
the electro-optical device as a part.
2. Description of the Related Art

In recent years, a wide study has been made on a technique
in which laser annealing is performed for a semiconductor £ilm
formed on an insulating substrate made of glass or the like, to
crystallize the £ilm, to improve its crystallinity so that a
crystalline semiconductor film is obtained, or to activate an
impurity element. Note that a crystalline semiconductor £ilm
in this specification indicates a semiconductor film in which
acrystallizedregionispresent,andalsoincludesasemiconductor
film which is crystallized as a whole.

A method of forming pulse laser beam from an excimer laser




or the like by an optical systemsuch that it becones a square spot of
several cmor a linear shape of 100 nmor nore in length on a surface to
be irradi ated, and scanning the | aser beam (or relatively shifting an

i rradiation position of the |aser beam wth respect to the surface to be
irradiated) to conduct annealing is superior in mass productivity and is
excellent in technology. The "linear2shape" described here nmeans not a

"line" i i.C nse, but.a rectangle (or a prolate ellipsoid shape)
naving F 68, TtksChy $8765c Rl "y o Such M JLF detonde. g Sraamey an
aspect r?}kp gf 2. _0r ?Dre ggre&erably, 10 to 10000). Note that the |inear
shape i $P0sed t OB A PR P RetgPeaEnshene (@fJi0dkam o5 mexg i ilepath
anneal i ng an ob%ect %o e jrradiated. Fig. 7 shows an exanple of a
configngt PoRUbF 28R Pt PealTradireadts ornd creanpingaddie Hagan bean i(waar
shape one %urf ce to_be irradiated. This configuration is extrenely

general ¥ vEdy sMiLjnge e deTediadd omopesitieny efedhen lalser beam

configuration shown in Fig. 7. According to the configuration, a cross
sect i on¥LtESFRFREGE tohs shefrceste bavirradiated) Lol ¢omtucts hapealang

si mul taneously an energy density distribution of |aser beamon the surface
to be i FEaETRREOT ssThAs§eproddctivie murdlis excebpentaln sgshamlboy.
honmogeni zi ng the energy density distribution of |aser beamis called a
beam hofBgentigar shape "eepcehbed ¢ rformenns Inasea "lines” dhvildedtirict
direction perpendicular to a traveling direction thereof by a cylindrical

| ens gr §6pse3buthar spgtdnudenincng prbtéagehedfiipsnedr shape) heeingi A a
fpsrpendicular*direction. The direction is called a first -3-

b high aspect ratio. For example, it indicates a shape having an

aspect ratio of 2 or more (preferably, 10 to 10000). Note that
the linear shape is used to obtain an energy density req‘uired
for sufficiently annealing an object to be irradiated.

Fig. 7 shows an example of a configuration of an 6ptical
system for forming laser beam in a linear shape on a surface to
be irradiated. This configurai:ion is extremely general. All
optical systems described above are based on the configuration

showninFig. 7. Accordingto the configuration, across sectional

v

shape of laser beam is converted into a linear shape, and
simultaneously an énergy density distribution of léser beam on
the surface to be irradiated is homogenized. In general, an
optical system for homogenizing the energy density distribution
of laser beam is called a beam homogenizer.

Laser beam emitted from a laser 71 is divided in a direction
perpendicular to a traveling direction thereof by a cylindrical
lens group 73, thereby determining a length of linear laser beam

in a perpendicular directiop. The direction is called a first




direction in this specification. It is assuned that, when a mrror 1is
inserted in a course of an optical system the first direction is changed
in accordance with a direction of light bent by the mrror. In the
configuration, the cylindrical lens array is divided into seven parts.
Then, the | aser beans are synthesized on a surface to be irradiated 7 9 by
a cylindrical lens 7 4, thereby honpgegizing an energy density _
di stributj he ,.i.near | aser beamin the. |ongitudinal direction. Next,
t he com&li jglgél% i%‘%ﬁé‘ﬁ&% FREthEISRBLOD; ewt bispsgumed that, nheasspitoey.
Laser beam.emtted froma laser 71 is divided in a direction perpendicular
to a traveri§ defelribRorRSreef amaptifalisystem; the Fanshydiyedhnton cal
| ens arrays .72a and 72b, thereby determning a length of linear |aser beam
in a wdth SRS ildh acreed@nce: fidh s ddaecsdon oEcdhghtlibentiby tiet his
specification. It_is assuned that, when a mrror is inserted in a course
of an oftiT systferfhe eorEtgwEatieorect thba cydiodanged liemsacoorajance Wt h
a directjon of light bent by the mirror. In this configuration, the
cyl i ndr i@é{ld%éﬂgpr%%errmm 7Thepachhe dras el viedes anésynithespasd s. The
di vided | aser beans are tenporarily synthesized by a cylindrical |ens 74.
After tiRha sufageserbydamaddadadkelpdnt adkcypyindricablens 2ad thateby
condensed by a doublet cylindrical lens 78 so that they becone again
si ngl e hompgendgdimopant eresgy f deres 1 Uy ik, d trriasitaiaad o£9thé hei weab | iser
cylindrical lens 78 is a | ens conposed of two cylindrical [enses - Thus, a
honogenibegs dmertipe demgithudiiretY iditd@niai. the |inear |aser beamin a
{?bdth direction and a length of the linear |aser -4-

' Next, the configuration shown in the side view of Fig. 7

will be described. Laser beam emitted from a laser 71 is divided
in a direction perpendicular to a traveling direction thereof
and the firét direction by cylindrical lens arrays 72a and 72b,
thereby determining a length of linear laser beam in a width
direction. The direction is called a second direction in this
specification. It is assumed that, when a mirror is inserted
in a course of an optical system, the second direction is changed

in accordance with a direction of light bent by the mirror. 1In

R

this configuration, the cylindrical lens arrays 72a and 72b each
are divided into four parts. The divided laser beams are
temporarily synthesized by a cylindrical lens 74. After that,
the laser beams gre reflected by a mirror 77 and then condensed
by a doublet cylindrical lens 78 o that thejr become again single
laser beam on the surface to be irradiated 79. The doublet
cylindrical lens 78 is a iens composed of two cylindrical lenses.
Thus, a homogenized energy density distribution of the linear

laser beam in a width direction and a length of the linear laser



beamin a wdth direction are determ ned. For exanple, an excinmer |laser in
which a size in a laser wndowis 10 mm x 30 nm (whi ch each are a half
-width in beamprof ile) is used as the laser 71 and | aser beamis
produced by the optical system having the configuration shown in Figs. 7A
and 7B. Then, linear |aser beam which has a uniformenergy density
distribution and a size of 125 mmx 0.4 pun can be obtained on the surface
to irra%,lditited 79, At this time, when, for exanple, quartz is used for
ma

be / !
all  bal€ oM Ot (HF it n 458 JeVS TRt ransnittance is  obt ai ned.

Not e t hat coa%,i ng i s gr eferably conducted for the optical systemsuch that
transmittance®Sf §89M8lenoRB £¥CaBEAi hBderalnawhieh e Rizefin ke lesed
exci nmer I,a%gr._ Then, the linear | aser beamf rmed by t_he above
conf i quMdBOQK 1§ L Oimm x A0 | which eacl ase apad £aws dihiirebean pyofideval | y
shif ted in a wdth direction thereof. Thus, when |aser annealing is
per f or néd PS8¢ dhdhenlapersit fangt dasprapeancip prvdused bprthe optickl m t he
anor phous sem conductor filmcan be crystallized, crystallinity can be
i npr ove§¥Séepphaving they sioafigwratden sbovuciorFidgd m720and 7B mp Thieny,
el enent can be activated. SUMVARY OF THE | NVENTI ON However, as shown in
Fig. 7, ldneaptlaser bpamewiich HaspanimigFomm kneegy dessd iy dderpliboaties There
are problens that it is very dif f icult to perf ormoptical adjustnent to
such anasgt fcedze\af kg5 mande iOn 4asili taonbe SOBCLihEE 0 AHY ishir H2REOARS
| arger, the device -5 is enlarged.
: be irradiated 79.

rj |
. At this time, when, for example, quartz is used for all
base materials of the optical system, high transmittance is
obtained. Note that coating is preferably conducted for the
optical system such that transmittance of 99% or more is obtained
at a frequency of the used excimer laser.

Then, the linear laser beam formed by the above conf iguration
is irradiated with an overlap state while being gradually shifted
in a width direction thereof. Thus, when laser annealing is
performed for the entire surface of an amorphous semiconductor
film, the amorphous semicpnductor film can be crystallized,

crystallinity can be improved to obi:ain a crystalline

semiconductor film, or an impurity element can be activated.

SUMMARY OF THE INVENTION

However, as shown in Fig. 7, an optical system for forming
a linear beam is complicated. There are problems that it is very
difficult to performoptical adjustment to such an optical system,

and in addition, since the footprint becomes larger, the device



Furthernore, in the case where a | aser beam whose reflectance wth respect
to the irradiated body is high is used, when the foregoing |aser beamis
perpendicularly incident into the irradiated body, what is called a return
beam Is generated, which returns on the sane optical path when the beamis
incident into the irradiated body. The return beam becones a factor having
a bad influence on an output of the |aser and the variation of

frequencj ges he destruction of the rod or the |ike. Hence, an object of
t he presie%ter?fngreéﬁ bn is to provide a laser irradiation device in which a

| i near beanlii,fq{ned using an optical systemnore sinplified than the
conventi onal JNE-BENONG LR theirase whered Jasemnbapnidioss setkeatancear
beam and, a |l aser irradiation nmethod using such a |aser irradiation

devi ce. %@éo‘?ﬁ‘eﬁ?ec‘%nﬁﬂ hdte ohfeadiated neody ek rhighvihtused) swhen ptioei de a
met hod of manufacturing a sem conductor device in which the foregoing

| aser i rTORRIRIMH AEEREd Peamndisudeerpendicsutaspy Trecigtegsientinitovetiie on i s
characterized in that an aberration such as an astigmatismor the like is
gener at eFiRAiAted bpdye ahabdisngaibedta yeitmeindeesn dist genesptet, twhi die
convex lens, and the shape of the |aser beamon the irradiation surface or
in its TREWYoORoshe sanadertical |patdawheiheheobbaguiatioei @ént hinto
invention relating to a laser irradiation device disclosed in the present
speci fi d&e dxradliadiest hodar.i Tee retulrat bemhBecembasarfadEoR KHMRY 4 €NS
slantly set with respect to the traveling direction of the |aser beam -6-
emi t t ed HadnfHadgnge g mp | aseputndf nakengakbe shapenef vdiSation of

{:) frequencies and the destfuction of the rod or the like.

Hence, an object of the present invention is to provide
a laser irradiation device in which a liﬁear beam is formed using
an optical system more simplified than the conventional ones and
which can effectively anneal using such a linear beam, and a laser
irradiationmethodusingsuchajﬁserirradiationdevice.Moreover,
another object of the present invention is to provide a method
of manufacturing a semiconductor device in which the foregoing
laser irradiation method is included in its step.

The present invention is characterized in that an aberration
such as an astigmatism or the like is generated by a laser beam
being slantly incident with respect to the convex lens, and the
shape of the laser beam on the irradiation surface or in its
neighborhood is made in a linear.

The configuration of the invention relating to a laser
irradiation device disclosed in the present specification is

characterized in that it has a laser and a convex lens slantly

set with respect to the traveling direction of the laser beam



foregoing | aser beamlinear on the irradiation surface or inits

nei ghbor hood. Moreover, as for the other configuration of the invention
relating to a laser irradiation device, it is a laser irradiation device
having a | aser and a convex lens which is slantly set to the traveling
direction of the |laser beamemtted fromthe foregoing |aser and nmakes the
shape of the foregoing | aser beam on tn% irradiation surface or inits

nei ghbor | | i near shape, it i.s characterized as follows: supposing
that the ‘ggtn#&weﬁ?'ﬁ FBSSEPERAMNDY 4aS6T0 b HAYIAY (ihe (ShARS et | Ber i a

t he forf‘?lgi ng:‘._co vex I%fr;s is incident into the irradiated body formed on
t he substTarel+29 washif PeRY LineRRAR tore ixEadiptdonngustmee ok én Ltsd, the

foregoing | aser beamis incident with respect to the foregoing irradiated
body, afgﬁhﬁﬁﬁyﬂH§W@'angle 0 satisfying the follow ng expression: 0 z
arctan (w/ (2 E@g%% In the respective configurations descri bed above, the
foregoing |a Yethargcfer the othenmonfiiguratisel bf thetinverseiona gas
| aser, or a nmetal |aser of continuous oscillation or pulse oscillation. It
shoul d HeelfiiatP tRaa leseghérroafdigsiiog devide stidt bs d daser MAGdbsteron YV04

| aser, YLF |aser, YALQ3 |aser, glass laser, ruby |aser, alexandrite |aser,
Ti: sapfifvice hoaring at haskeirkendod cumréx umrms eddidh dbi shant1pusee to
oscillation are listed, as the foregoing gas |aser, excimer |aser, Ar

| aser, K¢ tsavel oo direscsdonrof tiee Lake rdfe axoemi tted Sromaihld Rideyb g pul se
oscillation -7- are listed, and as the foregoing netal |aser,

hel i um d@fdmurandgmkes the shape of the foregoing laser beam on the

i) irradiation surface or in its neighborhood in a linear shape,
it is characterized as follows: suppésing that the beam
width measured when a laser beam emitted from the laser via the
foregoing convex lens is incident into the irradiated body formed
on the substrate is w, and the thickness of the foregoing substrate
is d, the foregoing laser beam is incident with respect to the
foregoing irradiated body, at an incident angle 0 sé.tisfying the
following expression:
0 = arctan (w/(2 x 4))
In the respective configurations described above, the foregoing
laser is characterized in that it is a solid state laseﬁ:, a gas
laser, or a metal laser of continuous oscillation or pulse
oscillation. It should be noted that as the foregéing solid state
laser,YAG]aser,YVO{lasar,YLFlaser,YAloglaser,glasslaser.
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or pulse oscillation are listed, as

the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO,

laser or the like of continuous oscillation or pulse oscillation



copper vapor |laser, gold vapor laser and the |ike are |isted. Moreover, in
the respective configurations described above, it is desirable that the
foregoi ng | aser beam has been converted into a higher harnonic wave by a
non-linear optical element. For exanple, it is known that a YAG | aser
emts a |laser beam-in the wavelength of 1065 nm as a fundanmental wave.
The absorption coefficient of this |asgr beamw th respect to the silicon
film is ver Lo , sq it . is difficult fromthe technical viewpoint to

cryst al 1%%e %ﬁ ﬁgoﬁﬂﬁﬂﬁt%? EpEgaoipgmalinkhaser oheldtmssaidpdaiassr, fil ns
iIf it remains as it is. However, this | aser beam can be converted into a
short er GERRAT MRRPLUSIIRPR: risid apohpkasel and dientlikendins Jidtieher

har moni ¢ wave, the second higher harnmonic wave (532 nm , the third higher
har noni ¢ wave MOFs®viaH. in the respaati vedombi ghna bbons desee ib2dabuge and t he
fifth harnonic wave (213 nn) are listed. Since these higher harnonic waves
have hi gt i§bdesprabhe dduitf thiechoregpihgr bapexbelam hhe o plonsrtidd con
film these.can be utilized for crystallization of the anorphous silicon
film Mindeyerhigher hemeggar wiave bprd ngur-dtineas dpsteabesh @hene, Fdhe
foregoi ng convex lens.is characterized in that it is an aspherical |ens.
Furt her ezeplas dtcdsviErows nshatreni ¥l dseis emikisCanY&Xet Gisam i ARPeCONVeEX
lens and the like are |isted, however, as the convex lens in the present

i nvent i evellenghh et ahyeb enm asuta ofuridwefentLnseavandrhbe abaegaitosur f ace
of the | aser beam may be either of the two surfaces of the convex |ens.
-8- Mor esefifidienthefconisglasit Granleatt bedpabeveo {196 diBicon £ilm
\) is very low, so it is difficult from the technical viewpoint to
crystallizeanamorphous silicon filmwhich is one of semiconductor
films if it remains as it is. However, this laser beam can be
converted into a shorter wavelength using a nonlinear optical
element, and as a higher harmonic wave, the second higher harmonic
wave (532 nm), the third higher harmonic wave {355 nm), the fourth
higher harmonic wave (266 nm) and the fifthlharmonic wave (213

nm} are listed. Since these higher harmonic waves have high

absorption coefficients with respect to the amorphous silicon

‘\ H

film, these can be utilized for crystallization of the amorphous
silicon film.

Moreover, in thé respective conf igurations described above,
the foregoin‘g convex lens is characterized in that it is an
aspherical lens. Furthermore, as a convex lens, meniscus lens,
biconvex lens, plano-convex lens and the like are listed, however,
as the convex lens in the present invention, it may be any lens
out of these lenses and the incident surface of the laser beam

may be either of the two surfaces of the convex lens.




foregoi ng substrate, a glass substrate, a quartz substrate, a silicon
substrate, a plastic substrate, a netal substrate, a stainless clad
substrate, a flexible substrate and the like can be utilized. As the
foregoi ng glass substrate, a substrate consisted of glass such as barium
borosilicate glass, alumnoborosilicate glass or the Iike can be listed.
Moreover, a flexible substrate is refegred to a substrate in a film shape
consi sted of T, PES, PEN _acryl or the like, if a sem conductor device
i s prepared bYOFEPVEF-ndt hBef cPRELGNEAEHREEr deacribed aeyRt £9F dheeni ng
of it is expected. |f on. the surface or on the surface and the back

sur f ace T6F 903 Y SEbF T adfos @ Slass hrsirate ayequanide sobsiinatienum il m
(AION, AIN,, A1O or the like), - carbon film (DLC (dianond |Iike carbon) or
the Ii ké)’-l,J-cSF‘NS&bscbr@ﬂq k& iRlagthedsubatyatenokapetadr smbisttidadger a it is
desirable that the durability or the |ike is enhanced. Mreover, the

conf i gusi@iisdese ehad sweatrahes cd dilewihle sublsdeate anddtiheilikeresnod
disclosed in the present specification is characterized in that through a
convex bPéndiisikimed. sas wiheh forspeingt glalss tsubetiraiee di aecuibartraftet he

| aser beam a linear beamis forned on the irradiation surface or inits
nei ghbockosdstedhe offor gfjaias |swalar bsanbariadi abesoshilieatlke fgaaegqi ng
linear beamis relatively noved with respect to the irradi ated body.

Mor eoveplumiipobblres iddohitgugdbisenonf theel iky etdn e Nalsalddg Moeosrehaser
irradiation nmethod is characterized in that, through a convex lens slantly
set with fieptbletsubderatavisd imgFatiratticona sibsetatbeih asarilaeamapa | i near
(ogamis formed on the irradiation

~ consisted of PET, PES, PEN, acryl or the like, if a semiconductor

device is prepared by utilizing the flexible substrate, the weight
lightening of it is expected. If on the surface or on the surface
and the back surface of the flexible substrate, a barrier layer
made of aluminum f£ilm (AL1ON, A1N, A1l0 or the like), carbon film
(DLC (diamond like carbon) or the like), SiN or the like is formed
in amonolayer or multilayer, it is desirable that the durability
or the like is enhanced.

Moreover, the configuration of the invention relating to
a laser irradiation method disclosed in tize present specification
is characterized in that through a convex lens slantly set with
respect to the traveling direction of the laser beam, a linear
beam is formed on the irradiation surface or in its neighborhood,
the foregoing linear beam irradiates while the foregoing linear
beam is relatively moved with respect to the irradiated body.
Moreover, the other configuration of the invention relating to
a laser irradiation method is characterized in that, through a

convex lens slantly set with respect to the traveling direction




surface or in its neighborhood. Supposing that a beamw dth neasured when
the foregoing linear beamis incident into the irradiated body fornmed on
the substrate is w, and the thickness of the foregoing substrate is d, the
foregoing linear beamis incident into the irradi ated body, at the
incident angle O satisfying the follow ng expression: 0 z- arctan (w (2 x
d)) and the foregoing |inear beamirradigates while the foregoing |inear

beamis dr tively to the foregoing, irradi ated-body. In the
respect ié\ﬁév@%‘nfl%g%%t Y c?es]&qet?e‘aelgetﬂﬂ‘/g';s t;H:ér“P é?ﬂ)i'%gg Ayzdizfgion
characteriéﬁ$ inthat if is a solid state |aser, a gas |aser, or a netal

| aser of° ComtihBus*BstFfi BetgRPErpaAse SYERPFLRF; dhat @ JRAR Fisttnot ed
that as the for ing solid state |aser, YAG |aser, YVO4 |aser, YLF |aser,
YA103 | F§EHSUH g@‘?"gs“éﬁ? ferpgolngelingpexhpam s Hasddenp ingpihe e

| aser or, the |ike _of continuous oscillation or pulse oscillation are-

|i st ed, FFadiaread, bosy fgryed snsehe substirate dsew, apd|therthickiesser, €02
| aser or the |like of continuous oscillation or pulse oscillation are

li st ed, %ndbss foreguingysiuhstaate isdhr thee|fanagadadnilindass drgam clopper
vapor |aser, gold vapor |aser and the |like are listed. Mreover, in the

r espect ilneident ginte i the desmdilEdtbdbboéy, | at ithaesheabentt haigltehe
foregoi ng | aser beam has been converted into a higher harnonic wave by a
non- | i né@tigfwise tdeedmitlowivy eoypressinnhe respective configurations
descri bed above, the foregoing convex lens is characterized in that it is
an aspherf@calardten!| émg(2Fardhprnore, as a convex |ens, neniscus |ens,
‘bhconvex | ens,

S and the foregoing linearbeamirradiateswhile the foregoing linear

beam is moved relatively to the foregoing irradiated ‘body.
In the respective configurations described above, the foregoing
laser is characterized in that it is a solid state laser, a gas
laser, or a metal léser of continuous oscillation or pulse
oscillation. It should be noted that as the foregoing solid state
laser, YAG laser, YVO, laser, YLF laser, YAl10; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or pulse oscillation are listed, as
the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO,
laser or the like of continuous oscillation or pulse oscillation
arelisted, andas the foregoingmetal laser, helium-cadmium laser,
" copper vapor laser, gold vapor -1aser and the like are listed.
Moreover, in the respective configurations described above, it
is desirable that the foregoing laser beam has been converted
into a higher harmonic wave by a non-linear optical element.
Moreover, in the respective configurations described above, the

foregoing convex lens is characterized in that it is an aspherical




pi ano-convex lens and the like are |isted, however, as the convex lens in-
the present invention, it nay be any lens out of these |enses and the

i ncident surface of the | aser beam nay be either of the two surfaces of
the convex |l ens. Mreover, in the configurations described above, for the
foregoi ng substrate; a glass substrate, a quartz substrate, a silicon
substrate, a plastic substrate, a netal_spbstrate, a stainless clad
substreuféng. Ieﬁhble substrate and the Tike can be utilized. Mreover

the confTGur at PO of MORE -i 3 BRATBIPF LPAEI Mpniscus herfedisonyeruiersuring a
sem conduct or device .di sclosed in__the present sgecification S

char act & TRY TIPSR 05 BRGHBe ddkecare ldmtes.ahovever: as thercewees to

the traveling direction of the |aser beam a linear beamis formed on the
i rradi ath e St e Prssent iinyendigiborifosay breanyr dgbenguti eBathdsam
I rradi ates while _the torggoing | inear beamis relatively noved with
respect kNS¢ hénkheohngifisptf sunfameredvihe lidsembean neyfbgushthan of
the invention relating to a nmethod of manufacturing a sem conductor device
i s charfctidis Astp ispxipges tof oty convewekehens slantly set with respect
to the traveling direction of the |aser beam a linear beamis fornmed on
the irradiati deregvieace ior the cosfigiughhdoheodescBippasabgvehaton frgam
wi dth neasured when the foregoing linear beamis incident into the
sen condignegdingriswhsumtd hea gimy afubstiate, andpidie 4 hukewsst®f 4 he
foregoing substrate is d, the _11- f oregoing linear beamis incident with
respect stid-itdem ssrisiorahect o plastic substrate, a metal substrate, a
0
\;) stainless clad substrate, a flexible substrate and the like can
- be utilized.
Moreover, the configuration of the invention relating to
a method of manufacturing a semiconductor device disclosed in
thepresentspecificationischaracterizedinthatthroughacmnvex
lens slantly set with respect to the traveling direction of the
laser beam, a linear beam is formed on the irradiation surface
or in its neighborhood, the foregoing linear beam irradiates while
the foregoing linear beam is relatively moved with respect to
the semiconductor film.
Moreover,theotherconfiguratianoftheinventionrelating
to a method of manufacturing a semiconductor device is
characterized in that, through a convex lens slantly set with
respect to the traveling direction of the laser beam, a linear
beam is formed on the irradiation surface or in its neighborhood.
Supposing that a beam width measured when the foregoing linear

beamisincidentintothesemiconductorfilmformedonthesubstrate

is w, and the thickness of the foregoing substrate is d, the



filmat the incident angle O satisfying the follow ng expression: z-
arctan (W(2 x d)) and the foregoing |inear beamirradiates while the f
oregoing linear beamis noved relatively to the foregoi ng sem conduct or
film In the respective configurations described above, the foregoing

| aser is characterized in that it is a solid state |aser, a gas |aser, or
a netal |aser of continuous oscillationqu pul se oscillation. It should be

not ed t%%%' .Hgg egping solid state, ggifr, YAG | aser, YVO04 |aser, YLF
| aser, FH94 }igéﬁggga&éﬁﬂ9°l$ﬁﬁ wiltbde sPachdm dhpsemiconductor
sapphir ,Iaseg_&g the_ Like of continuous oscillation or pulse oscillation
are |istdd™ as thedneifeqsianpims sabisLying therfo bbevingexpaession: | aser,
Q2 laser or the |ike of continuous oscillation or pulse oscillation
arelisted, anf #sarftaprofwdérny @Bdal |aser, helium cadmium |aser: copper
vapor laser, gold vapor |aser and the |ike are |isted. Mreover, in the
r espect AP TYRFPEEFAL PG AdngaThe R irERdiateswhijle s Foapyeingdt nehe
foregoi ng | aser beam has been converted into a higher harnonic wave by a
non-1in& pi Bgved| gpdativelsr &ovdhe forelgoings sesticoadugrtoryfidm.ons
descri bed above, the foregoing convex lens is characterized in that it is
an asphéfi tae resprcting ceafhgurations desveibkdnabovenitdmiSorensinki convex
| ens, Rlano-convex |l ens and the like are |listed, however, as the convex
| ens i nlefRérpieseharaolenized, in tthely ide iang sehsd mtaté Idwmse d gages and
the incident surface of the | aser beam may be either of the two surfaces
of the &86¢&x |ashsa me¢RalMimsmuerofi cohtdnconki Gudallilensigleseri pedsabove,
far the
\B oscillation. It should be noted that as the foregoing solid state

laser, YAG laser, YVO, laser, YLF laser, YA10; laser, glass laser,

ruby laser, alexandrite laser, Ti: sapphire laser or the like

of continuous oscillation or pulse oscillation are listed, as

the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO,

laser or the like of continuous oscillation or pulse oscillation

are listed, andas the foregoingmetal laser, helium-cadmium laser,

copper vapor laser, gold vapor laser and the like are listed.

Moreover, in the respective configurations described above, it

is desirable that the foregoing laser beam has been converted

into a higher harmonic wave by a non-linear optical element.

Moreover, in the respective configurations described above, the

foregoing convex lens is characterized in that it is an aspherical

lens. Furthermore, as a convex lens, meniscus lens . biconvex lens,

plano-convex lens and the like are listed, however, as the convex

lens in the present invention, it may be any lens out of these

lenses and the incident surface of the laser beam may be either

of the two surfaces of the convex lens.




foregoi ng substrate, a glass substrate, a quartz substrate, a silicon
substrate, a plastic substrate, a netal substrate, a stainless clad
substrate, a flexible substrate and the like can be utilized. Mreover, in
the respective configurations, it is desirable that the foregoing

sem -conductor filmls a filmcontaining silicon. Since the present

I nvention has a very sinplified configuration, optical adjustnent |s easy,
and t he device, hecones gonpact in ;siié?fwbreover, even in the case where
the irradiati ]:iesovﬁé‘?'f&?‘gg e GephdINrptirasi d9seribaderboeansiositiee t he
opti cal stemis inplified, it is possible to easily make the sane shape
of the *H7eIUIG %’Zﬁﬁaﬁ% Gt B¥ags grsirake ha wnanimmsubatnatey, at s
very inportant to nmake the same shape of plurality of |aser beans. If the

beam i r SidiAWs PPtk ratrlagbiagsubpargéear eametsilnguhsiradenl wal ity
of laser beans, It |s capable of enhancing the throughput. Moreover, the
beam caf i n}e9s sdadp§uBshrassi za lexille sublstnatie wndf thasktle can
Furthernore, since the present invention is slantly incident wth respect
to the P& athidd&®dhody, the return beam can be prevented, since an
I solator is not required to set, the configuration becones nore
sinplified. THerepyes, in hhenmhprdivivotohfitgapations, ket 1 ed@esigdble
Moreover, the efficient irradiation can be perforned with respect to the
seni - cotiadtidre Loregeing semiconduetirhii Ial 6 a Aillh tbnfAKeSnH@ITiikon .t hat
the wvariation of the electrical property of TFT prepared can be reduced
usi ng s&dnce theipestudt dnvehiidon hie operatd it PHORA LbnEidurhion,
{iﬁliability of semi conductor prepared fromsuch a TFT can be al so

optical adjustment is easy, and the device becomes compact in
size. Moreover, even in the case where the irradiation is performed
using a plurality of laser beams, since the optical system is
simplified, it is possible to easily make the same shape of the
all laser beams. In order to perform the uniform annealing, it
is very important to make the same shape of plurality of laser
beams. If the beam irradiates on a substrate having a large area
using such a plurality of laser beams, it is capable of enhancing
thethroughput.Mbreover,thebemncanbetmjlizedbysynthesizing-
such a plurality of lasers. Furthermore, since.the present
inventionisslantlyincidentwithrespecttotheirradiatedbody,
thereturnbeamcanbe;u@vented,sinceanisolatorisnotrequired
to set, the configuration becomes more simplified. Therefore,
the reduction of the cost can be realized. Moreover, the efficient
irradiation can be performed with respect to the semiconductor
film formed on the substrate, and it makes possible that the
variationoftheelectricalpropertyofTFTpreparedcanbereduced

using such a semiconductor. Then, the operating property and




enhanced. BRI EF DESCRI PTION OF THE DRAWNGS In the a acconpanyi ng
drawings: Fig. | is a diagramf or showi ng an exanple of an optical system
of the present invention; Fig. 2 is a diagramf- or obtaining an incident
angle O of a laser beamw th respect to an object to be irradiated; Fig. 3
I's a diagram showi ng an exanple of a shape of a | aser beam formed on an

i rradiation surface according to the pggsent invention; Fig. 4 is a -

di agra optical em of th esent invention
n the eee i SY BN AlalR R RrebarB CE et o Sdrf B3R

show ng .ap | e of an optical system of the present I nvention in the
case a plurality of laser beans is used; Fig. 6 is a diagram show ng an
exanpl e of an optical system of the present invention in the case a
plurality of |aser beans is used, Figs 7 is a di agram show ng an exanpl e
of a conventi onal ophE&% S stenb A to 8C are cross sectional views
for explaining steps |TIIQ QFHITM DREWINGE a TFT f or a driver
circuit; Figi. Eﬁ to 9C are cross sectional views for expl ai ni ng - 14-
steps of manuf8cttfi Rg2GCPMRBPYERY SREWATGST for a driver circuit; Fig. 10

IS a Ccross sectlonal view for explaining a step
Fig. 1 is a diagram for showing an example of an optical

system of the present invention;
Fig. 2 is a diagram for obtaining an incident angle 0 of
O a laser beam with respect to an object to be irradiated;

Fig. 3 is a diagram showing an example of a shape of a laser
beam formed on an irradiation surface according to the present
invention;

Fig. 4 is a diagram showing an example of an optical system
of the present invention in the case a plurality of laser beams
is used;

Fig. 5 is a diagram showing an example of an optical system
of the present invention in the case a plurality of laser beams
is used;

Fig. 6 is a diagram showing an example of an optical system
of the present invention in the case a plurality of laser beams
is used;

Figs. 7 is a diagram showing an example of a conventional
optical system;

Figs. BA to BC are cross sectional views for explaining
steps of manufacturing a pixel TFT and a TFT for a driver circuit;

Figs. 9A to 9C are cross sectional views for explaining



of manufacturing a pixel TFT'and a TFT for a driver circuit; Fig. 11 is a
top view for explaining a structure of a pixel TFT; Fig. 12 is a cross
sectional view of an active matrix type. liquid crystal display device;
Fig. 13 is a cross sectional structure diagramof a driver circuit and

pi xel portion of a light emtting device; Figs. 14A to 14F are di agrans
show ng exanpl es of a sem conductor dadi-ce; Figs. 15A to 15D are di agrans

show ng I L conduct ot ice; Fiags. 16A tq 16C are diagrans
showi ng CxePpCaengpubactiiiig Binixe] ﬂﬁia{é oY £9F 3 QrivaTagERShowi ng
an exanpl e of fq&p%gg a crystalljzation of a sem conductor film by

* nvéntt %’%lfd

usi ng the presé ot eI HY YHRY SkoF corRilRiRENG | 2 1§ BSD SEM

Fig. 18 | | agram show ng. an exanpl e _of performng a crystallization of
a sem co‘sn%uﬁ’é1 rg'%g%?a‘fﬁﬂg RiPEeheThf edidt a gﬁWeﬁPF oft @RdveBsei¥cHgtthe

seniconductorFLiIn4gy_SENl Figs. 19A to 19H are di agrans show ng exanpl es
of manuf act uri sy T"’ssl?ytE??i}%be‘t’hfénbree‘fé’éﬁtlfﬁ%ﬂtﬁ*@ﬁ-}CW'@.OfZQAP:tlge;lZOB are

di agra owi ng exanpl es of manufacturing TFT by using the present
i nventi Mmd neasuring the electric characteristics; -15- Figs. 21A to

21C are diagrans show ng exanpl es of manufacturing TFT by using the present
i nventi on: Fig. 12 isa cross sectional view of an active matrix type

liquid crystal display device:
’ Fig. 13 is a cross sectional structure diagram of a driver
{;) 7 circuit and pixel portion of a light emitting device;

Figs. 14A to 14F are diagrams showing examples of a
semiconductor device:

Figs. 15A to 15D are diagrams showing examples of a
semiconductor device; |

Figs. 16A to 16C are diagrams showing examples of a
semiconductor device;

Fig. 17 is a diagram showing an example of perfqrming a
crystallization of a semiconductor film by using the present
invention and observing the semiconductor £ilm by SEM;

Fig. 18 is a diagram showing aﬁ exémple of performing a
crystallization of a semiconductor film by using the present
invention and observing the semiconductor £ilm by SEM;

Figs. 19A to 19H are diagrams showing examples of
manufacturing TFTs by using the Present invention;

Figs. 20A to 20B are diagrams showing examples of
manufacturing TFT by using the present invention and measuring

the electric characteristics:




Figs. 22A to 22B are diagrans showi ng exanpl es of manufacturing TFT by -
using the present invention and neasuring the electric characteristics;
Figs. 23A to 23B are diagrans show ng exanpl es of nanufacturing TFT by
using the present invention and neasuring the electric characteristics;
and Fig. 24 is a diagram showi ng an exanple of an optical system of the
present invention. Figs. 25A to 25C argggraphs show ng | D-VG characteristic

of a TFT manu ture y combjning | aser beamirradiation with thernal
crystallizatifgﬁ Si nglﬁi cﬁ‘& Jr&/i %’d’ecaﬁéla?FPE‘Sf ufRPYVHRY g¥qMRles of
crystal lization.and s dependency on channel |ength. Figs. 26A to 26C
are grapht “fﬁ&%%g“%q}%a%r%@i@w Prefent vennignct ured by | aser

beamirradiatigon in the crystallization and shows dependency on channel
length. Fig. 3#9Fs gf&Phst@hAdthg ar® vEiaasrast ephevirng ofexamFies wiokh a
filmthi ckness of 66 nmin conplete depression type. Fig. 28 is graphs
showi ngMPBUYECINZARG: dFTsbycusing tipe Rwesent finventhiwk wess meastsG.ngn i n
partial depletion type. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Enbodi mthe meestrict khagassenistiissti nent Mbde, a method of forming a
linear beamw || be described belowwth reference to Fig. 1 and Fig. 2.
-16 A | aser bEaffeni 232d %9 0R3B | azer ddagramsncsimming ntexamplenves | ens
103 via a mrror 102. Here, as the laser 101, a solid
manufacturing TFT by using the present invention and measuring
the electric characteristics; and
O Fig. 24 is a diagram showing an example of an optical system
of the present invention.
Figs.25A to 25C are graphs showing ID-VG characteristic
of a TFT manufactured by combining laser beam irradiation with
thermal crystallization using nickel having catalytic function
in the crystallization and shows dependency on channel length.
Figs.26A to 26C are graphs showing ID-VG characteristic
of a TFT manufactured by laser beam irradiation in the
crystallization and shows dependency on channel length.
Fig. 27 is graphs showing ID-VG characteristic of a TFT
with a film thickness of 66 nm in complete depression type.

Fig. 28 is graphs showing ID-VG characteristic of a TFT

with a film thickness of 150 nm in partial depletion type.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment Mode

In the present Embodiment Mode ., amethod of forming a 1inear

beam will be described below with reference to Fig. 1 and Fig.



state laser, a gas laser or a netal |aser of continuous oscillation or
pul se oscillation is used. It should be noted that as the foregoing solid
state laser, YAG |aser, YV04 |aser, YLF laser, YA103 |aser, glass |aser,
ruby | aser, alexandrite laser, TlI: sapphire laser and the like are |isted,
as the foregoing gas |aser, exciner |aser, Ar laser, Kr |aser, C02 |aser
and the like of continuous oscillatigRgor pulse oscillation are |isted,
and as 4$he foregoing netal |aser, heliumcadm umlaser, copper vapor

| aser, gold vapor laser and the like are listed. Then, a laser oscillated

fromthe | aser nvert I ntQ hi gher . harponi¢c wave by a
non- | i near optpf ?%Ségéﬁ%%[ .%%ﬁbt&&i\?%ﬁo%abgﬁﬁle%eiﬂénaérlﬁﬁi-%%ﬁ 1REC|@ser
101 and %ﬁ%éﬁr'éﬂé 18§ or _bet ween tES mrror 102 and the convex |lens 103
s set and nay I5& expanded @ PAEEEhL0dedoRRy &S Ehenlase® 161 .| angrtid
directiqﬂxﬁﬂglghorter di_rection, reagictively. The beam expander is

parti cularly" —ePP&ett 8% 1R 9T0F Adte itk La Sex O Fapé 1anousosakblathiem
emtted fromthe | as is small. Myreover, the mirror may not be set, or
a plural?h f‘gers‘? h%s?ﬁﬁ%’F%O?raiys besedt . I¥hshpud g bsemptied it Smrithe

i ncident_wi th respect, to. the convex |lens 103. The focal position is

shi ft ed SHGFHE SALish stafen lasesst YdFailaserby YOk ntpseri A lasemch a

way, a |l jnear . beam 106 can be formed on the irradiation surface or inits
nei ghbor‘%f@(ﬂi. lasedhogifase dien. tHaby | Lasaz, codesanderitel Qhsex - I%: made
of a synthetic quartz glass, it is desired since a high transparency is
obt ai neF2RW R dasegandokhe fdkerre Adspedyiaetihedivtdy sy fasd afert he

(§9nvex | ens 103, it is desirable that one
~ excimer laser, Ar laser, Kr laser, CO; laser and the like of

continuous oscillation or pulse oscillation are listed, and as
the foregoing metal laser, helium-cadmium laser, copper vapor
laser, gold vapor laser and the like are listed. Then, a laser
oscillated from the laser 101 may be converted into a higher
harmonic wave by a non-linear optical element. Moreover, a beam
expander between the laser 101 and the mirror 102 or between the
mirror 102 and the convex lens 103 is set and may be expanded
into the desired size in both of longer direction and shorter
direction,'respectivelyf The beam expander is particularly
effective in the case where the shape of the laser beam emitted
from the laser is small. Moreover, the mirror may not be set,
or a plurality of the mirrors may be set.

The laser beam is made slantly incident with respect to
the convex lens 103. The focal‘position is shifted with aberration
such as astigmatism by being incident in such a way, a linear
beam 106 can be formed on the irradiation surface or in its

neighborhood. It should be noted that if the convex lens 103 is



capabl e of obtaining the transparency of 99% or nore with respect to the
wavel ength of the utilized | aser beamis used. Mreover, as for the convex
lens, it is desirable that an aspherical |ens whose spherical |ens
aberration is corrected is used. If an aspherical lens is used, the
condensi ng property is enhanced, and the aspect ratio and the distribution
of the energy density are also enhane&d- Then, while the |inear beam 106

formed thse idf adi &4.68n r example, it can i.rradiate the desired region
or whole area on the |?F% igﬁgﬁggog§afﬁ4 B@i%&ﬁ%ﬁ%ﬂi%ﬁﬂ?ﬁ FoVEERY t h
respect .10 d I_a g bod #@4 for example, in the direction
| ndl cat oF RFETEAIG (riesf éﬁ AEBHMPLPOTET - (75 (HRF SPPCRR bHAT iBRAvGIad wi t h
the refere n rals Oﬁlg 109. "Tq be relatively noved" is concretely
referr eg’rnt %_ﬁ%t 88%%853& 8%t ei??’h‘é‘?’éﬁeﬂ’%c}d&? diidpdSedesbrable Rafone
Fbmever,iﬁégﬁpdigqfon I he maveleﬁgth of a laser beam the interference may
ari se bét & RE IRFHRIRY F DS LRARRDARENSH 9588 ¢ oF moFe Vithdespatthody
104 and th% reflection beamon the back surface of the substrate 105 on
whi ch t i€ FPPHREELangbRyof gde jutilgand) laserbgamois atsede Momemdiext.ed body
104, an ex%nﬁle in which a semi conductor 11 is formed on a substrate 10 is
shown. 3 TPRetR@1FRY$Bntesimits isnderd rebleatbabian s phericailddens  film
11 and the reflection beam 13 on the back surface of the -18- substrate 10
are not "O@5Er iSRS Eak nkepnt abesrandondds teontmskedebssudeds At accur.
In this case, when a flat plane which is perpendicular to
- aspherical lens is used, the condensing property is enhanced,
*4) and the aspect ratio and the distribution of the energy density

are also enhanced.

Then, while the linear beam 106 formed thus irradiates,

for example, it can irradiate the desired region or whole area

on the irradiated body 104 by being relatively 'moved with respect

tothe irradiated body 104, for example, in the direction indicated

with the reference numeral 107 or the directions indicated with

the reference numerals 108, 109. “To be relatively moved” is

concretely referred to “to operate the irradiated body disposed

on the stage”.

However, depending on the wavelength of a laser beam, the

interference may arise between the reflection beam on the surface

of the irradiated body 104 and the reflection beam on the back

surface of the substrate 105 on which the irradiated body 104

is formed. In Fig. 2, as the irradiated body 104, an example in

which a semiconductor 11 is formed on a substrate 10 is shown.

If the reflection beam 14 on the surface of the semiconductor

film 11 and the reflection beam 13 on the back surface of the




the irradi ated surface and which is one of the plane containing short side
or the long side of a rectangle which is assuned to be a shape of the |ong
beamis defined as incident surface, it is desired that the incident angle
O of the | aser beamsatisfies 0 z- arctan (W2d) where Wis a | ength of
the short side or the long side contained.in the incident surface, and the
t hi ckness of the substrate having tramgparency with respect to the | aser

beam < Sundbide e M MBS, Wl 52 DEAMESIU, 15,0L g Taser

beam i nci dent on the irradi at su foace,' an

| aser begdRKLidSiSd e,p?{ r@&@lf_back surface of the substrate 10. It is to be
noted that when the Tocus of " the |aser beamis not present on the incident

surface, an i nRgy l e of a oj.ect.ed one . of the |locus_on the incident
surface is dﬁ ﬁgggagggg, I ‘f’g‘?’ﬂea P‘cragséetr p&@ﬁ‘r’ﬁ ngphc?‘ﬁeﬂ?r%?n@hﬁu%ﬂ’éi%nt
angle O, fd.ect mon_the surface of the substrate is not

i n'? erferteﬁc#] %I{r%dtl%g:eﬁgﬁ fl‘)'g'%f‘ig& ﬁ’éarﬂﬁi‘%%%é’nﬁaefg therptare o dig r at e
to enablg the Si.rdrea%ira%bon of the | aser beamto be conducted uniformy.
Furt her 5By s& 5§t KBS AlPdefitdgngF 2 orechantte i whieh asteRewared Ea he

Brewster's an%}g’, tggeﬁlgf{lectivi ty .is.mnimzed to enable the | aser beam
i Vel y.

to be ussd%f Anghkea ie detiredtis cingiisnbisurfacrbsttate is

1. In practice, _the refractive index of many substrates is about 1. 5.
Wien t hi'® 9¢giEed; thatdde imcd demtshoolet§ @f thechasetr déam setiiss ey ger
-19- than the angle calculated in the above is obtained. However, because
ener gi ed &f aBGEARs(Wé3ddfwhere| Bnis hani benglih exf i e cfhotthesidenenr thgam ar e

g’@t enuated, interference influence is small
~ . long side contained in the incident surface, and the thickness

of the substrate having transparency with reépect to the laser
beam is d. This W is W = (W, + W2}/2 when W, is a beam length
15 of a laser beam incident on the irradiated surface, and W,
"is a beam length of a laser beam reflected from a back surface
of the substrate 10. It is to be noted that when the locus of
the lasexr beam is not present on the incident surface, an incident
angle of a projected one of the locus on the incident surface
is defined as 8. If the laser beam is incident at the incident

angle 0, the reflected beam on the surface of the substrate is

not interfered with the -reflected beam from the back surface of
the substrate to enable the irradiation of the laser beam to be
conducted uniformly. Further, by setting the incident angle 0
on the irradiated body to the Brewster's angle, the reflectivity
is minimized to enable the laser beam to be used effectively.
In the above, refractive index of the substrateis 1. In practice,
the refractive index of manj substrates is about 1.5. When this

value is taken into consideration, a calculation value larger



in this part and sufficient interference attenuation effect is obtained
with the above cal cul ated value. Mreover, the reflection prevention film
may be formed on the surface of the irradi ated body. When the annealing of
the sem conductor filmis perfornmed wusing such a |aser irradiation device,
the rel evant sem conductor filmcan be crystallized, the crystalline

sem conductor can be obtained by enhangi_ng the crystallinity and the

fhat ' the ehose apotR LIRS G il dn Thithindy BRENENA nds. of
by the SECTaRr Syerancs b BothuSeahs bt (RS dnnotkuies FIFEGRACEIof (h e
Xeo oxioreipar el M ot a S A Pn ke Ponéar Lnt fuRnan dge B LG
vt | ndet ohaEs BHEE A e S psises e trenuat ion EE8ctl 5 Shape,
any. ShaBEt e RE8 o h R e PRV R A SHEASGAINe cont | gur at ons. descr | bed
above will be,described further in detail by Enbodi ments indicated bel ow

-20 Enbodi menteFeehBbdi sTef iactinn prevestipmédinamy hen foxmed onin

which a_Jinear beamis formed by the present invention will be described
bel ow the surface of the irradiated body.

) When the annealing of the semiconductor filnlis”performed

\) using such a laser irradiation device, the relevant semiconductor
film can be crysfallized, the crystalline semiconductor can be
obtained by enhancing the crystallinity and the activation of
the impurity elements can be carried out.

It should be noted that the shapes of the laser beams are
different depending on the kinds of the laser beams emitted from
the lasers, even if the laser beam is formed by the optical system,
itis5usceptibletoandeasilyinfluencedwiththeoriginalshape.

Forexample,theshapeofthelaserbeamemittedfrmnaXeClexcimer

.

laser is in a rectangular shape, as for the shape of the laser
beam emitted from the solid state laser, if the rod shape is in
a cylinder shape, it becomes a circular shape, and if it is in
aslabshape,itbecomesarectangulafshape.Thepresentinvention
can be applied to any shape.

The present invention comprising the configurations
describedabovewillbedescribedfurtherindetailbyEmbodiments

indicated below.




with reference to Fig. 1 and Fig. 3. As the laser 101, YAG |aser is used.
Supposing that the |aser beamoscillated fromthe |aser 101 is converted
to the second higher harnonic wave by a non-linear optical elenent
contained in the laser 101. At this tinme, supposing that the | aser beam
is in TEMbo node, and has 2.25 mm of beam-di ameter and 0.35 nrad of
spreadi ng angl e. Subsequently, the beamoi-s incident with respect to the
convex ghfhsdienpaving a focal length of 20 mmat the incident angle of
20 degrees. _Themn, Tn the present Enbodinent, the sinulation is perforned on
the shapgnpiaidént aper beam forned on the irradiation surface disposed in
paral | el—wth—the ctonvex |lens. The results of these are shown in Fig. 3.

FromFig. 3, iq,Ii that. a linear_ beam having a |engfh of 420m
and a width offn40tr§nq#$ie%%érn%§m%%°ﬁ%erﬁ7a?ffa?’F%?Prqs%rJf%c‘%?l%r%o%ﬂ‘?a’E he

di stri byt . Of ener density of the linear beamis a_Gaussian

di ot ri bt .1%58%9‘? oBY il o sertt dnvantion ¥ortl e dascribedmeiaied

t hat a|4#¥ﬁ”re égnis forqfd on the_irradiation surface or in its

nei ghbor'hoot Accordiay 19 THe pt &2hiFi%vedti on. Then, when the annealing
of a sem cond ctag filmis perforned using such a |laser irradiation

devi ce, the r&%eht 188f IducidC fhasardF Usedr BpRQSing thakriha al | i ne
senicon%g&{or filmcan.be obtained -21- by enhancing the crystallinity, and
the activAtgoRedP ascdilahad 0B dheptaser Aioddi o gonveEnbed tetheEegpide

pr esent En‘%odi nt, an exanple in which the
higher harmonic wave by a non-linear optical element contained

J in the laser 101. At this time, supposing that the laser beam
is in TEMoo mode, and has 2.25 mm of beam diameter and 0.35 mrad
of spreading angle.

Subsequently, thebeamis incident with respect to the convex
lens 103 having a focal 1eng£h of 20 mm at the incident angle
¢ of 20 degrees. Then, in the present Embodiment, the simulétion
is performedon the shape of the laser beam formed on the irradiation
surface disposed in parallel with the convex lens. The results
of these are shown in Fig. 3. From Fig. 3, it is understood that
a linear beam having a length of 420um and a width of 40um is
formed on the irradiation surface. Moreover, the distribution
of the energy density of the linear beam is aGaussiandistribution.

From the results of this simulation, it can be confirmed
that a linear beam irs formed on the irradiation surface or in
its neighborhood according to the present invention. Then, when
the annealing of a semiconductor film is performed using such
a laser irradiation device, the relevant semiconductor film can

be crystallized, a crystalline semiconductor £ilm can be obtained



irradiation of the |aser beamis performed using a plurality of |aser

beans wi ||l be described below wth reference to Fig. 4. As |lasers
Il1la-11lc, YAG |asers are used, these are converted into the second higher
har noni ¢ wave by anon -linear optical elenment. Then, after the respective
| aser beans enmitted fromthe lasers |lla-111c travel via mrrors

112a-112c, these are slantly incident-2dth respect to the convex |enses
113a- 113y BhatEMNd YndQ | NG : focal .position is shifted by an
aberratioh such gsd asti ﬁtﬁilm%or , %*'eablﬁiteh,e ég{:T‘ﬁ%g}o%é’%rﬁ%%ﬁm%rf'ﬁ?ned on
the irragdhabhopasiEACE,,Qr in its neighborhood. Mreover, it is desirable
t hat an aspheri cgf? ﬁéﬁsglug'used for the convex lens. It should be noted

t hat abeam expander between the lasers | |la-111c and the mrrors
112a-112c or between the mrrors 112a-112c and the convex |enses 113a-113c

s set aﬁﬂb%@im%ﬁtefpanded into the desired sizes in both of |onger
directi r direction, respectively. Mreover, the mrror my
not be set, orpa %lquralité %gf tkf nirrors may be set. Then, while the

li near beam f orredh PRhPEeltyy Fphodimert. 3an examplpadimt ahieh dbker ed
region o V\/ngl e, area $n the irradiated body 104 by being relatively noved
with res 13198 9 & r Bsg 184perberesdijfing ianplhsaditacefon

i ndi catg](_j with the reference_-22- nuneral 107 or the directions indicated
wi th t het?FerReRUES Wik} dpe desgpibedobelevnedthnrefierpneeehe Figention,

the optical systemfor formng the |inear beam has a very sinple
Configur%ijcﬁ‘%eFT 1kla-11lc, YAG lasers are used, these are converted

- intothe secondhigher harmonicwave byanon-linear optical element.
Then, after the respective laser beams emitted from the lasers
1lla-1 llq travelviamirrors 112a-112c, these are slantly incident
with respect to the convex lenses 113a-113c. By slantlﬁr being
incident, the focal position is shifted by an aberration such
as astigmatism or the like, a linear beam can be formed on the
irradiation surface or in its neighborhood. Moreover, it is
desirable that an aspherical lens is used for the convex lens.
It shouldbenoted that a beam expander between the lasers 111a-11lc
and the mirrors ll2a-112c¢ or between the mirrors 112a-112c¢ and
the convex lenses 113a-113c is set and may be expanded into the
desired sizes in both of longer direction and shorter directionl,
respectively. Moreover, the mirror may not be set, or a plurality
of the mirrors may be set.

Then, while the linear beam formed in this way irradiates,
it canirradiate the desired region or whole area on the irradiated
body 104 by being relatively moved with respect to the irradiated

body 104, forexample, in thedirection indicatedwith the reference



easy to make a plurality of |aser beans |inear beans having the sane shape
on the irradiation surface. Therefore, since the sane annealing is carried
out on any irradiation surface where any |inear beamirradi ates, the whole
surface of the irradi ated body reaches to have a uniform physical property
and the throughput is enhanced. It should be noted that in the present

i nvention, although an exanple in whi-éB-three beans of |asers are used is

exenpl i fdgbral H670WHK g9 0 Se s |d.mjt.e s, and the same
kind of laser may be hot %%%Sigé%rl n?%%%eéwqi%h?}%g%etg . 5‘?&%‘?%3571];? a
pluralitygf ddferent lasers are enployed, the desired region is

irradi ated by the desired | aser, sem conductor films having different
physi cal propeyjt] r TETs having,different . properties are
prepared on the s?mﬁ{sﬁ%%%rgf%gﬁﬁbﬁﬂ?%ﬁ?o%'l ﬁ%h@%ﬂ@?&ntgyﬁ%{%i%t, an

exanpl e d | the . irradiation of the |aser beans_are carried out from
both si cfgs}:ﬂg#gct e |§i‘rlrn<'§a ia 88%@8? BsYRGY oS PPR2 §RREHFurakEer. Wi |ipe

describ lowwith reference to Fig. 5. As |asers 121a, 121b, YVO4l asers
of cont %(r%us u?oo}gg}yfal%tqjﬁﬁa]g’rg L?J“g&,a beagselEBAdEPeaMs having Hwond
hi gher t;ar non ytilizing a non-linear optical elenment. Then,

|c_-23- wave b
after tA& o 5%88&??/&%%@?:&8%3%08@'1‘% £3ce r FheteLf augsesdnepibhe ZHme r avel
via m rrorsg;LZZaE 122b, these are slantly incident with respect to the

convex [ d51 53¢ rigd Uiy B Agnasddiadden suRfadesdieqsosiny on i s
shifted lg.¥1eaar1]: gggrrnrialzxi*aoélia'lstugsh. %:%eavsvig ga étiJrsfn;ce of the irradiated bod
~ Yy
i;) reaches to have a uniform physical property and the throughput
is enhanced.

It should be noted that in the present invention, although
an example in which three beams of lasers are used is exemplified,
the number of lasers is not limited to this, and the same kind
of laser may be not used. For example, it is also possible that
a2 plurality of different lasers are employed, the desired region
is irradiated by the desired laser, semiconductor films having

different physical properties are formed and TFTs having different

properties are prepared on the same substrate.

Embodiment 3

In the present Embodiment, an example in which the
irradiation of the laser beams are carried out from both sides
of the irradiated bodyusinga pluralityof laserswill be described
below with reference to Fig. 5.

As lasers 12la, 121b, YVO.; lasers of continuous oscillation

are used, these are converted into the second higher harmonic




or the like, a linear beamcan be fornmed on the irradiation surface or in
I ts nei ghborhood. Moreover, it is desirable that an aspherical lens is
used for the convex lens. It should be noted that a beam expander between
the lasers 12l1a, 121b and the mrrors 122a, 122b or between the mrrors
122a, 122b and the convex | enses 123a, 123b is set and may be expanded
‘into the desired sizes in both of |onge3-direction and shorter direction,

' ) t I i t f th
€SP Wby BEEON Bt g U1 Bl IBLAIG e Sghen T nfeBl ALY (P
172! Ahpedt b GhE i AE300h L PRLOE AL PER QD
' di 1.0 in_the, di tion indicated with th
120 2ad o 1083l gHaTbheye | By e sotion Lo calsd Mt e

| , ' ' i tjon, the optical tem f
rumer ol So, 188, odffexSLOREoT 10 PESEOTL LIVEIL o0 L ot cal, System for

make a pluraljty.of |aser be | i near heans having the sane shape on the
irradia Pgﬁash%’%lg%@ %ﬁe?‘é%gg‘?%,bﬁé I ARETRRE IS |SUsdn @ agkd omedd she
easily E%ﬁﬁiiEEESEd iach other. Even in the case where a |aser having a

1 ower  out put® i-&*Gs i ABBBRASR 6AT IR frrmed; en Ehe-aradinlyion susfacee
“sufficiently. a ‘Rl Led according to the present Enbodiment. It should be

not ed tﬁEﬁﬁﬁF%)%l ?BQEH?°¢nV%mﬁQﬁﬁrw&¥ﬁﬁ@@ﬁi§ﬁbéﬁ$@ﬁtﬁnnsmhbgﬁGBWO beans
of lasers are used_is exenplified, the nunber of lasers is not limted to
this, an@™Fh&SdPPPErERF the convex lens.

1t should be noted that a beam expander between the lasers
12la, 121b and the mirrors 122a, 122b or between the mirrors 122a,
122b and the convex lenses 123a, 123b is set and may be expanded
into the desired sizes in both of longer direction and shorter
direction, respectively. Moreover, the mirr‘ér may not be set,
or a plurality of the mirrors may be set.

Then, while the linear beam formed in this way irradiates,
it canirradiate the desired region or whole area on the irradiated
body 104 by being relatively moved with respect to the irradiated
body 104, forexample, in the direction indicated with thereference
numeral 107 or the directions indicatedwith the reference nﬁmerals
108, 109.

Since in the present invention, the optical system for forming
the linear beam has a very simple configuration, it is easy to
make a plurality of laser beams linear beams having the same shape
on the irradiation surface. Therefore, a plurality of linear beams
can be easily superimposed each other. Even in the case where

a laser having a lower output is used depending on the irradiated



ki nds of | asers may be used. Mreover, it is capable of being carried out
that the present Enbodinent is conbined with Enbodi nent 2. 10 Enbodi nent 4
In the present Enbodi nent, an exanple in which the irradiation of the

| aser beans is carried out by utilizing a plurality of lasers and
superinposi ng these on the surface of the irradiated body wll be

descri bed below with reference to Fig246. As |asers 13la, 131b, YLF lasers
of contivw®Es 08dd r é*ﬁ?ﬁr ﬁﬁf r ird

hi gher har rm'fu c vvaveaéébghuftflalﬁl ng ‘a %%e%?&%ﬂc%eg%lgeﬁr%r# hlAn

after thanpd®spacti ve | aser beans emtted fromthe | asers 131a,. 131b are
slantly incident with respect to the convex | enses 133a, 133b. By slantly

berng, | et dentue ke R L) 50 SIS bed Rk 2y SRRLLEL L BCH, 20

asti gmat ismor t I near beam c¢an

ebhor; B efnps 8 ARG IR peolly 68 Fantt a2 SE3H b MIABte beam
1350 or e R b gs88Eh iranat AEBLERY Heohiier UL GHARPIIY onger
ot - be Y g A5 e B Wirdm frors oy be set. Then, whilo the

| i near amforrredlnthls irradi ates, it
m%reover it 1is capéﬁ%@ of being carried out that the present

Embodiment is combined with Embodiment 2.

Embodiment 4

In the present Embodiment, an example in which the
irradiation of the laser beams is carried out by utilizing a
plurality of lasers and superimposing these on the surface of
the irradiated body will be described below with reference to
Fig. 6.

As lésers 131a, 131b, YLF lasers of continuous oscillation
are used, i:hese are converted into the third higher harmonic wave
by utilizing 4 non-linear optical element. Then, after the
respective laser beams emitted from the lasers 13la, 131b are
slantly incident with respect to the convex lenses 133a, 133b.
By slantly being incident, the focal position is shifted by an
aberration such as astigmatism or the like, a linear beam can
be formed on the irradiation surface or in its neighborhood,
Moreover, it is desirable that an aspherical lens is used for
the convex lens.

It should be noted that beam expanders between the lasers




can irradiate the desired region or whole area on the irradiated body 104
by being relatively noved with respect to the irradiated body 104,
forexanple, in the direction indicatedwith the reference nuneral 107 or
the directions indicated with the reference nunerals 108, 109. Since in
the present invention, the optical systemfor formng the |inear beam has
a very sinple configuration, it is edsyto nake a plurality of |aser beans

linear bE&hs, hedingidiahes aignvaiaNeryed N8, 433! LoR SWES ﬁ.ﬁg. erlg ef ore,
a plurality of linear beans can be easily superinposed eac other .°Even in

the casexpmnded imserndadbdraa eY8EsOH; R LH %fiiﬁﬂgggpﬁgg%ggjag,gg?%ﬁg o

I rradi ated body, it is capable of being sufficiently~app

the pressdrteiarif@ition o ll t in the present invention

al t hough an exanple in which two )g‘g%?rg' 3?01}%@%?%' a%%e JSe % t@?%rfb‘?‘i:f i ed,

the numhgs «ft | aers '&Miéj}r‘gfeghéom:f_mrgrsa&\%%ége different kinds of
be

| asers may be used. reover,” al t hough Taser Sr e synt hesi zed on the

I rradi atprh SWHAEE +1f LeLHAE r:[galE{sn}/qgohlt_eseidziei;jH etl}ajtéaitvpatelfe:rehft;?eam By be f?;renﬁ?

by an optical system Moreover 'S POSS

ot hod o reeL AL e He- A A ed EORCR WE SRS A 8n WA AP hi s
i ver Coog,To Ay hangtho atiye POV MhEnaemmect foi tand sradiaind
capaci t Yody? d £ ESPeE;SQI%&Qe "inthe directionindicatedwiththereference

'\) numeral 107 or the directions indicated with the reference numerals

108, 109.

Since in the present invention, the optical system for
forming the linear be_am has a very simple configuration, it is
easy to make a plurality of .‘i.éser beams linear beams having the
same shape on the irradiation surface. Therefore, a plurality
of linear beams can be easily superimposed each other. Even in

- the case where a laser having a lower output is used depending
on the irradiatedbody, it is capable of being sufficiently applied
according to the present Embodiment. |

It should be noted that in the bresent invention, although
an example in which two beams of lasers are used is exemplified,
the number of lasers is not limited to this, and the different
kinds of lasers may be used. Moreover, although laser beams are
synthesized on the irradiation surface, after being synthesized,
a8 linear beam may be formed by an optical system.

Moreover, it is possible that the present Embodiment is

freely combined with Embodiment 2 or Embodiment 3.



is called active matrix substrate for convenience. First, a substrate 400
made from gl ass such as barium borosilicate glass or alum num borosilicate
glass is used in this enbodinment. Note that substrates such as quartz

substrates, silicon substrates, netallic substrates, and stainless steel
substrates having an insulating filmfornmed on the substrate
al so be used as the substrate 400. Further, a plastic substrate having

heat resisting properties capabl e of eagurl ng

used in this enbodi ment may al so be u$ed. Because this invention can
easi |y fEmbodihemeas beamw th a uniformenergy distribution, it is

possi bl e that annealing the

surface may

t he processing tenperatures

| arge area substrate is conduct ed effectively

by using a plarabthya of hefedackealhy MR acd RS AL AL ulde, T om an
e I or a

|nsulat|ng filmsuch as a silicon OXId

I con ni

silicon expyatidéd dgn fiHiB iedditd iy g}:sq_n%{] é‘rb%azﬁb tr;ﬁio 50 stﬁ{teknovm

met hod. A two | ayer structure Is use

enbodi negi wiildh & hay8h of oye- i oned _insu film may
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sputtering nethod

sem conduct or g EJS[E'.' Sacétyéé@:a{:éegogym%dlea from glass such as barium

)

borosilicate glass or aluminum borosilicate glass is used in thisg
embodiment. Note that substrates such as quartz substrates,
silicon substrates, metallic substrates, and stainless steel
substrates having an insulating film formed on fhe subsfrate
surface may also be used as the substrate 400. Further, aplastic
substrate having heat resisting properties capable of enduring
the processing temperatures used in this embodiment may also be
used. Because this invention can easily form a linear beam with
a uniform energy distribution, it is possible that annealing the
large area substrate is conducted effects.vely by using a plurality
of linear beams.

Next, a base film 401 made from an insulating film such
as a silicon oxide film, a silicon nitride film, or a silicon
oxynitride film is then formed on the substrate 400 by the known
method. A two layer structure is used as the base £ilm 401 in
this embodiment, but a single layer of the above-mentioned
insulating £ilm may also be used, and a structﬁre in which more

than two layers are laminated may also be used.

Then,

t he




crystallization nmethod. As the laser crystallization nmethod, the |aser
beamirradiates to the sem conductor filmby applying one of Enbodinents 1
to 4 or by freely conbining any one of Enbodinents 1 to 4. It is
preferable that a solid-state |aser of continuous oscillation or pulse
oscillation, a gas laser, or netallic laser is used. Note that, as the
solid-state |laser, there may be givem-f. YAG |laser, a YVO4 |aser, a YLF

| aser, a YAL | aser, a glass laser, a ruby |aser, an alexandrite | aser, a
Ti : sapphi re "%y, SEi¢pedpcker havershargaformesdr on Hdvee bage Helwi ven a
exci mer |aser of continuous oscillation or pulse oscillation, Ar |aser, Kr
| aser, FFL&dr aldy egppicopducker £51m i Fermetl withsarthidinessms be
given a heliumcadm um | aser, a copper vapor |aser, or a gold vapor |aser.
O cour g o208k (prefezablycdPsteal Lb2anindnbyres Homovm tmedtised afguctt her
known crystallization nethod (RTA, the thermal crystallization nmethod

usi ng a Furthgc spattezlngg methedt héheaL.PCVDshathodat and tieé habth smes iqup
nmetallic elements which pronote crystallization) may al so be conbined. The
seni condedttsrd X.i | Rheny te semdoonghator Sthmdendugsoaliiked Wy gilsgr yst al
sem conductor filmor a crystalline sem conductor film Alternatively, the
sen condumstrafliilzatimn e thabnpasndhee Tagerd wityeit 1 1ivd o thetdba an

anor phous structure such as an anorphous silicon germaniumfilm 1In this
embodi maiite, 1pksesnbe D neddialtés s el 8eh@EBhAAC RO PRAUSy HPPg18ARd i | M

with a thickness of 50 nm and then the thermal crystallization method
usi ng mens |oft Enter®inients\hiclo 4 or by freely combining any one of
iu) Embodiments 1 to 4. It is preferable that a solid-state laser
of continuous oscillation or pulse oscillation, a gas laser, or
metallic laser is used. Note that, as the solid-state laser,
there may be given a YAG 1as_er, a YVO, laser, a YLF laser, a YAlO;
laser, a glass laser, a ruby laser, an alexandrite laser, a
Ti:sapphire laser, and the like. As a the gas léser, there may
be given a excimer laser of continuous oscillation or pulse
oscillation, Ar laser, Kr laser, CO, laser, or the like. And as
thelmetallic laser, there may be given a helium cadmium laser,
a@ copper vapor laser, or a gold vapor laser. Of course, not only
the laser crystallization method but also ahy other known
crystallization method (RTA, the thermal crys.tallization method
using a furnace annealing, the thermal crystallization method
using metallic elements which promote crystallization) may also
be combined. The semiconductor film may ‘be an amorphous
semiconductor film, a microcrystal semiconductor film or a

Crys ta_lline semiconductor film, Alternatively, the

semiconductor film may be a compound semiconductor film having




pronote crystallization, and | aser crystallization nethod are wused for the
anor phous silicon film N ckel is used as a netal elenent, and is

i ntroduced onto the anorphous silicon filmby a solution coating nethod.
Then heat treatnent is conducted at 500 C for five hour, whereby obtaining
a first crystalline silicon film Subsequently, the | aser beam shot from a
continuous oscillation YYO4 | aser w t.phgout put 10 Wi s converted into the

d ' I d h
noar 15ocrpdmi o SR o ot SRRy e = REom T LR o

shown i odiments 1 thorough 4 or by the optical system conbined these
enbodi ment’s, ’ V\/nereby obtaining a second crystalline silicon film
Irradlatlngtl"ﬁ_ll ér{ebratotheflrst cr stalline silicon film and

- changi ng the f |rs 3‘7‘ NNt sDlase G Shede18cBsRd €P yRoEM I3me

silicon film.i ove the cr stallinity of the second crystalline silicon
Fiim ACTRACHS, Gk ican dhim Weh o réecmwﬁeo@pﬁefemam@dotqem Ehe M

cnR) necessary for_the energy density. The stage is relatively noved
to the fﬁk%‘?“%’eﬁﬁ@ Lirakfion Bajdhed ($ing mogol ke wlemants + Whichdi at es,

and then the crystall |ne silicon filmis forned. Wen the exciner |aser of

pul se oRHIMAG GFystalddgation s ansd efagem| e ydial Bop o mettmfiensy and

100 to 1000 /cn2 (typically, -29- 200 to 800 nj /cnR) of |aser energy

densi t y UHed Efgé’ &dthat apprBhaaaertlicon ablm hedthakel be used| appedidhalso to

98 % O course, although a TFT can be formed by using the first

cr yst al 9hfeqY.| @i s fntinodusest eindratiihe tawtrptionss ecidridorc jsivaldy ne
licon filmis used to formthe TFT since the second

\ a solution coating method. Then heat treatment is conducted at

500 °C for five hour, whereby obtaininga first crystalline silicon
fi;m. Subsequently, the laser beam shot from a continuous
oscillation YV0O, laser with output 10 W is converted into the
second higher harmonic wave by a nonlinear optical element and
then a linear laser beam is formed and irradiated by one of the
optical system shown in Embodiments 1 thorough 4 or by the optical
system combined these embodiments, whereby obtaining a second
crystalline siliconfilm. Irradiating the laserbeamto the first
crystalline silicon £ilm, and Changing the first cfystalline
silicon film to the second crystalline silicon film improve the
crystallinity of the second crystalline silicon film. At this
moment, about 0.01 to 100 MW/cm® (preferably 0.1 to 10 MW/ cm?)
is necessary for the energy density. The stage is relatively
moved to the laser beam at a speed of about 0.5 to 2000 cn/s,
and it irradiates, and then the crystalline silicon film is formed.
When the excimer laser of pulse oscillation is used, it is

pPreferable that 300 Hz of frequencyand100to 1000mj /cm® (typically,




crystalline silicon filmhas an inproved crystallinity and electric
characteristics of TFT are inproved. For instance, although, when TFT is
formed by using the first crystalline silicon film a mobility is al nost
300 cn2/Vs, when TFT is formed by using the second crystalline silicon
film the nobility is extrenely inproved with about 500 to 600 cnR/Vs. The
sem conductor |ayers 402 to 406 are fepsed by performng patterning

[ bai ' ductor filmb I t
R TN o (L O L L -
I t h h f d aft f ' th
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A gate insul gtf ng film 4g7 is fornmed next, covering the sem conductor
layers 402 t OT46BYT$Re Bhthopghk 2 FEThGan be fovmedsby dising henfimsdul at i ng
fiIn1containin%_silicpn,mﬁth a_thickness _of 40 to 150 nm using plasma CVD
or sput CE¥PRGLIARE: FiligAndfidm:, 1ta k5| PEefesapapt rihit fthen Seond a film
thickness of 110 nmis formed by plasma CVD nethod. The gate insulating
CfilmisCo¥stadidee Hbliconifidan i5 wsed Hacsarexhe METdeinee Mjheaseconter
insulating films containing silicon may be used in a single layer or in a
| ami nat FEESERLdener €1li3n Fhilimehad fan dmprovedoxéxipstalbinktysedd it can
be fornmed by plasma CVD nethod with a mixture of TECS (Tetraet hyl
C}thosiPﬂ@§¥§}caﬁbaG@PtﬁﬁiahﬂgﬁndﬁNTRWezsurémpfo#edPa,Fmrtmnshanceubstrate
tenperature set from 300 to 4009C, .and by discharging at a high frequency
(13. 56 #iEhoapbewhan Polds fmmed byafsihibthe first crystalline silicon

\) £ilm, a mobility is almost 300 cm"/Vs, when TFT is formed by using
the second crystalline silicon film, the mobility is extremely
improved with about 500 to 600 cm?/Vs.

The semiconductor layers 402 to 406 are formed by performing
patterning processingon thus obtained semiconductor £ilm by using
the photolithography method.

Doping of a very small amount of an impufity element (boron
or phosphorous) may be performed after forming the semiconductor
layers 402 to 406 in order to control a TFT threshold value.

A gate insulating film 407 is formed next, covering the
semiconductor layers 402 to 406. The gate insulating film 407
is formed by an insulating film containingsiliconwith a thickness
of 40 to 150 nmusing plasma CVD ox sputtering. Inthisembodiment,

.a silicon oxynitride film having a film thickness of 110 nm is
formed by plasma CVDmethod. The gate insulating £ilm is of course
not limited to a silicon oxynitride film, and other insulating
films containing silicon may be used in a single layer or in a

lamination structure.




to 0. 8 WCM CGood characteristics as a gate insulating f ilmcan be
obt ai ned by subsequently perform ng thermal annealing, at between 400 and
5009C, of the silicon oxide filmthus manufactured. A first conductive film
408 having a filmthickness of 20 to 100 nm and a second conductive film
409 having a filmthickness of 100 to 400 nmare then formed and | am nat ed
on the gate insulating film407. The-figrst conductive film 408, nade from

a TaN film haguj fislam.t hi ckness of . 3Q.. and the second, conductive
film 409, rra?éﬂ’#l%%%'a ’\ﬁ]f’i %#h‘é% RS %ﬂ{’q AfcRFRd s 3df cgroPRMKozRed f or ned
and | amat .0 this.enbodi nent.. The TaN filmis formed by sputtering,
and sputﬂt&zr ?’%S‘So ab?g t"%ﬁ’tg'écfngi YLEL £ By TS, of) { TBEEn (Reigamidrel
Further,.the Wf.ilm.:-is rmed by sputtering using a Wtarget. In :

addi ti or?ltﬁ°es’v§7’f‘f"ﬁﬁ’c§r?‘;a?’so e % BPAEYLOBYPTREFNES TV/ABRRAJE thithe

tungst en VWi chever is used, it is necessary to be able

exafl.uori de (WF6).
to make %“%esxﬁﬁﬁ‘%ﬁ tﬁ&@&ﬁ'@ﬁ Fedi EFamci0® it A982C, oand Y dissha ngireg

el ectrogﬁf nd it is preferable that the resistivity of the Wfilmbe nmade
less th ?og’éﬂh a3 -Hfudlz he¥egtric @anest idensitymofO® s TaN

and the segond conductive film409 is Win this enbodinment, there are no
par t i cult® Or P HAS |- onSopiaharantents thee ast Avgate LmsnlasdingThel icest
conductive film 408 and the second conductive film409 nmay al so be forned
from an P& QRERINGS &Y ewbsemvenblyr pepformaspsthegmal FapeWiifig, My Al
Cu, Cr, and Nd, or froman alloy material having one of these elenents as
its nai ReEHESN 40RANA 5UHRG r ofthectithicat oxddpaiiion thut hanefelcenmeids.
‘Forther, a.
\@ A first conductive film 408 having a film thickness of
20to 100 nm, and a second conductive £ilm 409 havinga filmthickness
0f 100 to 400 nm are then formed and laminated on the gate insulating
film 407. The first conductive film 408, made from a TaN film
having a £ilm thickness of 30 nm, and the second conductive £ilm
409, made from a W film having a film thickness of 370 nm, are
formed and laminated in this embodiment. The TaN £ilm is formed
by sputtering, and sputtering of a Ta target is performed in a
nitrogen atmosphere. Further, the W film is formed by sputtering
using a W target. In addition, the W film can also be formed
by thermal CVD method using tungsten hexafluoride (WFg).
Whichever is used, it is necessary to be able to make the film
become low resistance in order to use it as a gate electrode,
and it is preferable that the resistivity of the W £ilm be made
less than 20pQcm.

Note that although the first conductive f£ilm 408 is TaN

and the second conductive £ilm 409 is W in this embodiment, there

are no particular limitations placed on the conductive films.




sem conductor film typically a polycrystalline crystalline silicon film
into which an inpurity el enment such as phosphorous is doped may al so be
used, as nay an AgPdCu alloy. J Masks 410 to 415 are fornmed next from
resi st using a photolithography nethod, and a first etching process is
performed in order to formelectrodes and wirings. The first etching
processing is perfornmed in accordance-3d+hfirst and secondet chi ng

diti = .1 CP. (] tively Coupl Pl t chi t hod
o sed T2 £TkEr Slaucly S el 408 ol the SR PhETRC L ReGRbIRiAGA o of
CF4, C1 02 i d t chi . th fl t t ot
o5 1 ogay H1e8 bS ¥3Enedt A & Aot 'siedRy et byheusmomG A |
500 WRE 8‘[153' 6 _VHz 'Fl ecﬁfri G ﬁower to a coil shgpe el ectrode at a
pressur &P PEI Ghd @t dhi Ag- 18- ek £ GhelT - 2REAdY RE frOMSER ALY

electric power .is _also applied to the substrate side (sanple stage),
t her eby “E%ﬁ?ﬂia&g AVILGHORENPT at PSR eRbeNeRt S A9 -HisnPais cogstitvent.filmis
etched under the first etching conditions, and the edge portion of the
first cOXdIHMMedl Shemicalmanpouns qof afdese sigrentrhe eFehthgrcomrditions
are changed to a second etching condition wthout renoving the masks 410
to 415 FRAGCOPILSdony filmgasyRigaelly ¢f BFUvenvsGillime useysisldinet chi ng
gas, the gas -32 flowrates are set to 30 : 30 (sccm), respectively, a

pl asma Féligencthlmd IRtmppighngn drg00rWRE Len@n56stbl Jas phosphorpaser t o
a coil shape electrode at a pressure of | Pa, and etching is perforned for
appr oxi At @ppegomagc 8d¢9. ba W eW,RA S tdys GrViAgPd e etlicy . power is al so
é@ﬂppl ied to the substrate side (sanple stage), thereby

I Masks 410 to 415 are formed next from resist using a

photolithography method, and a first etching process is performed
in order to form electrodes and wirings. The first etching

processingis performed inaccordancewithfirst and second etching

conditions (Fig.8B). AnICP '( Inductively Coupled Plasma)' etching
method is used as a first etching condition in this embodiment.
'A gas mixture of CF;, Cl,, and O, is used as an etching gas, the
gas flow rates are set to 25 : 25 : 10 (sccm), respectively, a

plasma is generated by supplying a 500 WRF (13.56 MHz) electric

| ;
e

power to a coil shape electrode at a pressure of 1 Pa, and etching
isperformed. A150WRF (13.56 MHz) electric power is als.o.applied
to the substrate side (sample stage.) ., thereby applying a
substantially negative self-bias voltage. The W £ilm is etched
under the fifst etching conditions, and the edge portion of the
first conductive layer is made into a tapered shape.

The etching conditions are changed to a second etching
condition without removing the masks 410 to 415 made of resist.

A gas mixture of CF; and Cl; is used as an etching gas, the gas



applying a substantially negative self-bias voltage. The Wfilm and the
TaN filmare both etched by on the sane order by the second etching
conditions using the gas m xture of CF4 and Cl2. Note that the etching
time may be increased on the order of 10 to 20% in order to perform
etching such that no residue remains on the gate insulating film Edge
portions of the first conductive | ayer3and the second conductive |ayer are
made into a tapered sha ¢ i n accordance with the effect of a_ bias voltage,
appl i ed T ﬁépﬁa?oéFPaFE sFae30 py 30 dgicsE -hEesRgpEdveLyLha PEasEE Imsks
suitable with th above-nmentioned first etching condition. The angl e of
the t ap&eé%Frf’&cﬁff ith SARL Fingmal 5000 WABE. (iE3r 8F MHapeelentuieiRewenyia s 417
to 422 (first conductive layers 417a to 422a, and second conductive |ayers
417b t o %225} shrperpciradnat pngmaswrd of dPacantletthéngligpart amed he
second conductive |ayers by the first etching process . Reference nuneral
416 dendi®®s apRFFEnRABtIhE$eonds and rAdyioRF (i@ . SoMHzd dledtheid i r st
shape conductive layers 417 to 422 becone thinner by approximtely 20 to
50 nm t MAEFH e AP SQRPDPA isdcmtihe subistg aiecciades ( samp he s tpeel)oruted-akiyt hout
renoving the masks nade of resist (Fig. 8C . Here, Wfilmis selectively
et ched BpPRIsting €BubgdiantitmtlP 2 efgart iMeesel £hbhgsgasltae I hiThe BF4iIni ne,

t he second conductive |ayers 428b to 433b are formed by the second etching
pr ocess .andhthadait fiédmhamnel botthee fched bycondilod bumel Gydés bAl¥Retdbcbidp are
hardly etched and the second shape conductive |layers 428 to 433 are

f or med. eAdhingt cehaydirth omsoaesing tHehepaarisuRd off tdFRQUERBEERDY| NGiote

:\) that the etching time may be increased on the order of 10 to 20%
in order to perform etching such that no residue remains on the
gate insulating film.

Edge portions of the first conductive layer and the second
conductive layer are made into a tapered shape in accordance with
the effect of a bias voltage, applied to the substrate side, by
making the shapes of the resist masks suitable with the
above-mehtioned firstetchingcondition. The angle of the tapered

portions is from 15 to 452. First shape conductive layers 417

N’

to 422 (first conductive layers 417a to 422a, and second conductive
1aYers 417b to 422‘b) are thus formed £rom the first conductive
layers and the second conductive layers by the first etchingprocess.
Reference numeral 416 denotes a gate insulating £ilm, and regions
not covered by the first shape conductive layers 417 to 422 become
thinner by approximately 20 to 50 nm through etching.

A second etching process is then performed without removing
the masks made of resist (Fig. 8C). Here, W film is selectively

etched by using CF4, Cl,, and O, for the etching gas. At this




t he masks nmade of resist and the sem conductor |ayer is added to the

i mpurity elenent which inparts n- type at a | ow concentration. The doping
process may be performed by ion doping nethod or ion injection nethod. |on
doping is performed with process conditions in which the dosage is set
from1l x 1013 to 5 x 1014 /cnR2, and the acceleration voltage is set
between 40 to 80 keV. Doping is perfargged in this enbodinent with the

dosage set éot?h ‘ 0%% [co®,  and ijhe acceleration voltage set to 60 keV.
An eIenéﬁ?n e 6%d%?é? ??ﬂﬁ%&%ﬁﬁpl.?Y?ﬁﬁigaﬁgytﬁh6§§ﬁoﬁﬁﬁsf?¥we@rbﬁrsenic
(As) is e?d53§ ga iqp rity element which inparts n-type. Phosphorous (P)
i s used here”“FR"hi% t RECEBAGuct iV Fhperdthermghand43fhect fiEstmsks
W th rescipoec to the inpuri té el ement which inparts n-type conductivity,
and the Gtyre gﬁygﬁ.—ss A33a §04%72a %8 thi ek cheseppdathgnsegom@nner .
The inpurity elenent which inparts n-type is added to the inpurity regions
423 to APPER CORAUGIAVR rtRYRRS | 424 ?fanggBoarg %ozmed.to 1 x 1020 /cnsB.
Next, after rempving the masks made of resist, new masks 434a to 434c nmde
of resist ard fdifed JoRiRa PEOSESSNdsdbhengpepforeed witipent oremaivimg hi gher
accel eration voltage than the first doping process. lon doping is
per f or nedeMAFKST edlss afordigiisghand rtivhissmidmndiosage Iayeetid radddd x 101
to 1 x 1015 /cn®, and the -34- acceleration voltage is set between 60 to
1120 keVtorHe ¥BPIELY glemend vhigleihpamid nbytype aiga Lbe camment monichict | ve
| ayers 428b to 432b as nmasks and the semi conductor |ayer under the tapered
~portionTée 8apipgrBrocessumay e Ipemformeddied onodbpengmetthéd of!lsrent .
ﬁBnti nuously the acceleration voltage is |owered than
“ injectionmethod. Iondopingisperformedwithprocess conditions
in which the dosage is set from 1 x 10 to 5 x 10** /cm?, and the
acceleration voltage is set between 40 to 80 keV. Doping is
performed in this embodiment with the dosage set to 1.5 x 10%3
/em?, and the acceleration voltage set to 60 keV. An element
belonging to the group 15, typically phosphorous (P) or arsenic
(As) is used as an impurity element which imparts n-type.
Phosphorous (P) is used here. 1In this case the conductive layers
428 to 433 act as masks with respect to the impurity element which
imparts n-type conductivity, and the impurity regions 423 to 427
are formed in a self-aligning manner. The impurity element which
imparts n-type is added to the impurity regions 423 to 427 at
a concentration in a range of 1 x 10 to 1 x 10%2° /cm®.

Next, after removing the masks made of resist, new masks
434a to 434c made of resist are formed, and the second doping
process is performed in higher acceleration voltage than the first

doping process. Ion doping is performed with process conditions

in which the dosage is set from 1 x 10* to 1 x 10*® /cm?, and the



t he second dopi ng process, the third doping process is done, and the state
of Fig. 9A is obtained. lon doping nmethod is performed wth process '
conditions in which the dosage is set from1l x 1015 to I X 1017 /CWM , and
the acceleration voltage is set between 50 to 100 keV. Low concentration

I mpurity regions 436, 442 and 448 overlapping with the first conductive

| ayer are added to the inpurity el eneBf- which inparts n-type within the

o1 0gess 2 SRETHE T KRS, Dbt SR b SBong NP A | I HRRATG

regi ons 435, 441, é %g a 7 are added to the i rity element, which

i nparts -1ype vjj\'ﬁst é%fﬁ el ang S otnd HE S &R ngéugtige Llagens gy,

/ C\VR. (jtéxﬁﬂﬁ%?a thg gcong gggin Erocess and.the third doping process
can be one-tine JoprRg pibee SS%V HERAHGLPT 1@ver sunder| the dansradt i on
vol t age %pqﬁkg i% %bgo gossible to formthe low concentration inpurity
regi on &d Hi%Gh SFohCEnfraEtofiorApative laggrohs added e tthe rdamvidy t he
masks made of resist, new masks 450a to 450c nmade fromresist are fornmed
and t he ‘dofPRYINBPYELTthE greeleration yoltiage Legloweradtharbd, 459
and 460, to which an inpurity el ement which inparting a conductivity type
-35- opp®& FECPBAdeRing nupsesfoy dhenthisddlening pDrocess s dowed andr e
formed in accordance with the fourth doping process in the sen conductor
filnms wiPenshbete Rt §dgi-\R2 lig/ebtadnedhe pouliopigiy meyhodTET perFrameet ond
conductive layers 429b to 432b are used as masks with respect to the

i mpur i t YidheREACeSENgoR@Lt hpusity which the dosage is set from 1 x 10%°

{:) to 1 x 10" /cm®, and the acceleration voltage is set between 50

to 100 keV. Low concentration impurity regions 436, 442 and 448
overlapping with the first conductive layer are added to the
impurity element, which imparts n-type within the range of the
density of 1 x 10" to 5 x 10" /cm? by the second doping process

and the third doping process and high concentration impurity
regions 435, 441, 444 and 447 are added to the impurity element,
which imparts n-type within the range of the density of 1 x 10

to 5 x 10* /em®.

Of course, the second doping process and the third doping
process can be one-time doping processes by making it to a suitable
acceleration voltage and it is also possible to form the low
concentration impurity region and high concentration impurity
region.

Next, after remdving the masks made of resist, new masks
450a to 450c made from resist are formed and the fourth doping

process is performed. Impurity regions 453, 454, 459 and 460,

to which an impurity element which imparting a conductivity type




el ement which inparts p-type conductivity is added to formthe inpurity
regions in a self-aligning manner. The inpurity regions 453, 454, 459 and
460 are formed by ion doping nmethod. using. diborane (B2H6) in this

enbodi mrent (Fig. 9B). The sem conductor layers for form ng the n-channel
type TFT are covered with the masks 450a to 450c nade of resist when the
fourth doping process is perforned. RRgsphorous is added at different

concent g af | ipto ége ' rity regions 439 and 447 by the first to third
dopi ng %ggggeg$ B v%#?P%9 ﬁé?VSrﬁPﬁgcaBﬂ?ﬁblgﬁEﬁ thee ipeadded,
concentratipn of _the inpurity el ement which inparts p-type conductivity
becorreséf?o qmed 13619?“%%’?%3/%2&1.% dhe &epnth drpingeppeeesgeireens, no
probl ens devel§$ %n king the regions function as source regions and
drai n rayroRtierc ?f’ér%]d‘i‘?al‘ﬁ]i’éicm besemeractivie kawnrs of thgi prchaneel hus
formed jn the respective semnm conductor |ayers by the steps up through this
poi nt . WF? rEE TS nt dheyFecanss gorGusd iviel daxersi ¢2Pbr red432kt anétesed
removing the masks 450a to 450c made of resist. This first interlayer
i nsul at#HPFFHE gk icespadtedo the dmpurdtyaelayeht| nandomb aimpuri sy | i con,
having a thickness of 100 to 200 nm by using plasma CVD nmethod or
sput t er¢Hyrert HEuLcy iginarioh ooty doaducdaviftivi hshadided aot hoekness of 150
nmis formed by plasma CVD nmethod in this enbodinment. The first interlayer
i nsul at}mPFltnregionssing sedfi-sel igiing mahedrt 0 Pheiihpont tooyagidnge film
and other insulating filnms containing silicon may al so be used, as a
si ngl e 43hyéb4ord 5P andid6dtammEstrmedtby ton doping method using diborane
,) {B:Hg) in this embodiment (Fig. 9B). The semiconductor layers
for forming the n-channel type TFT are covered with the masks
450a to 450c made of resist when the fourth doping process is
performed. Phosphorous isaddedat different concentrations into
the impurity regions 439 and 447 by the first to third doping
processes. However, by performing doping such that the
concentration of the impurity element which imparts p-type
conductivity becomes from 1 x 10" to 5 x 102! atoms/cm® in the
respective regions, no problems develop in making the regions
function as source regions and drain regions of the p-channel
type TFT.

The impurity regions are thus formed in the respective
semiconductor layers by the steps up through this point.

A first interlayer insulating film 461 is formed next after
removing the masks 450a to 450c made of resist. This first
interlayer insulating £ilm 461 is formed from an insulating f£ilm

containing silicon, having a thickness of 100 to 200 nm, by using

plasma CVD method or sputtering method. A silicon oxynitride




Subsequently, a recovery of the crystallinity of the seniconductor |ayer
and an activation of the inpurity elenents added to the respective

sem conductor |ayers are performed by irradiating the |aser beam as shown
in Fig. 9C. As the laser activation, the |aser beamirradiates to the

sem conductor film by applying one of Enbodinents | to 4 or bi freely
conbining with these enbodi ments. It “3preferable that a solid-state

I ; ' j ti I i.ll ati_on, ,
rotal | o B AL ERORERELE 0PN 8 fh RY £5rREE ey el VERHESEL, be
[ Y, ti i fi R L | ti ,
Noq 1 acit TAEE FimfoanbRT | MRS ORI Mool | Sndi SEuAGELAULT 0
I drite Ti: hj I dt | j ke. As th I ,
ther o e ©F SPBEeeindL A BRAY 55 p' S0 sof Nt nlds 5. ondrothese
illaty I Ki r, C02. | , the |Iike. And th
rotal | drrskating s font 8281 ha e L1 BRvales Be Pasdr ShasHEle vapor
| aser, a gold vapor,laser. At this nmonent, if a continuous oscillation
| aser i gaﬂ% ,°’éb%3fa‘b’:ﬁt%%n 196 REFERR- (preferably 0.1 to 10 MV CMR) is

necessary for_the ener density of |aser ~beam The substrate J s
rel atively movERFEFPEHELY asér FREAVEFY #Lpehe srysdsilinity oofodthenm s.

And, if a pulse oscillation -37- laser is used, it is preferable that 300
Hz of fr%d'ﬁ’é?&‘}ﬂ%’ip%daw fodoany activatippi efl the BwuiEPEIMuaND) of

| aser energy density are used. At this nonent, |aser beam may be

over | apfifias, 5y they gwmpagdsiviee Samieondunicnt | Jayens o perfomedibieal i ng
@t hod or rapid thermal annealing nethod (RTA nethod) and the |ike can

: irradiating the laser beam, as shown in Fig. 9C. As the laser

activation, the laser beam irradiates to the semiconductor £ilm |
by applying one of Embodiments 1 to 4 or by freely combining with
these embodiments. It is preferable that a solid-state laser
of a continuous oscillation or a pulse oscillation, a gas laser,
or metallic laser is used. Note that, as the solid-state laser,
there may be given a YAG laser of a continuous oscillation or
a pulse oscillation, a YVO, laser, a YLF laser, a YAl10; laser,
a glass laser, a ruby laser, an alexandrite laser, a Ti: sapphire
laser, and t_he like. As a the gas laser, there may be given a
éxcimer laser of continuous oscillation or pulse oscillation,
Ar laser, Kr laser, CO, laser, or the like. And as the metallic
laser, there may be given a helium cadmium laser, a copper vapor
laser, or a gold vapor laser. At this moment, if a continuous
oscillation laser is used, about 0.01 to 100 MW/cm? (preferably
0.1 to 10 MW/ cm®) is necessary for the energy density of laser
beam. The substrate is relatively moved to the laser beam at

a speed of about 0.5 to 2000 cm/s. And, if a pulse oscillation



be applied. Further, the activation nmay al so be perforned before the
formation of a first interlayer insulating film However, if the wiring
material used is weak with respect to heat, then it |Is preferable to
performthe activation processing after form.-ng an interlayer insulating
film(an insulating filmhaving silicon as its main constituent, for
exarrple a silicon nitride film in ordgr_to protect the wirings and the .

i ke, di, nt hea nment can al so be perfornmed
(at 300 %*‘Q%%E”o%“ o‘f-l g EPL R SIS N A R A g
hydroge cess. 1S aone of termnating dangling bonds in the
sem congﬁ%’:t %;60 éy%‘aﬂ)tgn SOote 208w W“%HI ‘?Fg?-ﬁﬁe%" ,qn@(r gy dersityer

i nsul ati n 46#\ sem conductor | ayers can be hydrogenat ed whet her
or not t% f‘f‘?‘g‘][l ter'il]'é?y?er'“‘?’?%‘ﬁ?atlﬂﬁerf eamanngtRe oyexhaprkgdrbyedati on

(using h rs n ex0|ted a plasma) , and a heat treatnent f or 1 to 12
hours att@? %"rrpe Pssddes S%an§a43@@@l¢1ﬁh% sShesnphanaesdiing me tigod
hydrogen of from3 to 100% may al so be perforned as other neans of

hydr oger iTGPIEEbSERn enpead inscoathpdt ERTAyRs thodllamd mhef Likeddan made
from an | norganic_lnsulating filmmterial or froman organic insulating
mat eri alP$ CARYIRA- on the first i nterlayer insulating -38- film461. An
acrylic resin filmhaving a filmthickness of 1.6 pmis fornmed in this
enbodi ment, dEFERRr nuthe i a¢tivetionymanvalsa vé spexsiéyméd defldré otHHO0 cp,
preferably between 40 to 200 cp. A material in which unevenness is forned
on its SigFRaleion el firsbrieterbapervensubating feihectHersvdie surf ace

S a pi Xtelle wiring material used is weak with respect to heat, then it
is preferable to perform the éctivation processing after forming
an interlayer insulating film (an insulating £ilm having silicon
as its main constituent, for example a silicon nitride £ilm) in
order to protect the wirings and the like, as in this embodiment.

Then, a heat treatment can also be performed (at 300 to 5502C
for 1to 12 hours) and it is possible to conduct a hydrogenation.
This process is one of terminating dangling bonds in the

- semiconductor layers by hydrogen contained within the first
interlayer insulating film 461. The semiconductor layers ‘can
be hydrogenated whether or not the first interlayer insulating
film exists. Plasma hjrdrogenation (using hydrogen excited by
‘a plasma), and a heat treatment for 1 to 12 hours at a temperature
of 300 to 4502C in an atmosphere containing hydrogen of from 3
to 100% may also be performed as other means of hydrogenation.

Subsequently, a second interlayer insulating £film 462 made

from an inorganic insulating film material or from an organic

insulating materiaJ. is formed on the first interlayer insulating



el ectrode is nmade uneven by formng a second interlayer insulating film
whi ch forns an uneven surface in this enbodinent. Further, the pixel

el ectrode surface can be nade to be uneven and have |ight scattering
characteristics, and therefore a convex portion ray also be fornmed in a
regi on bel ow the pixel electrode. The formation of the convex portion can
be perfornmed by the same photomask asaghat for forming the TFTs, and
‘thereforg,jt n formed wi thout increasing the nunber of process steps.

Lk 8500 AT

Note thi Forriorsty L1486 BaVEBEnAd ahProptFeRess o LtKe
substrate .of _the gixel portion region except the wirings and TFTs. In this
way, unBUehficterned (5 tids pmpréimgntacangs thednatseiakiugad swy haveng t he
unevenness, forned in the surface of the insulating film which covers the
convex PoftToRSLWY iH9R HQERGLA0P sry PRefexradliapeiwesn)é0 ke ®0fs cphe
second interlayer insulating film462. In this case, it is preferable
that th® RBatentdl jd whdehynaeeanpgsaniadiramest opeitssaehface ds kgedn
sandbl asting_process or etching process to prevent mrror reflection, and
t her eby i ncr éBFRFIEP e en thpistarieef Ivptiwi ) sbecsitfage of\W pimgd 463 to
467 for electrically connecting respective inpurity regions are then
formed fheatapfiods nade yneveoshy Rormingoa sehendaid tew Tageminbulamtahga Ti
filmhaving a thickness of 50 nm and an alloy film (an alloy of A and Ti)
havi ng &iimivdwisfogms SOMnevers spatfiaeentd thioetbodimentr.m Fhethieri, ngs. O
course, it is not limted to the two-layer structure, the single-Ilayer
st ruct ukkeopixed ¢bhethutdenssrfaceucannbeemhliantbhbeeuhayensandyhave
:L) light scattering characteristics, and therefore a convex portion
may also be formed in a region below the pixel electrode. The
formation of the convex portion can be performed by the same
photomask as that for forming the TFTs, and therefore it can be
formed without increasing the number of process steps. Note that
the convexportionmayalsobe formedappropriatelyonthe substrate
of the pixel portion region except the wirings and TFTs. 1In this
way, unevenness is formed in the surface of the pixel electrode
along the unevenness formed in the surface of the insulating £ilm
which covers the convex portion.

A film having a level surface may also be used as the second
interlayer insulating £ilm 462. 1In this case, it is preferable
that the surface be made uneven by an added process such as a
known sandblasting process or etching process to prevent mirror

reflection, and thereby increasing whiteness by scattering

reflected light.
Wirings 463 to 467 for electrically connecting respective

impurity regions are then formed in a driver circuit 506. Note




al so be acceptable. Further, Al and Ti are not linmted to the wring
material. For exanple, Al and Cu are fornmed on TaNf ilm and the

|am nation filmformng the Ti filmis forned by the patterning and form
wiring Fig. 10). Further, a pixel electrode 470, a gate wiring 469, and a
connection el ectrode 468 are forned in a pixel portion 507. An electrical
connection is formed with the pixel TFB9%nd the source wiring by the

commect | ameleauhads ABh B DSy 415 SRS ALY (ARR R B S0l o
170 Tor B aE At sdlp FARNEELLOTMAD AERdnoh sl 2nid oL LR, el
sert cond oin APYBLCASE M) 6 LURSLIBne S, oG el e (ormirg 3 storase

reflectingty, such.as.a.fil avingAl. orAg as its main constituent, or a
| ami nat il\édn% P%%otrh%?fﬁdf #Pﬂtﬁeagw heaBeX ef LBrekErQ dcthey ¢ Lngdees-aver ui t
conposed t(;_]‘%a:n-channﬁlé 'EFT 501 and ap-channel TFT 502, a driver circuit
506 havig S H-CRENTRE LARnREion sructars nere jdan shrsgrlageragnay pi xel
TFT 504 and ﬁ’s_toraege apacitor 505 can thus be forned on the sane

subst r afe:3orRE FCCRPE -i xFutktiBern apd pudt Rlsazempetinited-toHhe
n-channel., TFT 501 of the driver circuit 506 has: a channel form ng region
437; t h& Y IRTBAEERLRAL | ORo¥ MtAmRle ; ddi 6RA436 axeGBoDmedgon faNfidm,
overlaps with the first conductive |ayer 428a that structures a portion of
the gat 808 dbe J@@ingidamhd himHforpieanthat TonEilpuist foregidobyd Thenhi ch
Annctions as a source '

{ patterning and form wiring (Fig. 10).

Further, a pixel electrode 470, a gate wiring 469, and a
connection electrode 468 are formed in a pixel portion 507. An
electrical connection is formed with the pixel TFT and the source

. wiring by the connection electrode 468. Further, the gate wiring
469 forms an electrical connection with the gate electrode of
the pixel TFT. The pixel electrode 470 forms an electrical
connection with the drain region 444 of the pixel TFT, and in
addition, forms an electrical connection with the semiconductor
layer 459 which functions as one electrode forming a storage
capacitor. It is preferable to use a material having superior
reflectivity, suchasa filmhavingAlorAgas itsmainconstituent,
or a lamination film of such films, as the pixel electrode 470.

ACMOS circuit composed of an-channel TFT 50-1 and a p-channel
TFT 502, a driver circuit 506 having an n-channel TFT 503, and
‘the pixel poition 507 having a pixel TFT 504 and a storage capacitor
505 can thus be formed on the same substrate. The active matrix

substrate is thus completed.




region or a drain region. The p-channel TFT 502, which forns the CMOS
circuit with the n-channel TFT 501 and the electrode 466 by an el ectrical
connection has: a channel formng region 455; the | ow concentration
impurity region 454; and the inpurity region 453 in which the inmpurity .

el enments inparting n-type and p-type are introduced. Further, the
n-channel TFT 503 has: a channel formffAg regi on 443; the | ow concentration

i mpurity regi 4 |.on i ¢ch,overl.aps. .w he first conductive
| ayer 430a that" s%%ﬁ%gg&gﬂ%]g#i% @FlYﬁE cdﬂ‘}tjcé“g %gf é;agﬁﬂnflﬁ& hi gh
concent rat | | npurity [ 441 which functi.ons .,as a _source_ region or a
drain r Eoraano, RS op! aSTH e, Top SracentEn tiGn AORURALY Ze0RSRNARS

orm ng (%ﬁg'on 4.4 6. tth%OW/concentration inmpurity region 4 4 5 %LDD

r egi on) PRI PR ChoEeRlans Wid fhed W cPRguctivg tanenigha
concentration inEurity regi on 458 which functions as a source region or a
drain réﬁpgnstﬁﬂ tHERS anPPREdPR: PLetbpematenpdrctrmgsrt @nd theehdsh an
impurity el ement which inparts p-type are added to the sem conductor |ayer
whi ch f GREFPBRSaZdopndmprEityogegion #Re yhichgfupgtiensorsses5sounegest or age
capacitor 505 conprises an electrode (lam nation of 432a and 432b) and the
seni conYBEL8R OFapefragnt Fegheni-nsThat PnghannelATBT A8t i whiinl &orms
dielectric. -41- Edge portions of the pixel electrodes are disposed so as
to over thp GMPH sduFeétwithgthsushchhnnedaBEThEe0heendt ihepelettrolect r odes
shield the light, without using a black matrix, with the pixel structure
of thi s48fbBYI ABnelenbriippdr conneatéodi hgsamnothaheepi fekmpogt regioh t he

@t Ve 455; the low concentration impurity region 454; and the impurity
region 453 in which the impur'ity elements imparting n-type and
p-type are introduced. Further, the n-channel TFT 503 has: a
channel forming region 443; the low concentration impurity region
442 (GOLD region) which overlaps with the first conductive layer
430a that structures a portion of the gate electrode; and the
high concentration impurity region 441 which functions as a source

-region or a drain region.
The pixel TFT 504 of the pixel éortion has: a channel forming
v region 446; the low concentration impurity region 445 (LDD region)
formed on the outside of the gate electrﬁde; and the high
concentration impurii:y region 458 which functions as a source
region or a drain region. Further, an impurity element which
imparts n-type and an impurity element which imparts p-type are
added to the semiconductor layer which functions as one electrode
of the storage capacitor 505. The storage capacitor 505 comprises
an electrode (lamination of 432a and 432b) and the semiconductor

layer, with the insulating £ilm 416 functioning as a dielectric.




matri x substrate manufactured in this enbodinent is shown in Fig. 11. Note
that the sane reference synbols are used for portions corresponding to
those in Figs. 8 to 11. Achainline A-A" in Fig. 10 corresponds to a
cross sectional diagramcut along a chain line AAA within Fig. 11.
Further, a chain line B-B' in Fig. 10 corresponds to a cross secti onal

di agram cut along a chain ‘line B-B whhin Fig. 11. Enbodi ment 6 A process

of manuf act ury i O e liquid crystal displLay devjce fromthe
active matri xﬁgg%ggé%%%g%nﬁfa%g%r%ﬁx?ﬁ ejéﬂ%%ﬁ?%%ﬁta%ei 1%94?)?%1‘%‘@?1 el ow in
this e i lg..12 is used in the explanation, An active nmatrix
subst rﬁgioﬁﬁlea psf"'gttg 8PUEFE. wiEingsruch 1Pl'tﬁﬁ Sabsq befveeBorha Riesed t h
Enbodi ne ori.entarion film 567 is then fornmed on at |east the pixel
el ectr oaeg%%f‘?a)é:est ﬁé’l&@}g itg‘g haghtx ClhbRevphiesitg | §lack makuiy. Mk ng
process ,.s dﬁfrforned. Note that, before formng the orientation film 567
in this BH&AFRhSTF IR oty evbofdimentred in desired positions by
patterning an organic resin film such as an acrylic resin filmand the
like, in ordd® ngﬁ‘éﬁ fuaface ¢baorem wfeithespixelpnniziars ofFthe ltive
spherical spacers may also be distributed over the entire surface of the
subst r afP sl ¥ sYRpsrptamanefaehered dnubthbs enbaskhmen tAhs sipowi hg Bighst r at e
569 is prepared next. Coloring layers 570 and 571, and a leveling film 573
are therd¥-or Nedeobhbaketlop prane Fefautsyigasymdeds @re usddchdomontleer 570

and a bl ue col oring
corresponding to those in Figs. 8 to 11. A chain line A-A' in

\) Fig. 10 corresponds to a cross sectional diagram cut along a chain
line A-A’ within Fig. 11. Further, a chain line B-B' in Fig.
10 corresponds to a cross sectional diagram cut along a chain

line B-B' within Fig. 11.

Embodiment 6

A process of manufacturing a reflection type liquid crystal
display device from the active matfix substrate manufactured in
Embodiment 5 is explained below in this embodiment. Fig. 12 is

) used in the explanation.

An active matrix S;Jbstrate in the state of Fig. 10 is first
obtained in accordance with Embodiment 5, an orientation film
567 is then formed on at least the pixel electrode 470 on the
active matrix substrate of Fig. 10, and a rubbing process is
pei'formed. Note that, before forming the orientation f£film 567
in this embodiment, columnar spacer 572 is formed in desired
poéitions by patterning an organic resin £ilm, such as an acrylic

resin film and the like, in order to maintain a gap between



| ayer 571 are overlapped to forma |light shielding portion. Furthernore,
the light shielding portion may al so be forned by overlapping a portion of
the red coloring layer with a green coloring |layer. The substrate shown in
Enbodinment 5 is used in this enbodinent. Therefore, with the top view of

t he pixel portion of Enbodinment 5 shown in Fig. 11, it is necessary that,
at least, the gap between the gate w-+42xg 469 and the pixel electrode 470,

the ' h L I 4 ' | ect 468, and
he Cohr b atred o S het | R 1ed AhUBRS IR AeSopR TRty 470
b hi el ' . f |.ori I d h t hat
Che' i gt ChicEEar Ry Uho: TTRRACH: SPEORIDRE AR ARA FORCSLIENE EOF iR

| ayers ' ositions that nust be shielded fromlight, and then
are joi ?lc'reogh{'@{ﬁ%ﬂo{lp%%rsﬁhg substrate. It is thus made possible to reduce
t he nunber

of, process . steps b erformng light shielding of the

respective gébﬁgogg?ﬁégﬁ Sy t’i%‘ifgpégﬂf BE H@rgﬂé‘q’itght CoRPELBORYRRS i ons,
_conpose f HéE Iani&attgns of the coloring layers, without formng a

li ght ief glra e bing Silack7 frade then fremedien thePppweispposi ng

el ectrode 576 made from a transparent conductive filmis formed on the

| evel i nGOR9 a3 56%er Zhe| E8é: coherpndclaypsr $70randa diuwncalianitg | m 574

is formed over_the entire surf ace of the opposing substrate, and a

r ubbi ng PF¥ETesy § s2nRr PEEKEaPPEAe tactiamn nat Lightuisbtieddéngn pericion he

pi xel portion and the driver circuit are fornmed, and the opposing

subst r af@rihermore, the light shielding portion may also be formed by

{:) overlapping a portion of the red coloring layer with a green
coloring layer.

The substrate shown inEmbodiment 5 isusedinthis embodiment .
Therefore, with the top view of the pixel poftion of Embodiment
5 shown in Fig. 11, it is necessary that, at least, the gap between
the gate wiring 469 and the pixel electrode 470, the gap between
the gate wiring 469 and the connection electrode 468, and the
gap between the connection electrode 468 and the pixel electrode
470 be shielded from light. Each of the colofing layers are

o arranged such that the light shielding portions made from the
lamination of the coloring layers are formed in positions that
must be shielded from light, and then are joined to the opﬁosing
substrate.

It is thus made possible to reduce the number of process
stepsbyperforminglightshieldingoftherespectivegapsbetween
the pixels by using the light shielding portions, composed of
the laminations of the cbloring layers, without forming a light

shielding layer such as a black mask and the like.



then joined by a sealing material 568. Afiller is mxed into the sealing
material 568, and the two substrates are joined while maintaining a
uniformgap in accordance with the filler and the columar spacers. A
liquid crystal material 575 is then injected -between both substrates, and
the substrates are conpletely sealed by using a sealant (not shown in the
figure). A known |liquid crystal mater-48- may be used for the liquid
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shown in Fig. 12°is thus conpl el e ac X"su
i 11 o 113V £5) £8FfelCoh 'l v el T STRE oPeRE R o] o fEE S e T
only th ’0 QS n%n%%%tnr%t‘t' Ap, FPC.j s.then atiached.using. a known
t echni qBe " Tigui o Srystal g‘losfl ?%\ mc?’eiv"isﬁgger?&&be‘% Vﬁﬁ&\”@ﬁ’éﬁﬁ’%ﬁé’&'ﬁ?&%od
has TF‘?’OrpQﬂf ggé L gy%]y 7] i@ p%hg seri con ctorgfi | mt hor oughl anneal ed
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' ossible to become the one with enough

stF

di stribution sirradiateg._lt IS ) . \
oper ati on Chg‘#’&?gﬁgﬁ Babhyx  p by ate P hiche theohxe hginy bk andyui d

crystal isgl}_as/r devi.ce. .Such a liquld crystal display can be used as a
di spl ay "p6r €31 n SHEF axendormes .oang dher GRPOsdRg FWbRtrale @nehat it
i's possible t,o_frﬁeB/, conbi ne this enbodi nent with Enbodinents 1 to 5.
Enbodi mdfeR7 IPiReHi BYefbSaRiing MakeEkakpPeBeof Ardiiilan e myxask initght
emtti ng devi ce by using a manufacturing nethod of TFT that is
he sealing material 568, and the two substrates are joined while
:) maintaining a uniform gap in accordance with the filler and the
columnar spacers. A liquid crystal material 575 is then injected
between both substrates, and the substrates are completely sealed
by using a sealant (not shown in the figure). A known liguid
crystal material may be used for the liquid crystal material 575.
The reflection type liquid crystal display device shown in Fig.
12 is thus completed. The active matrix substrate or the opposing
substrate is then cut into a desired shape if necessary. In
addition, a polarizing plate {not shown in the figure) is attached
) to only the opposing substrate. An FPC is then attached using
a known technique.

Liquiad crystai display device made by above-mentioned method
has TFT manufactured by usj.ng the semiconductor £ilm thoroughly
annealed because the laser beam with a very excellent uniformity
of the energydistributionis irradiated. Itis possible to become
the one with enough operation characteristic and reliabiiity of

the above-mentioned liquid crystal display device. Sucha liquid

crystal display can be used as a display portion in various kinds



used for formng an active matrix substrate. In this specification, the
light emtting device is the general termfor the display panel enclosed a
light emtting elenent forned on the substrate between the aforesaid
substrate and the covernenber, and to the aforesaid display nodul e

equi pped TFT with the aforesaid displgy panel. Incidentally, the |ight
emtting elenent has a layer including”a conmpound in which an

el ect r olofTigNRTALVIA € Hyu P&t i ned by applying an electric field (a |ight
emtting layer), an anode, and a cathode. Meanwhile, the-

el ectrol um ne Cenhp 410N ' |_ngG| | ght _em ssion
(fluor escence)ﬂgggoﬁha?eﬁﬁari%?ﬁggfgg%ggﬁgqfsen%g]ygg-glz'?%gge#% ﬁ@c’td}“ﬁ?é: gr ound
state agdtnl Bewdlddfertd SSi  phosphorescence) upon returning fromthe
triplet-excited state to the ground state, including any or both of light
emssion. In this specification, all layers fornmed between the anode and.
the cathode in the light emtting elenent are defined as the organic |ight
emtti n%mb%\‘i%len{h% light emtting |ayer, the hole injection |ayer, the

el ectromTtnrectton— ayer, the hole transportation |layer, and the el ectron
transportation_laver, etc..-45- are concretely included in the organic
light emitti n§“|§¥’é-°f .e’“?hrPed1W%%t M PEEMRCcPE RANVERALTEEING thes Light
structu[aﬁlitt%;l tﬁe gnodg | ayer, the light emtting |ayer, .and the cathode
|l ayer are - seqaefitt aFPyP¥ aNF 19 e MIHERRFIT bro e G off TFR dhat dise | i ght
em'tting gle nt nﬁ% also has a structure that the anode |ayer, the hole

i nj ecti SACFayePT the Pigd: BRi t3¢HEVeayBRtrisd sukstratpde Nayethase

5’53quent | al lX lam nated or a structure that the anode
specification, the light emitting device is the general term for

the display panel enclosed a light emitting element formed on
the substrate between the aforesaid substrate and the covermember .
and to the aforesaid displaymodule equipped TFT with the aforesaid
display panel. Incidentally, the 1ight emitting element has a
layer including a compound in which an electroluminescence can
be obtained by applying an electric field (alightemitting layer),
an anode, and a cathode. Meanwhile, the electroluminescence in
organic compound includes the light emission (fluorescence) upon
returning from the singlet-excited state to the ground state and
the light emission ( phosphorescence) upon returning from the
triplet-excited state to the ground state, including any or both
of lighf emission.

In this specification, all layers formed between the anode
and the cathode in the light emitting element are defined as the
organic light emitting layer. The light emitting layer, the hole
injéction | layer, ther electron injection layer, the hole

transportation layer, and the electron transportation layer, etc.



| ayer, the hole injection layer, the light emtting |ayer, the hole
transportation |ayer, and the cathode |ayer etc. are sequentially

lam nated. Fig. 13 is a sectional view of a light emtting device of this
enbodiment. In Fig. 13, the switching TFT 603 provided on the substrate
700 is formed by using the n-channel TFT 503 of Fig. 10. Consequently,
concerning the explanation of the strifiure, it is satisfactory to refer

t he eXp|a’;ﬁ‘iﬁbbﬁ&r@|ﬁe§_Peiné‘Itﬁ@&'ﬂﬁl tlTé:Bx%%%'é j&fgﬂ @%&?ﬂﬂt&q?aiégﬁi‘gh yfll S
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exanple is of a double gate structure ™ orne th two chann regions, it

[ PopeiTughd miveing Sidibitt B3 cAiChEL S PLIRELED AN AR AL o0, 01

or atriple gate structure forne ree. Iver circui %vi ded

Consoquan s consaraPns e HEP88," AR bhflbhe T 1avel o

o channai aHeR @eb fan AECEAR) AT el e v BaE Riae 1 ERBAIBNS ngl o
T ol o i e ctbrishe B8R, g1 Fa g o sfaritepo fhad he dineds L co
Neanwi (00 P IER TRE tadorle thE 1 dhe ont PPiralafr cnd phecmiettiaet voen

t he sour. i ring 708 and e source_ region of the switching TFT while the
Wi o agg el B0 LR ARl 1 TORLRG PR B s b Ee AR RO B n

Wirin 9 and,the.drain region of the switchin :
9 igyer, the hoie Enje tgon layer, the ligék emitting layer, the

{:) hole tramnsportation layer, and the cathode layer etc. are
sequentially laminated.

Fig. 13 is a sectional view of a light emitting device of
this embodiment. In Fig. 13, the switching TFT 603 provided on
the substrate 700 is formed by using the n-channel TFT 503 of
Fig. 10. Consequently, concerning the explanation of the
structure, it is satisfactory to refer the explanation on the
n-channel TFT 503.

Incidentally, although this example is of a double gate

S structure formed with two channel regions, it is possible to use
a single gate structuré formed with one channel region or a triple
gate structure formed with three.

The driver circuit provided on the substrate 700.is formed
by using the CMOS circuit of Fig. 10. Consequently, concerning
thg explanation of the structure, it is satisfactory to refer
the explanation on the n-channel TFT 601 and p-channel TFT 602,
Incidentally; although this embodiment is of a single gate

structure, it is possible to use a double gate structure or a




TFT. Incidentally, a current -control TFT 604 is formed by using the

p- channel TFT 502 of Fig. 10. Consequently, concerning the explanation of
the structure, it is satisfactory to refer to the explanation on the

p- channel TFT 502. Incidentally, although this enbodinment is of a single
gate structure, it is possible to use a double gate structure or a triple
gate structure. Meanwhile, the wiring-A® is a source wiring of the current

control tHpb1er Yd1as pandiddtd. @ current supply |ine) while the wiring 707
is an electrode to be electrically connected to the pixel electrode 711.

e 1 ¢ | HRRACELOUTHRY [IAko781D 161 SLSRl £81Ea 000U rPlal or |

light-emtting el enent) rme ransparent conductTve

L anspasl afSEENEL e oilivD EA0LBE NS Ao QTR Ofnd NIl Qe and i

oxi de, a conpoun di"'um OxT de~an Zinc : _
L0 U i an 764 LS o1 B2 HB0fo S HBNSPRLEN ONNCH S Ll o0
embodi mege, sPEESe bhPEhg AN Ak Bhy Soios HaBuateoft bhe U tpinh SFIT by
ator, “HBERS R B E PP i PrivERLER e S SG SR GRRRES poor
{Lght eg%ia%gg 'qgfégp%ﬂg_gpesenceaof a st%pi _Acgfrdingly, Lp i s desired
prov n bF1B8 1 apgdthegraipisegiqn et thriswidobimg a
,Iight-e@%&{ing | ayer can be formed as planar as possible.
O Incidentally, a current control TFT 604 is formed by using
the p-channel TFT 502 of Fig. 10. Consequently, concerning the
explanation of the structure, it is satisfactory to refer to the
explanation on the p-channel TFT.SOZ. Incidentally, although
this embodiment is of a single gate structure, it is possible
to use é double gate structure or a triple gate structure.
Meanwhile, the wiring 706 is a source wiring of the current
control TFT (corresponding to a current supply line) while the
wiring 707 is an electrode to be electrically connected to the
pixel electrode 71l.
Meanwhile, reference numeral 711 is apixel electrode (anode
of a light-emitting element) formed by a transparent conductive
film. As the transparent conductive film can be used a compound
of indium oxide and tin oxide, a compound of indium oxide and
zinc oxide, zinc oxide, tin oxide or indium oxide, or otherwise
may be used a transparent conductive film as above added with

gallium. The pixel electrode 711 is formedona planar interlayer

insulating f£ilm 710 prior to forming the wirings. In this



After formng the wirings 701 to 707, a bank 712 is fornmed as shown in
Fig. 13. The bank 712 may be formed by patterning an insulating filmor
organic resin filmcontaining silicon having 100 to 400 nm Incidentally,
because the bank 712 is an insulating film caution nust be paid to
el ement el ectrostatic breakdown during deposition. In this enbodi nent
added is a carbon particle or netal p#2-icle to an insulating filmas a
mat er i alenfyyd intish 2Nk 17912,el_tyh_q_r E&%%@%f&?&é{%%iﬁﬂe ?\?e%bl‘ﬂpé ssi ng
TR suc case, e addi ti

occurrence of static_electr|C|t _ _ I tTon ahount of

106 to 1o TR YN dS b dByn 10 A P HBCC A TS R el g
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provi de% t her.eon in _a thickness of. 70 nmas a light-emtting |layer. The

col or of C&EMESsASn YEPRE &Sn BeSSid@r ol | ed by adding a fluorescent pignent,

eryl ene or, DCML, to Al ga. However, the foregoing

such as quinaﬁr'don , Or,
exanple i's an g%ﬁﬁpf n%rtd'%iwe.rlngs 701 to 707, a bank 712 is formed

\D _ as shown in Fig. 13. The bank 712 may be formed by patterning
an insulating filmor organic resin £ilm containing silicon having
100 to 400 nm.

| Incidentally, because the bank 712 is an insulating film,
caution must be paid to element electrostatic breakdown during
deposition. In this embodiment added is a carbon particle or
metal particle to an insulating film as a material for the bank
712, thereby reducing resistivity and suppressing occurrence of
static electricity. In sucha case, the addition amount of carbon
L or metal particle may be adjusted to provide a resistivity of

1 x 10° to 1 x 10" Qm (preferably 1 x 10° to 1 x 10*° Qm).
A light emitting layer 713 is formed on the pixel electrode
711. Incidentally, although Fig. 13 shows only one pixel, this
embodiment separately forms the light-emitting 1layer
correspondingly to the respective colors of R (red}, G (green)
and B (blue). Meanwhile, in this embodiment is formed a low
molecularwgightorganic1ightemittingmaterialbythedepositidn

process. Specifically, this is a lamination structure having



light emtting material to be used for a light-emtting layer Q and not
necessarily limted to this. It is satisfactory to forma light-emtting

| ayer (layer for light emi ssion and carrier novenent therefore) by freely
conbining a light-emtting |ayer, a charge transporting |ayer and an

el ectron injecting |layer. For exanple, although in this enbodinment was
shown the exanple in which a | ow nol e&far wei ght organic light emtting

mat eri alg b&pp@ieﬂhi:ﬁhlackhﬁmmee'ﬂ:ﬁi’bﬁ'gfi% roIr%d(I: :89 sa? LIiI‘I léuq a%‘se n

i nternmedi ate organic emtting fmate i ght

I
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onit a ht e ng may be good. The -49- |um nescence wave
| ength @g‘%yggggef’ggbg L Iﬁ&:*to blue by using the it -conjugated type

pol ynmer of PP l\/Is\anWhtI1 possible to use an inorganic materi al
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a light-emitting layer (layer for .light emission and carrier
movement therefore)} by freely combining a light-emitting layer,

a charge transporting layer and an electron injecting layer. For
example, although in this embodiment was shown the example in |
which a low molecular weight organic light emitting material is
used for a light-emitting layer, it is possible to use an
intermediate organic light emit tingmaterial and a highmolecular
welight organic light emitting material. Furthermore, an organic
light-emitting material, having no sublimation property but
having molecules in the number of 20 or less or chained molecules
having a 1ength of 10 pym or less, is provided as a intermédiate
molecular organic light emitting material. For an example of
using the high molecular weight organic light emitting material,

a polythiophene (PEDOT) film with a thickness of 20 nm is formed

by the spin coating method as a hole injection layer and the .

lamination structure installing paraphenylenvinylene {PPV) of

about 100 nm on it as a light emitting layer may be good. The




conductive filmis used an alloy filmof alumnumand lithium O course,
a known MgAg film (alloy filmof magnesium and silver) my be used. As the
cathode material may be used a conductive filmof an el enment belonging to
the periodic-table group 1 or 2, or a conductive filmadded with such an
element. Alight-emtting elenent 715 is conpleted at a tinme having forned
up to the cathode 714. Incidentally, t#&8-light-emtting elenent 715 herein

refers tiuntinbdtkndOwiRed Vel di12 cRini5é s1dHRIEroh 3200 i
light-emtting |ayer 713 and a gat hode 714. 1t Jl:g effeg%)ib\zlyet ngursolvrf%e a

i vaty fd 2 j .er.th .
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11 con e e il naBef B YACH af ki 18bh bl £b B S g8 G| ayer
j ] ' | - Et_ i f dto, fil
{avor able portold By oz dhe SR 682 ng nhvbl P Pufr e Bl eeB Py o
b M ' ' d- . 1ik b fil The DLC fil
capabl ¢ O R RARAEEL L b b AU TEE e d 1 by kpPUniReTIsd. 100
f t t b ily d ited the light-enmitti
Llra%“rk 715 Lfﬁv”ﬁ%%%%? oPEBoge Add 'o@%gn%‘r’at%%&ﬁw%f&e fﬁ m‘r%{m%% %Rf’gh
ocki n 0_0OXygen. gan su Ss e li -emtting |ayer rom
oxi di zi %él% C%%é%%ﬁ%‘ﬁ% g%ngh@aYﬁFom)ﬁT of ki El%%goﬁ“t?é’t‘?‘iﬁ@ 'ev%ﬁt e n the
light-emtting.layer . 713 during the foll ow ng sealing process.
Furt her r?gpéi,uc%l a?f"r]ra' Frﬁn’dﬁ?dﬂ%?’ FL19¥ bt PHpkyinum and lithium.

:_) Of course, a known MgAg fiim (alloy £ilm of magnésium and silver)
may be used. As the cathode material may be used a conductive
film of an element belonging to the periodic-'table group 1 or
2, or a cqnductive film addéd with such an element.

A'light-emitting element 715 is completed at a time having
formed up to the cathode 714. Incidentally, the light-emitting
element 715 herein refers to a diode formed with a pixel electrode
(anode) 711, a light-emitting layer 713 and a cathode 714.

It is effective to provide a passivation £ilm 716 in such

S

a manner to completély cover the light-emitting element 715. The
passivation f£ilm 716 is formed by an insulating film including
a carbon film, a silicon nitride film or a silicon oxynitride
film, and used is an insulating film in a single layer or a combined
lamination.

In such a case, it is preferred to use a film Ffavorable
in coverage as a passivation £ilm. It is effective touse a carbon
film, particularly DLC (diamond-like carbon) £ilm. The DLC film,

capable of being deposited in a temperature range not more than




passivation film 716 so as to bond a cover nenber 718. For the sealing
menber 717 used may be an ultraviolet curable resin. It 1is effective to
provi de therein a substance having a hygroscopic effect or an anti oxi dant
effect. Meanwhile, in this enbodinent, f or the cover nenber 718 used is a
gl ass substrate, quartz substrate or plastic substrate (including a :
plastic filn) having carbon films (pret&rably di anond- |ike carbon fil nms)

formed amoCbefRomnh roskr ftaﬁ%%rhl%ﬁ&%qf cghn b%d%iagi%eva&]x%pfo%it%q(%%xf iy the

alum num film (such as Al AN, and A10), the 11ke are used.

Thus, cagiat-ethiitting 1gperem 3 HoRdidNd4erbaY5REndeSt MG MERI 1S ¢3OWN in
Fig. 13. Incidentally, it is effective to continuously <carry out, W thout
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possible to continuously™ carry out the process up o borti ng & c b&

nmb 1 Wint : |4 ' t b . -ch | TFTs 601
ond 020 R Lem OF s duf bRt tah b BEpOkhrobiis thd SN ond E0R TPge Ty
(p- chanpgh aﬁ;hngséhfﬁgé’l?rg?ﬁ%‘%r ns‘%%ﬁgllqtq}%o}%%%ate 700. Furthernore, as.

was expl ai ned usin Provi urity region overl apped
with the gatep t hrou an _insul ati ilm it is possible to form
an n- channel Tﬁ#ﬁﬁééggg?Fvglt%g?%%n%eP@Wﬁ8?5??5% 1&s @ eviged o hbhecarri er
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sealing member 717 used may be an ultraviolet curable resin. It
is effective to provide therein a substance having a hygroscopic
foect or an antioxidant effect. Meanwhile, in this embodiment,
for the covermember 718 used is a glass substrate, quartz substrate
or plastic substrate (including a plastic film) having carbon
films (preferably diamond-like carbon films) formed on the both
su;:faces the;eof. In addition to fhe carbon £ilm, the aluminum
film (such as AlON, AIN, and AlO), SiN and the like are used.

Thus, completedisalight emittingdevice havinga structure
R as shown inFig. 13. Incidentally, it is ef_fective tocontinuously
carry out, without release to the air, the process to form a
passivation £ilm 716 after forming a bank 712 by using a deposition
apparatus of a multi-chamber scheme (or in-line scheme). In
addition, with further development it is possible to continuously
carry cut the process up to bonding a cover member 718, without
release to the air.

In this manner, n-channel TFTs 601 and 602, a switching

TFT (n~-channel TFT) 603 and a current control TFT {p-channel TFT)



Meanwhi | e, this enbodi nent shows only the configuration of the pixel
portion and driver circuit. However, according to the manufacturing
process in this enbodi nent, besides these, it is possible to formon the
sanme insul ating nmenber such logic circuits as a signal division circuit, a
D) A converter, an operation anplifier, a y-correction circuit or the |ike.
Furthernore, a nenory or mcroprocessoblean be fornmed. The light enitting

devi ce feouneaed) o daley e thiviiach+deidwd has TFT f orned by using the
sem conductor filmthoroughly annealed, because it is irradiated the |aser

beam t hat has Faryggéy-mogégeg_g & s ‘éﬁﬂﬁirﬂﬁ‘%rs%ﬁdgiér [ {)ya il%P Er‘g@g_rdﬂl%r e, the
e 0

above-nentioned |ight emtting device 1s obtai Aougy erati on
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as display portions of various ctronic ‘equrpment’s.

enbodi t 4 I M conpin i th. . Enbqdinents | to 5. -52_Epbodi nent
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sem con 1A AN [ . tical systemw |l be described_w.th

"o or ancaa StiveldD ife WMt AN d P BY B AT o ROt CER L eRB TaR ki 1 de 1
i Im(c L ratiqr. Sl .=.32 % 0.=59.% N=7 % H=2% with a

t hi ckgeggggghhhggikm Elggllfgglrtrré(r:fu&?]ﬁ‘gg?i&g g“’?u‘ﬁ%ﬁ‘aﬂ’eglag" eéflli‘é%’é'-qué? REBy

pl asma ,CVR gﬁ%%gg Subsequently, an anorphous silicon filmwith a

t hi ckneSS of nmis formed on the base filmas a sem conduct or

Meanwhile, this embodiment shows only the configuration
{:) of the pixel portion and driver circuit. However, according to
the manufacturing process in this embodiment, besides these, it
is possible to form on the same insulating member such logic
circuitsasasignaldivisioncircuit,aD/Aconverter,anoperation
‘gmplifier, a Y-correction circuit or the like. Furtherﬁore, a
memory or microprocessor cah be formed.
The light emitting device formed by the above-mentioned
‘method has TFT formed by using the semiconductor film thoroughly
annealed, because it is irradiated the laser beam that has a very
:m) - excellent uniform energy distributioﬁ. Therefore, the
above-mentioned light emitting device is obtained enough
operation characteristic and reliability. Sucha light emitting
device can be used as display portions of various electronic
equipments.
Incidentally, this embodiment can be freely combined with

Embodiments 1 to 5.




filmby plasma CVD nethod. Hydrogen contained in the sem conductor filmis
rel eased by performng heat treatnment at - 500 QC for three hour. Then
crystallization of the sem conductor filmis perforned by a | aser
anneal ing nethod. The <crystallization of the sem conductor filmis
performed under the condition of the | aser annealing nethod that a second
harmonic  wave of YVO4 laser is used 4923 | aser beam an incident angles J
of the IEmdeydilweairn reel ative to a convex | ens 103 of an optical system shown
in Fig. 1 is set to 18 Qto forma rectangul ar shape beam whereby
irradiating the3erE savelchent i Vi : a.speed of
1&ht ! hh@}é’é}nﬂ“& 6lﬂge£P8§T%HB?}%”ﬁt‘t%laEz a:d.&nor

50 cn’s. A seco -etching is perfornedto t cry Sem co
filmtheg HhbmiBedduaneris i ngf Lpg the surface of  the |
crystal line sem conguctgﬁ%ﬁﬁfagéﬁ%aarggﬁf{%%g% Fﬁ&me"f]ejcﬁﬁﬁlesﬁrégggcopy)

by one theWs 3Gt it i | Qo 17 te that, the seco solution in
the seco-etching is the%’o?g@,rfwx;c}er}ibd;:i %‘snl' g ﬂl\gCr 207 for HF : HRO=2 : 1 as

beam in the diPar e AES Y e Yl AT H A L Eomen Yt goned chove
o1 ponGTEiiar Ui Fodll &h Pafabiud -8 thd SeaHurng v FAEh: on t4RERERE o

e conductad e bRbRaRPn o B286R, SuPsErate axanbaes o by HePAgSmRe

Phe: monSiD” BReRP, S anana ol | AL sRayPDRoEoRidieem (Tin CHiHhoR

farmn i on_can r educed.
\TB gtﬁggkness of tl%o nm is formed on the base film as a semiconductor

film by  plasma CVD method. Hydrogen contained in the
semiconductor f£film is released by performing heat treatment at
500 2C for three hour. | Then crystallizatién of the semiconductor
.film is performed by a laser annealing method. The
crystallization of the semiconductor film is performed under the
condition of the laser annealing method that a second harmonic
wave of ¥YVO, laser is used as a laser beam, an incident angles
¢ of the laser beam relative to a convex lens 103 of an optical
) system shown in Fig. 1 is set to 18 2 to form a rectangular shape
: bga.m, whereby irradiating the semiconductor film as moving the
substrate at a speed of 50 cm/s.

Aseco-etchingisperformedto the crystalline semiconductor
film thus obtained, and the result of observing the surface of
the crystalline semiconductor £ilm with a SEM (scanning electron
microscopy) by one thousand times is shown in Fig. 17. Note that,
the seco solution in the seco-etching is. the one made by using

K;Cr,0; for HF : H,0 = 2 : 1 as an additive. Fig. 17 was obtained




Further, since an individual crystal grain has the crystallinity such that
It can be regarded substantially single crystal, the high nobility (field
effect nmobility) equal to or nore than that of a transistor using a single
crystal sem conductor can be obtained. In addition, since the forned
crystal grains becone conplete in one _direction, the nunber of crossing
across the crystal grain boundary by'§36arrier can be remarkably reduced.

Ther ef ortey rell atiisrelgssthhaihg f106 UcRsetableain D H diﬂeeiﬁlﬁﬁriﬁ&cé/@é&e (a
value of a drain current flowing in an on state of a TFT) , an of

current byathe ferowlie Ofgdrd adma CeH g eni7 fHohd @éfaﬁéé‘tﬁzé’ﬁ
TFT) , a threshold voltage, an S value, and field effect" mobility nd
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enbodi ment wi Il be descrlbedéangexanple of cgh uct?ng a crysﬁfﬁﬁngatlon of
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reference to Figs. and 18. orns to anor phous silicon filmas a
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Subsequw {1¥in8ntﬂérgéfﬁ¥8ggauctor film, the number of crystal boundaries
Q that may be contained in a channel forming region can be reduced.
Further, since an individual crystal grain has the crystallinity
such that it can be regarded substantially single crystal, the
high mobility (field effect mobility) equal to or more than that
of a transistor using a single crystal semiconductor can be
obtained.

Inaddition, since the formed crystal grains become complete
in one direction, the number of crossing across the crystal grain
boundary by a carrier can be remarkably reduced. Therefore, it

ZL) is possible to reduce variations of an on current value (a value
of a drain current'flowing in an on state of a TFT), an off cﬁrrent
value (a value of a drain current flowing in an off state of a
TFT), a threshold voltage, an S value, and field effect mobility.

And electric characteristic is extremely improved.

Embodiment 9

Present embodiment will be described an example of

conducting a crystallization of a semiconductor film in the



of crystallinity of the sem conductor filmis perfornmed by |aser annealing
nmet hod. The i nprovenent of crystallinity of the sem conductor filmis
performed under the condition of the |laser annealing nethod that a second
har moni ¢ wave of YV04 |aser is wused as a | aser beam an incident angles ~
of the | aser beamrelative to a convex |lens 103 of an optical system shown
in Fig. 1is set to 18 Qto forma reb#angul ar shape beam whereby

i rradi aidifFericnt MeTheANEHGH EmiddiMdst BO¥ PY Ld¥e SUpst rat ﬁ.%% 3 3B ed of
e Sse CO

S50 cnfs. A seco-etching is performed to the crystallin nduc
filmthyg.obtai ned, and the surface of the crystalline semni conductor fi | m
I s observed with the SEM by one thousand tines. An observation result is

shown in Fig. 18ro/hs tﬂpsiﬁfevrﬁhb@.g)hr %I%UE§.%1b§an9 m 285 ?gagﬁggfggi ﬁedtgﬁe arr ow

relatively scanning the |ase |rec on in

grain Srm 3 aScrakhes NIh mHb AR i"%ﬁ‘cpérréf BB YR8 S ann ng

graln sizeis - - forned in a para |rect| nnlng.

directi QR+nofUELBEaek! 14 ST ﬁ%ﬁ@géeﬁ tw}a} it cr i{D E_!]%é_ﬁliwipsﬁg\évr) in

Fig. 18 has fewer grain bo artes 1

g 2o S ' LS pfere st asegvggg%;r‘gsg;ggha;gm "
e e SR BT T S L
e L G AR B Yy HB S S W TELaBS 0 e
:) in the nitrogen atmosphere at 5009(.‘. for one hour and in the nitrogen
atmosphere at 5502C for twelve hour. Subsequently, an improvement
of crystallinity of the semiconductor film is performed by laser
annealing method. The -improvement of crystallinity of the
semiconductor £ilm is performed under the condition of the laser
annealing method that a second harmonic wave of YVO4 laser is
used as a laser beam, an incident angles ¢ of the laser beamrelative
to a convex lens 103 of an optical system shown in Fig. 1 is set
to 18 2 to form a rectangular shape beam, whereby irradiating
. the semiconductor film as moving the substrate at a speed of 50
cin/s.
Aseco-etchingisperformedtothecrystaliine semiconductor
film thus obtained, and the surfacé of the crystalline
semiconductor £ilm is observed with the SEM by one thousand times.
An observation result is shown in Fig. 18. The observation result
in Fig. 18 was obtained by relatively scanning the laser beam

in the direction indicated by the arrow in figure, and Fig. 18

shows the appearance that crystal grains of large grain size is




Further, since an individual crystal grain has the crystallinity such that
It can be regarded substantially single crystal, the - high nobility (field
effect nobility) equal to or nore than that of a transistor using a single
crystal sem conductor can be obtained. |In addition, since the forned
crystal grains becone conplete in one_%%tection, t he nunber of crossing
across the crystal grain boundary by carrier can be remarkably reduced.

Ther ef orf@rmad it s pusal be b dicectdweera it ové @BStd saAnARng Wit i ve, an
of f current value, a threshold voltage, an S value, and field effect

mobi | i t Funtimel dttis cleharaderd tids tha ety SBI Yot L ¥adwnErRadigrent 10
Present enbodinent will be described an exanple of conducting

crystal ligzatdonfefen gealaobbueiafirildd Eddmdsi /Y e @R 'E%lioﬁyﬁhgm‘ f the
present invention and manufacturing TFT -56- by using the sem conduct or :

filmwi u}mﬂee:fs@roemwot&l@ﬁvéscﬁhﬁinégdff@cﬂ&; 0201 ad & Wil ?@%Rﬁﬁ”aﬁ%”t , @

glass filmis used as a substrate 2 and a silicon oxynitr
(‘conposighiowmalinr #iigQ: 19, = 32 % O =27 % N=24 % H=17% wth a
t hi ckness of 50 nm and a silicon oxynitride film (conpositional ratio: S

o o leetbes Ttk e U B e,
TP PboReoEbLaen I bRl RS R 0 Al a5
cont ai ngdniaglckRY ﬁf'ﬂﬁqbdlﬁﬁteof)régéﬂi:l’.snvreerltefc;sr? ,d W%\én TFT is fabricated
\’) by using the semiconductor film, the number of crystal boundaries
that may be contained in a channel forming region can be reduced.
Further, since an individual crystal grain has the crystallinity
such that it can be J;egarded substantially single crystal, the
high mobility (field effect mobility) equal to or more than that
of a transistor using a single crystal semiconductor can be
obtained. |
Inaddition, since the formed crystal grains lbecome complete
in one direction, the number of crossing across the crystal grain
) boundary by a carrier can be remarkably reduced. Therefore, it
is possible to reduce variations of an on current value, an off
current value, a threshold voltage, an S value, and field effect

mobility. And electric characteristic is extremely improved.

Embodiment 10
Present embodiment will be described an example of
conducting crystallization of a semiconductor f£ilm by using an

optical Vsystem of the present invention and manufacturing TFT




perform ng heat treatnent at 500 QC for three hour. Then, a second

har moni ¢ wave of YVO4 | aser is used as a | aser beam an incident angles $
of the laser beamrelative to a convex |lens 103 of an optical system shown
in Fig. 1is set to 18 Qto forma rectangular shape beam whereby

scanni ng the sem conductor film as rmvi%g the substrate at a speed of 50
cm's (Fig. 19B). Subsequently, a first dbping processing is conducted. The
first dopyngsingcddssisepicomiinnegi Bowith deFeredile ebsrag.t i eshgl d

val ue. The first doping processing is conducted by using B2H6 as a

mat eri al 19asndsetdgingot he gas flowrate to 30 sccm the current density to
0.05 A, the acceleration voltage. to 60kV, and the dose to |x 1014 /cn®

(Fig. 19C) . Subsetiiantdnbodahdef Ni0gissPef{Dh t ' uct or
film24 in a predeterm ned shape, a%% tshen a si i%%%(?oi%n?tsr‘?@dgbfcﬁgﬁ% with

a thi ckness agfa é—bil&'@ohsoi?l?ﬂ?ﬁidézfiﬁ? l(éoﬁgbg%ﬂﬁgtgatfégéj 5 24,covering

t he etched sem conduct or | m by the plas 0 ubsequéentTy, a

180111028 2ned e 4 hess 01y A0 LR AL By kg O

370 nm as conductive filnms are | amnate e 1nsu

(Fig. 19313 f i . .S Ls;foroed _

photol it holggJFc::‘;\')pIg;B/gz gqgggﬁ%t%iéf@v(ﬁﬁ IK% t:lh1€':a:m?:'\z,§g|2 Ff—’ll%%oan%rff' hgyéaftg = PRt at | ng
film Sypsequentgd\, e k resi i s remoyed, a,new sk 33 is
f or med lshgusqtg'c%nd&%p Fﬁgﬁsae'con:gc}g’t‘o%%g(?%r%%oe?& A5 tRA%HBRBYCR R ddRi ng

| mpuri tyy el LIeRE B WAL ER 1WA ¢ pRakiRe ¢t B8 thoa. Subsequently, an

:_) amorphous silicon film with a thickness of 150 nm is formed on
the base f£ilm 21 as a semiconductor £film 22 by plasma CVD method.
A hydrogen contained in the semiconductor f£ilm is released by
performing heat treat_ment ét 500 C for three hour. Then, a second
harmonic wave of YVO,; laser is used as a laser beam, an incident
angles ¢ of the laser beam relative to a convex lens 103 of an
optical system shown in Fig. 1 is set to 18 @ to form a rectangular
shape beam, whereby scanning the semiconductor film as moving

the substrate at a speed of 50 cm/s (Fig. 19B).

et

Subsequently, a first dop}ing processing is conducted. The
first doping processing is a channel doping that controls a
threshold value. The first doping processing is conducted by using
B;Hs as a material gas, setting the gas flow rate to 30 sccm, the
current density to 0.05 A, the acceleration voltage to 60kV,
and the dose to ix 10" /cm®? (Fig. 19C).

Subsequently, patterning is performed to etch a
semiconductor film 24 in a predetermined shape, and then

asilicon oxynitride filmwith a thickness of 115 nm is formed



sem conductor film In this case, conductive layers 30 and 31 are becone.
masks with respect to the inpurity elenents inparting n-type respectively
and an inpurity region 34 is forned in a self-aligning manner. In this
enbodi ment, the second doping processing is divided into two conditions to
be perfornmed since the filmthickness gf the sem conductor filmis very
thick with 150 nm In this enbodiment,” 'at first, the second doping

processiama grite Hashikat ingreh 1m o7 6vaekie) fRE dvched RemOsSRELBE dPH) as
a material gas, and setting a dose to 2 x 1013 /cn2 and the acceleration

vol t age i@ byithedldhena C7p neetnd dogikse ﬁeﬁ%a n% N %g.ﬁdﬁ%‘d
condition is perforned by setting the dose to X 10 /cnk an

accel er atitddn aoth8gRnexslOK\V3¢ M- addEL wNeXtim e sk 3 %]g%gﬁn%f %h rd

resist is renoved, a new nask 35 nmade of resist is forned

dopi ng RYOCEIOI At ids - BBnARIH LY IR E1 1R B! Ridnfi ALOPLH9 OB A5, Slg%%e an

inpurity element for inparting an conductivity type opp05|te one

conduct ijMidwiatyng i£SiBAdeY Y@ [ ity region 36. The inpurity region
36 is fornmed in ghe sen1conguéﬁgr ?@?Z1Mh|ch becone an active | ayer of

the p- channelATFmaSihem%ggdugklvgesQ%%rs nent %h%%nﬁre use% as gggk_to

the inpurity elenment and the 1 np |rrpart| eis

added s@Ra% 019 th ot g a_sel aner. In this
enbodi ment LR ?%W%“t G R is—ié%s@. n%fﬁ“s wie otafvi £ a%d*?étq

condi ti qQRsy pei;f since the filmthickness of the sen1conductor
filmis v%r&%gzﬁﬁgk% lﬁ'{h 150 nm In this enbodi nent, the third doping

KEDOCGSSIHQ Subsequently, the mask made of a resist is removed, a new
mask 33 is formed so as to conduct the second doping processing
thereby introducing impurity elements which impart n-type to the
semiconduqtor film. In this case, conductive layers 30 and 31

- are become masks with respect to the impurity elements imparting
n-type respectively and an impurity region 34 is formed in a
self-aligning manner. In this embodiment, the second doping
processing is divided into two conditions to be performed since
the film thickness of the semiconductor film is very thick with

aJ) 150 nm. Inthisembodiment,atfirstltheséconddopingprocessing
| of the first condition is performed by using phosphine (PH3) as
a material gas, and setting a dose to 2 x 10} /cm? and the
acceleration voltage to 90 kVv. And then, the second doping
processing of the second condition is performed by setting the
dose to 5 x 10 /cm? and the acceleration voltage to 10 kV (Fig.

19E).
Next, the mask 33 made of a resist is removed, a new mask

35 made of resist is formed, and the third doping processing is




of the first condition is perforned by using di borane (B2H6) as a materi al
gas -and setting the dose to 2 x 1013 /cnR2, and the acceleration voltage to
90 kV. And then, the third doping processing of the second condition is
performed by setting the dose to 1 x 1015 /CnR2, and the accel eration

voltage to 10 kV (Fig. 19F). By the §_t5§p_s until now, the inpurity regions
34 and 36 are fornmed in the respectivé sem conductor |ayers. . Next, the

k 35 paffomied £Si hé ¥Ie{By ide oxynj t i i ' a
hi cknose of 50 nm (zommas, 11 onal o) §rocg il CRHOLBhEELy TP 7,

LS o TOmthares g BRI R Ay HDSURRARd RELARC AN

nmet hod. Next, a recovery of cryst the sem con

o contator T ayare SOl Sabnf SO R fNIhe FHE AbRIEFEY ASuiep 36 <

sem conductor | ayers are co e heat

enbod ey eokliganeatord SehIRBab® ST LRIty 18 oty 0der gl posphere a

550 C for four hour by at ahneal'’'n ! | .

or gani ¢ O 101 B PRaEF TR S So NS oot dPaphr hhee 6t o
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this engogieﬁuglitgrﬂgnge?n%ntnre%%t m%lr_lt tihsis embodiment, the third doping

Q processing is also divided into two conditions to be performed
since the film thickness of the semiconductor £ilm is very thick
with 150 nm. In this embodiment, the third doping processing

of the first condition is performed by using diborane (B;Hs) as

a material gas and setting the dose to 2 x 10 /cm®, and the
acceleration voltage to 90-kV. And then, the third doping
processing of the second condition is pexrformed by setting the
dose to 1 x 10%° /cm?, and the acceleration voltage to 10 kV (Fig.
19F).

By the steps until now, the impurity regions 34 and 36 are
formed in the respective semiconductor layers.

Next, the mask 35 made of resist is removed and a silicon
oxynitride £ilm with a thickness of 50 nm (compositional ratio:
S1i=32.8%,0=63.7%, H=3.5 %) is formed as a first interlayer
insulating film 37 by plasma CVD method.

Next, a recovery of crystallinity of the semiconductor

layers and an activation of the impurity element added to the

respective semiconductor layers are conducted by the heat




performed in a nitrogen atnosphere at 410 C for one hour by using the
anneal i ng furnace. Subsequently, a wiring 39 electrically connecting to the
respective inpurity regions is fornmed. In this enbodinment, a |amnation
filmof a Ti filmwth a thickness of 50nm an Al -Si filmwth a thickness
of 500 nm and a Ti filmwith a thlckng§ of 50 nmis patterned to form

O course, it isnot limted to a two-Fayer structure, but also may be a

si ngl e- ltaye@rtmetrtuct nethbs M dBhé O, amwﬁewtetﬁéaméﬁe 1 RIS BT ©
Further, materials for wirings are not linmted to Al and T|. For exarrple
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el ectric characteristic of. the n-channel g. 20A and an

el ectric char Reker,iSsbeofh ﬂﬂ&ﬂﬁ@ﬁﬁ!ﬁbdﬁlﬁé?ﬂﬁn $QWae e Frg 308 by

nmeasuring the electric characteristics nmeasur enent 5’n of

the el eahbi athdgaeh ¢hi ibtEs1a1 88 U AIEGn P! ﬂsdlat%ssu”%fgtzfa&%i gt 6 and

points, the gate voltage (Vg) Is set to he range o

the draiFgriv@lat e a( rdis iﬁ%ef?a%?%) %.'}n%dﬁa 1ng§3$:§g \f’.(%: D) £ﬁ %g‘ﬂer In

Figs. 20A and 20B, drain current

S5, SohRBe SRR PP T iy ORI AL P 20
using t RgrREASRPEVD WS HI L AnliSeilé nn%rskia]plé/on oxide filmwith a thickness

) of 400 nm is formed.

Next, a hydrogenation Processing can be carried out after
the heat treatment. In this embodiment, the heat treatment is
performed in a nitrogen atmosphere at 410 °C for one hour by
using the annealing furnace.

Subsequently, a wiring 39 electrically connecting to the
respective impurity regions is formed. 1In this embodiment, a
lamination film of a Ti film with a thickness of 50lnm, an Al-Si
'film with a thickness of 500 nm, and a Ti film with a thickness
of 50 nm is patterned to form. Of course, it is not limitedl to
a two-;ayer structure, but also may be a single-layer structure
or lamination structure of three layers or more. Further,
materials for wirings are not limited to Al and Ti. For example,
wirings may be formed by forming Al or Cu on the TaN film and
patterning the lamination film on which é Ti £film is formed (Fig.
19H).

As described above, an n-channel TFT 51 and a p-channel

TFT 52 are formed.




i mproved. When TFT is manufactured by using the semiconductor film the
nunber of crystal grain boundaries that may be contained in a channel

form ng region can be reduced, since a crystal grain of large grain size
is formed in the sem conductor film which is crystallized by using the
present invention. Furthernore, since the crystal grains are fornmed in the
sanme direction, it is possible to redfdethe nunber of crossing across the

grain boundaiyn byecaritatharuedety tic DECERE H-Shdoh 18P Id 1 ¥sishRad
cn2/Vs at the n-channel TFT and the nobility is 205 cnR/Vs at the
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2 sen coweuEehen BBCIRY L adelthed 'vo M Rk ReRE 1R Hp o itpe "
0P a3V BB B0E dat €6 Lahdanaes BB 0l Lo BRSO, e o000
coat | ng todr a8y SFA e A0y B ey ier WoTSER s TBEa mont |
o Do L 20R°Enb 208 aflid WEFH I LR bad ok eRt (1) e shown | "

in a solid line and the mobility (.LLFE) is shown in a dotted line.

Figs. 20A and 20B show that the electric characteristics
of TFT manufactured by using the present invention is remarkably
improved. When TFT is manufactured by using the semiconductor
film, the number of crystal grain boundaries that may be contained
in a channel forming region can be reduced, since a crystal grain
of large grain size is formed in the semiconductor f£ilm, which
is crystallized by using the present invention. Furthermore, .
since the crystal grains arelformed in the same direction, it
is possible to reduce the number of crossing across the grain
boundary by carrier remarkably; Therefore, the mobility is 524
cm®/Vs at the n-channel TFT and the mobility is 205 cm?/Vs at the
p-channel TFT. When a semiconductér device is manufactured by
using such TFT, the mobility characteristic and the reliability

of the semiconductor device can be improved.

Embodiment 11

Inthisembodiment, anexample of conductingcrystallization




at nosphere at 550 OC for twelve hour (Fig. 21B) . Subsequently, an

| mprovenent of crystallinity of the sem conductor filmis perfornmed by

| aser anneal i ng nmethod. The inprovenent of «crystallinity of the

sem conductor filmis performed by the |aser annealing nethod under the
conditions that a second harnonic waveg OF YV04 | aser is used as a | aser
beam an incident angles ~ of the |laser beamrelative to a convex |ens 103

of an opfi easemysorducthovifiim byt g. di fferert dexhlcd ©rbm 1R HRBLd gul ar
shape beam whereby irradiating the sem conductor filmas noving the

subst r atld, @ndamepeshcriirA®hCmET of 68164 Ehé%érﬁ@é@ﬂ&uéf‘@rcfﬂ%%}ﬂfi ty
of the sem conductor film(Fig. 21C). In accordance with the E 0d1i nment 10,

a n-chameeldebekibkd wadharprepancel tdFFige. af € 29 ¥edaher eabh zﬁﬁ
electric characteristics of the n-chann%l TFT "and the p-'c%anﬁ%? are

-62- neasid &BA argl 23N an electric characteristic of the n-channel TFT 51
manuf actured by noving the substrate at a speed of 20 cm's is shown in

D 0: 220, an dteebing §82GACKRGLERbGS Lyt IEoR FITRTRL o Heh2R ROYLAC! ur e

by noving the substrate at a spee own 1 n _
Subst 1 ate o 1 BocbEushcg i th BnbdaziEhs 107 MBI "o s A 10 1
cubst 1 o o rEEoeHeaPf M 0he st Faplnbial Eropl e BN R i1 the
char act o et iU D 1 Rel, 1 e L e e e £ REPTBIHIS ¢ he
@lt tea\égbbﬁ%nt%%ohsssﬁﬁmf UTurhded 39819 apdPils £8 t\{ie NG Lne, deain
the semiconductor film by spin coating thereby forming é metal
containing layer 41. Then heat treatment is performed in the
nitrogen atmosphere at 500 °C for one hour and in the nitrogen
atmosphere at 550 °C for twelve hour (Fig. 21B). Subsequently,
an improvement of crystallinity of the semiconductor film is
performed by laser annealing method. The Iimprovement of
crystallinity of the semiconductor film is performed by the laser
annealing method under the conditions that a second harmonic wave
: ) of YVO, laser is used as a laser beam, an incident angles ¢ of
the lase;: beam relative to a convex lens 103 of an optical system
‘shown in Fig. 1 is set to 18 2 to form a rectangular shape beam,
whereby irradiating the semiconductor £ilmas moving the substrate
at a speed of 20 cm/s or 50 cm/s to.improve the crystallinity
-of the semiconductor film (Fig. 21C).
In accordance with the Embodiment 10, a n-channel TFT 51

and a p-channel TFT 52 are formed hereafter. The electric

characteristics of the n-channel TFT and the p-channel TFT are




(Wd) is set to 1.5 V. Mireover, in Figs. 22A to 22B and Figs. 23A to 23B,
drain current (I1D) and gate current (ID) is shown in solid line and the

mobility (9FE) is shown in dotted line. Figs. 22A to 22B and Figs. 23A to
23B show that the electric characteristics of TFT manuf actured by using
the present invention is remarkably inproved. Wien TFT i s manufactured by
using the sem conductor film the nuab@r of crystal grain boundaries that

may be degasunest, iand thleanneal efiactirig chgractesisbec! sguges n-dHiifhe R
crystal grain of large grain size is fornmed in the sem conductor film

whi ch i SIRT pdtmahufadtyedbyngoiagPt s ailibs tWerd a@Na sfald ber 8@/ Si nce
the formed crystal grains becone copnplete in one direction and there are

few graiis bbowdain €gf.022R( delBetrit! @i+ A8t &F OSELE oEOLhE D Ilatla
scanning direction of laser |light, it is possible to reduce the nunber of

Crossi ngFIt 62tandfactiiCe @i RoPeHBIERY Wb Ji L0t §BYHaADLY- ore,
It is understood that the nobi Iitg Is 510 CVM /Vs at rg?{]e nbch%(?;ﬁﬁjﬂ'FT

and t he inpbhbwhin 13002 5BR Vel abtih Ep,_l‘ga&g]t_ej{. . bR Hi ._cq.‘?ds.] 1,0 22B,
and the nmobility Islg% cm 51/ Vs attthgcﬁ}channe J'F:II-IIELIG g%dﬁ]l?%e no |nlellty S
199 CM2 7FYs 5 2tmdrtier 4 Ghded) i | },75% 3B, mobi ity
Is very excel In:ant. Wen a ?gmﬂiggﬁggcﬁJB?%u evi cfatét%l g%ngnﬁ%%% Iﬁ??fﬁ{/“ Fsi ng

such This shewitall kiby 2 90ARACLELLEELE AMLIR L ald ARk fe O IS0

sem conductor device 0 can be I nproved ( !

jg?hié’s T8 SX MBI AL E ByAn i nk St nd BULATHLY: B Bty 8E'd 4 32"
&m) is shown in Fig. 23B, respectively, in the laser annealing step.
As the measurement condition of the electric characterisfics,

the measurement point is assumed to be two points, the gate voltage

(vg) is sét to in the range of -16 to 16 V, and the drain voltége

(V@) is set to 1.5 V. Moreover, in Figs. 22A to 22B and Figs.

232 to 23B, drain current (ID) and gate current (ID) is shown

ig solid line and the mobility (UFE) is shown in dotted line.

Figs. 22_A To 22B and Figs. 23A to 23B show that the electric
characteristicsofTFTmanufacturedbyusingthepresentinvention

iv) is remarkably improved. When TFT is manufactured by using the
semiconductor film, the number of crystal grain boundaries that

may be contained in a channel forming region can be reduced, since

a crystal grain of large grain size is formed in the semiconductor

film which is crystallized by using the present invention.
‘Furthermore, since the formed crystal grains bedome complete in

one direction and there are few grain boundaries formed in the

direction crossed to the relative scanning direction of laser

light, it is possible to reduce the number of Ccrossing across




I's showmn. In the present Enbodi ment 12, difference between the
crystallinities is considered fromthe TFT characteristics. TFT (ref erred
to as P& hereinafter) is manufactured according to Enbodi nent 11 by
conbi nati on of |aser beam and thermal crystallization using nickel having
catalytic function In the crystallization. Fig. 25 shows dependency of
drain current - gate voltage characteffi3stic (ID-VG of the TFT (PG5) on
channel tienggbainObout@a@iynay r@aﬂrizETr(e;n%Eﬁran.t-omﬂe@%ﬁae,r E‘i’fﬁager) 's.
manuf actured by only | aser beamirradi ati on according to nbodi ment ™ 10.
Fig. 26 witessE6pendane i # ri,stj f.the T )
channel |ength. The cha?]trﬁg ﬂbﬁggﬁg%gag blgr‘év(}’Af%aﬁéazpcgﬁaéﬁga%%F& ogm
(O. It 4183t t hat e FT i ' y.case i.n the
ThoRANRy 1P 200 /g ng prorteitil ax SR ESST,

present enbodi nent. and e serm conduct o f the
ol ot o aen e 0N (Y geNoRILAEE RE Bog bt e At b b e roRABRCE frGna 1 (e
e ound 1o e Py 3 A8BOKE IVe Be TR in,2bampal Grr R b BRor2 thatis o
thi s pheneoRs Rog Hobiet sb TR R PP oL Aben A SRy CRbBICTar ¢ Uy ns
witn rodsdted 0% | RERRracToteAye Shor HEARS: nBbeBur BB anctithe MEBHALH 1 [ e
i1 o REGRCH ST PR ShEerLiRBid ot He SR omARE B dPYiamst and

@Itage. l\/e%sur.enent ids conduct ed
can be improved.

Embodiment 12

In Embodiments 10 and 11, an example in which a TFT is
manufactured by crystallization methods different £rom each other
is shown. In the present Embodiment 12, difference between the
crystalliinities is considered from the TFT characteristics.

TFT (referred to as PG6 hereinafter) is manufactured
according to Embodiment 11 by combination of laser beam and thermal
crystallization using nickel having cataiytic function in fhe
crystallization. Fig. 25 shows dependency of drain current - gate
voltage characteristic (ID-VG) of the TFT (PG6) on channel length.
On the other hand, TFT (referred to as LG6 hereinafter) is
manufactured by only laser beam irradiation accordingl to
Embodiment 10. Fig. 26 shows dependency of ID-VG characteristic
of the TFT (LG6) on channel length. The channel length is 1.5
#um (A) and 2.0um (B) and 3.04m (C). It is to be noted that an

n-channel TFT is used in any case in the present embodiment.



to know whether simlar tendency is observed in a partial depletion type
havi ng 150 nm as thi ckness of the sem conductor film In Figs. 27 and 28,
| D-VG characteristic is showm. The extraordinary junp up of the drain
current in the off region is influenced by drain voltage. As the drain
voltage is increased, the extraordinary junp up of the drain current is
conspi cuous. However, even if the infPAence is included in the

consi derationin Fighurns S iéEﬂtﬁé“%éﬁgﬁdﬂhﬂ%ﬁ3¥ifﬁlﬂ”dﬂ"t&%§gﬁﬁF1%9
wi thstand voltage between the source and the drain. Also, It is judged in

the partigalsedapl et woBn! ¥Aest BRL cRER IS h{l.ghii: ng%&ﬁﬁ&%”@o‘é%&?g%e Rgt ween

the source and the drain. The above result suggests that Suitable in

the caseonthere ol s 0" RE IETCLRE BAMAZRO AL Qorft SO O 07

| evel . -65 Enbodi ment 13 Various senic evic Px type

oy ol FEEURS, EhoBnalo e iferd Sty SR fOR  Aas” Eriy 5| o

or active matrix type EC display device) can be t he
D eoer Al SR RS R el NE EGRE Ty 1SR LG,  BheiERer "
2o SOUB B, B SRR (A0 S FL SO SRR BIROL LT 5 1 o0
RGRL S AR R A IR T A
or an eggckﬂg nti:l({az?r?gf &;s(::é )aH?CI;UItl _e IIink(i“';inyFic Ss'e,lla}.'f:\ tt?lr%ﬁsl:bu%:Sf:\hat as
:) the channel length becomes short, PG6é becomes superior to LG6
withrespect towithstandvoltage bétween the source and the drain.
In the complete depletion type having a small thickness.
of the semiconductor film, a significant difference is found in
the source and drain withstand voltage. Measurement is conducted
to knowwhether similar tendency is observed in a partial depletion
type having 150 nm as thickness of the semiconductor £ilm. 1In
Figs. 27 and 28, ID-VG characteristic is shown. The ex_traordinary
jump up of the drain current in the off region is infliuenced by
) drain voltage. As the drain voltage is increased, the
extraordinary jump up of the drain current is conspicuous.
However, even if the influence is included in the consideration,
it turns out that the PG6 is superior with respect to withstand
voltage between the source and the drain. Also, it is judged
in the partial depletion type that PG6 is high in withstand voltage
between the source and the drain.

The above result suggests that PG6é is suitable in the case

where element dimension of TFT is miniaturized into. a submicron




to 15D, .and 16A to 16C show one of its exanples. Fig. 14A shows a persona
conputer which includes a main body 3001, an inage input portion 3002, a
di splay portion 3003, a keyboard 3004 and the |ike. The personal conputer
of the present invention can be conpleted by applying the sem conduct or
device manufactured by the present invention to the display portion 3003.
Fig. 14B shows a video canera which ingéudes a nmain body 3101, a display
portion Bkl . a sound i nput portion 3103, operating sw tches 3104, a
battery 3105, an inage receiving portion 3106 and the |ike. The video
canmera of the present invention can be conpleted by applying the

sem conduct or device manufactured by the present invention to the display
portion Bhfaim&bs f39. 14C shows a nobile conputer which includes a main
~ body 3201, a Tanmera portion 3202, an inage receiving portion 3203, an

operating sw kghi 3204, . .§ﬁ%ﬁﬁ rdian 3205 and the.like The, nopi | e

conmput er of the preseﬁ?ﬁFgéﬁn |oﬁﬁgg%ﬁ§§%§) 3&8& m8§ré§p?¥Pﬁ %QEQA

sem con qui factured by the present _.inventi ,todige_display
. a . .

porti an-%%% ng gsgﬁ‘ﬁ@ OvE® a %50 lg‘f/ee"‘fa%ﬁé'xd P Ay IR %ﬂlT?E%PH V1L8min

body 33 |.Spl ortio ggpz, ar ortions 3303 and the |like. The

goggl e %#pg@g??%ﬁ%a?ﬁ'xbj?x ttﬁé’egfﬁ éﬁpliar?\r:é%i’?‘ﬁﬁ?m Be FURAEPERAPRAY | yvi ng

t he senuﬁ&pggét%r devbce ranuf agtured by the present invention to the

di spl ay pot Proac3sovVeREionae %ﬁ%%é’ac%pa&erﬂl% PR§SEntelry e hyoReAum on

whi ch %mprgg%ﬁg]i ,rec%{ded herei nafter referred to as the recording

medi um) ,*arft eﬁfa?;?erﬂ Rt APy FuEnY £3R pimyvigeit isgeh

{:) an electro-optical device is incorporated in a display portion.

Such electronic equipment is a video camera, adigital camera,

a projector, a head-mounted display (goggle type display), a car
navigation system, a car stereo, a personal computer, a mobile
informationterminal (such as.amobile computer, amobile telephone
or an electronic book etc.) or the like. Figs. 14A to 14F, 15A
to 15D, and 16A to 16C show one of its examples.

Fig. 14A shows a personal computer which includes a main
body 3001, an image input portion 3002, a display portion 3003,

) a keyboard 3004 and the like. The personal computer of the present
invention can be completed by applying the semiconductor device
manufactured by the present invention to the display portion 3003.

Fig. 14B shows a video camera which includes a main body
3101,adisplayportionBloz,asoundinputportionBlOB,operating
switches 3104, a battery 3105, an image receiving portion 3106
and the like. The video camera of the present invention can be
completed by applying the semiconductor device manufactured by

the present invention to the display portion 3102.




3402, speaker portions 3403, a recording nmedi um 3404, operating sw tches
3405 and the like. This player uses a DVD (Digital Versatile Disc), a CD
and the like as the recording nedium and enables a user to enjoy nusic,
nmovi es, games and the Internet. The recording nediumof the present

I nvention can be conpleted by applying the sem conductor device

manuf actured by the present inventioréée the display portion 3402. Fig.

14F sh digigal B il di spl. ti
A e S

recei vi ng299! t 408ah8Pk ﬁ@PW%T agdgbhe | ip?ge TP&E%%Q%%%' B%%g%éﬁ 035 (&éC?Ce

present invention can be conpleted "by ap I'ng

manuf act 4% esh oy sHfr Lpvention to the display poriion, 3502.
Fig. 15A sﬁ%\)/vs %iﬁ%ﬁétﬁt%%% 3p2?(7)% ‘ect or %\ﬂ%‘laghpf)ﬁ%:lﬁ eg‘iﬁs éPaj g%?i Bevi ce
3601, a 2 Lke, The fropt. type. projector can be

conpl et e@%&@%ﬁ?&%‘g’n@“#%ﬁ% @rl?/s?ﬁ?sﬁﬁlgp}%‘{/gg% P ceanghy GRMRieted
constit rt the projection device 3601 and ot her driver

ci rcui tls}t.B f%‘."g’.le’?é’é g&%m%er%f?%{a‘fu?%% Ad5VIiCEPBRULAT EUTEA . 4B RESRERE Dbody
3701, a | Lon, devi ce_ 370 a mrror 3703, a screen 3704 and the |ike.
The rearﬁg‘&f)lgg}bcr’%j E%t%lf‘ec‘aﬁsﬁia%o%FE%‘éﬂ B9%3pplying  the liquid crystal

di spl ay devi 0%380514 ich constitutes a part _of the projection device 3702
and ot her driverd cit#PufRews g goggie EnpRedivRlax spidh dnclydes: pukaine of
each of ghégﬂgr gj ecti.on _devi ces 3601 and 3702 which are respectively shown
in Fi gs.?A5A3aNY - 13 E815PdaN RPTEHRN 3G %car® pardiicnss 3300 arshyhe like.

\/:) The goggle type display of the present invention can be completed
by applying the semiconductor device manufactured by the present
invention to the display portion 3302.

Fig. 14E shows a Player using a recording medium on which
a program is recorded (hereinafter referred to as the recording
medium), and the player includes amain body 3401, adisplayportion
3402, speaker portions 3403, a recording medium 3404, operating
switches 3405 _and the like. This player uses a DVD (Digital
Versatile Disc), a CD and the like as the recording medium, and

' ) enables a user to enjoy music, movies, games and the Internet.
The recording medium of the present invention can be completed
by applying the semiconductor device manufactured by the present
invention to the display portion 3402. |

Fig. 14F shows a digital camera which includes a body 3501,
a display portion 3502, an eyepiece portion 3503, operating
switches 3504, an image receiving portion (not shown) and the
like. Thedigital cameraof the preseni: invention canbe completed

by applying the semiconductor device manufactured by the present




3702 is made of a light source optical

system 3801, mrrors 3802 and 3804

to 3806, a dichroic mrror 3803, a prism3807, a liquid crystal display
devi ce 3808, a phase difference plate 3809 and a projection optical system
3810. The projection optical system 3810 is nade of an optical system

i ncluding a projection |ens.
three-plate type, but it 1is not

Present enbodi nent
limt®F-to this exanple and may al so be of

Is an exanple of a

a singl dipleatteior ye tHen dilhIaPpotiase 3@z enbody the invention may

appropriately di spose an optical

having a pol atigzatism $Newsi @nsradi | #)de
IRfilmor the like in the path indicated
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optical system 3801 shown in Fig

sour ce aRipeiito FASLAEARDBE ddin
3812, lens arrays 3813 and 3814, a

in Fig. 15D is one exanple
‘to the %B@W“aﬁan%Eh%Eihﬁﬁ ver'c

system such as an opti cal

lens, a film
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| ssqyee

hIS e ment , e Ilg
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con g?%%%XgEF%%%ﬁP 15 and

Sten1shomm
VS inited

enbody the |nvention

an
Fig.

ion is n
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may appropriately dispose an oﬁtlca}H |l ens, a

i freronce. SASTREPR bsi 3 Fin 2¥pr Brp P r o ALk B P FHidr e mesA 1o 15D
s of t of ejectro optical device, but

t
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safl ecti .
@ 588 the 1ike. The rear type projector can be completed by applying

systen1 such as an optica
hase

the liquid crystal display device 3808 which constitutes a part
of the projection device 3702 and other driver circuits.

Fig. 15C shows one example of the structure of each of the
projection devices 3601 and 3702 which rare respectively shm;m
:i.'n Figs. 15A and 15B. Each of the projection devices 3601 and

3702 is made of a light source optical system 3801, mirrors 3802

and 3804 to 3806, a dichroic mirror 3803, a prism 3807, a liquid

_ crystal display device 3808, a phase difference plate 3809 and

‘ ) a projection optical system 3810. The projection optical system
3810 is made of an optical system including a projection lens.
Present embodiment is an example of a three-plate type, but it
is not limited to this example and may also be of a single-plate
type. In addition, those who embody the invention may
appropriately dispose an optical system such as an optical lens,
a film having a polarization function, a film for adjusting phase

difference, an IR £ilm or the like in the path indicated by arrows

in Fig. 15C.



type of electro-optical device and a light emtting device. Fig. 16A shows
a nobile tel ephone which includes a main body 3901, a sound output portion
3902, a sound input portion 3903, a display portion 3904, operating

swi tches 3905, an antenna 3906 and the like. The nobile tel ephone of the
present invention can be conpleted by applying the sem conductor device
manuf actured by the present invention@8 the display portion 3904. Fig

16B shows a nwhigl.e 1500k o @l %@W&%ﬁ%@kbn@ﬁﬁ%o%%e%heas@d&m 4001,

di splay portions 4002 and 4003, a storage ne operating Swtches

4005, amfarhennagh®O8oareet BRthiEke s}gfe{nﬂggbiesﬂg‘gﬁ 24 IL:[% Pf&eent,

I nvention can be conpl eted by appl yi ng sem conduct or  devitce

manuf actiiied eab olditeteS @ie 131 i 09~ e rtions 4002 and
4003. Fig. 16C shows a displ ay |csﬁﬁlrr% g tetg'ctgﬁ'nggiﬁ%%égés% iy "ﬁ?dﬁjpport

rvent on San becogE] SEeh s S ot S, i AR s oo
et SC818d Ripd D 06 Uorl MO S50 o R PTG T,
(parti carasry, nfadhEILEY ML TY nR B0REs P ETeat, awethR FoPEBoRRy
Sesc LEPABR, 1DEh Ve B! R S SIS T 202 ST e
const r it iECHaEE $heS S Ehn S wreLih; 1 ke ermwle. thole whose | | -
’D embody the invention may appropriately dispose an optical system

such as an optical lens, a film having a polarization functicn,

a film for adjusting phase difference, an IR film or the like.

The projector shown in Figs. 15A to 15D is of the type using

a transparent type of electro-optical device, but there is not

shown an example in which the invention is applied to a reflection

type of electro-optical device and a light emitting device.

Fig. 16A shows a mobile telephone which includes a main

body 3901, a sound output portion 3902, a sound input portion

.\ ,:

3903, a display portion 3904, operating switches 3905, an antenna
3906 and the 1ike. The mobile telephone of the present invention
can be completed by applying the semiconductor device manufactured
by the present invention to the display. poftion 3904.

Fig. 16B shows amobile book (electronic book) which includes
amain body 4001, display portions 4002 and 4003 . & storage medium
4004, operating switches 4005, an antenna 4006 and the like. The
mobile book of the present invention can be completed by applying

the semiconductor device manufactured by the present invention




of Enbodinments | to 6 and 8 to 11 or Enbodinents 1 to 5 and 7 to 11.
Enbodi nent 14 In the present Enbodi nent, an exanple in which a |inear beam
is formed using a diffractive optics (diffraction grating) instead of the
convex lens used in Enbodinment I will be described belowwth reference to
Fig. 24. .In Pi g. 24, a laser 401, a mrror 402, a diffractive optics 403,
a |linear beam 406, a non-irradiated bO'(fsﬂ‘104 and a glass substrate 105 are
depi ct edte Mhreolssplahepoet toraceoonendl £049.7, 108 and 109 denote the
-~ directions in which the substrate is noved: -70- Wen the | aser beam
emitted from tFigy.| aser sBB¥si & dNSHILPIWHIEH iddQald b ﬁ}ﬁihvﬁod’ftif@ 403 via
the mirror 402, the linear beam 406 can be forned on the irradiatioh
sur f ace aprsuppadnts basieghorhoad aisphayspareieh 4h9s3! hpgatndeprduy fg, f or med
by appropriately designing the diffractive optics. Mreover, 1f the |inear
beam i tidARy Yoi MY HeddH10 diRedtiadi &ld i rference
can be prevented. It should be not edJ'Ehat a g%a%%@é%ﬁ:feér Ii)&s arsbterﬁ'}ﬁlg‘f%\een
the |asgie 48hi2dadubecd BEYLc40RaniEal n | [or, 402 and the
diffractive optics 403, and rrgy %gnexgaﬁg}eégﬁi Pl%gé?%]eﬂlraee%‘?ir}ig&nsvieznetsloq n both
of the l@oeie dak8pihgn pRAL e 20958t i T |.on respecti.vel y. reover,
the mrror may not 5begset, olr. a pPgéél rI'th% Jg}%e.rﬁffir%l? slﬁa?aﬁé:lfé%iar%%’en,
uhi et eviaitadiedhBARL Al TBAGENSLALSn Y b i LY 8185 5 ddvaidhdddadidl e the

desired regi on or whol e area” on
adisplay havingadiagonal size of 10 inches or more (particularly,
Q 30 inches or more).

As is apparent from the foregoing description, the range
of app;ications of the 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 6 and 8 to 11 or Embodiments 1 to 5 and 7

to 11.

) Embodiment 14

In the present Embodiment, an example in which a linear
beam is formed using a diffractive optics (diffraction grating)l
instead of the convex lens used in Embodiment 1 will be described
below with reference to Fig. 24,

In Fig. 24, a laser 401, a mirror 402, a diffractive optics
403, a linear beam 406, a non-irradiated body 104 and‘a glass
substrate 105 are depicted. Moreovei:, the reference numerals 107,

108 and 109 denote the directions in which the substrate is moved.




body 104 by being relatively noved with respect to the irradiated body 104
, for exanple, in the direction indicated with the reference nuneral 107
or the directions indicated with the reference nunerals 108, 109. Since in
the present invention, the optical systemfor formng the |inear beam has
a very sinple configuration, it is ea%y to make a plurality of |aser beans
| i near beans having the sahe shape on e irradiation surface. Therefore,

si nce t Hhemrihe daseal bromi emtatetetlromtthd laker a@i100sWEE Ladhy 1dgar
beam irradiates, the whole surface of the irradi ated body reaches to have

a uni formwlﬁﬁimcqﬂ\@mﬁmde&lﬁlItmbgﬁ\ﬁhtkohrstlﬁﬂhaf‘ﬁédllné‘ar ldespoul d
be noted that in Enbodi nents 2-4, as in the present Enbodi nent, the

di f f r act40fecapbecBommed dnhdaisethd st €66 saf-Flke &ﬁ%@.ﬁs'rfél Shdd Id be
noted that the optical systemof the present | ment™ cou e freely

nbi nedhe td¢h ol BS 13 !
conbi ne &1 00E MEAES 13 nleflrO Wi - mgyebéu@gmﬁ %éro?fr'ggﬂrdat | one%f t he

I ndi cated as follows can be obtained by enploying a

present dewaasiin thealiSeRae il SpR (el yMé'gEBlrch' edecond iguratlon, the

optical adjustment is easy and the device econes$ conpact T n Si ze

Sim | arlig sidnt e 1683 @cWRER Aehb Yirdladdik dfon dxef%;'g f o%fgl%‘élz:l gg:leglgq%m is

plurality of lasers of different kinds are use

easy, ardd MR §RUVR tRRLONES conpact in size. (b) Since being stantly
incident with respect to a plurality -

It should be noted that a beam expander is set between the
) laser 401 and the mirror 402, or between the mirror 402 and the
diffractive optics 403, and may be expanded into the desired sizes
-in both of the longer direction and the shorter direction,
respectively. Moreover, the mirror may not be set, or a plurality

of mirrors may be set.

Then, while the linear beam formed in thig way irradiates,
it can irradiate the desired region or whole area on the irradiated
body 104 by being relatively moved with respect to the irradiated
body 104, forexample, inthedirectionindicatedwith the reference

} numeral 107 or the directions indicatedwith the reference numerals
108, 109. |

Since in the present invention, the optical system for
forming the linear beam has a very simple configuration, it is
easy to make a plurality of laser beams linear beams having the
same shape on the irradiation surface. Therefore, since the same
annealing is carried out in any region where any linear beam
irradiates, the whole surface of the irradiated body reaches lto

have a uniform physical property and the throughput is enhanced.



of lasers, the return beam can be prevented, and it becones a sinpler
configuration. (c) Even in the case where the irradiation of |aser -is
carried out using a plurality of |aser beans, since the optical system is
sinplified, it is capable of easily naking the sane shapes of the all

| aser beans. Therefore, uniform annealing can be carried out to the

irradi ated body. This is particularly-éfiffective in the case where a

ol ural |ty tor P oLarbaaBEER thdl bh BRBRhuNeREIT o b Re LR cFRRLBFABORT over

plurality of |aser beans. eretore,

output, ghboh$ figlenddy applicabl e by enploying a plurality of these.
(e) The thrgugﬂ%ﬁ%fi@%argpld%qreao%l‘beeioﬁglé%nﬁ%é&b@ e fl)“’vﬂﬁiela@ygﬁt?%%yi ng
t hese adggﬂ{ré\:gef Sscri bedabove, still npbre, the enhancenent of the
operating pr oper?y and reliability of -a sem conductor device can be

realized in a m.coQ tor device represented by an active matrix type
crystal displ a@gcf&ﬂ@gij%%ﬂf’ REr FRRE, the onteinak sy tem phetharmresent i ng

cost of fthe - sem cond %;e'devi ce can be realized. 73 1. A |laser
i rradi at FoRCHRUTRE CUHA kg AFeely coubinednwishdEmbediments optihquaiher ei n
said diffractive optics is set so that a |aser beamemtted fromsaid | aser
Is slan I nci dent w respec o an irradi ated surface. 2. aser
I 1y dent th pect t di ated f 2. Al
i rradi ation de;r\ﬁ ce conprising: a laser; and
e fundamental significances indicated as follows can be

obtained by emploving a configuration of the present invention:
\/) {a) Since it is avery simplified configuration, the optical
adjustment is easyand the device becomes compactinsize. Similarly
in the case where a plurality of lasers of the same kind or a
plurality of lasers of different kinds are used, the optical
adjustment is easy, and the device becomes compact in size.

(b) Since being slantly incident with respect to a plurality
of lasers, the return beam can be prevented, and it becomes a
simpler configuration.

{c) Even inrthe case where the irradiation of laser is carried
out using a plurality of laser beams, since the optical system
is simplified, it is capable of easily making the same shapes
of the all laser beams. Therefore, uniformannealing can be carried
out to the irradiated body. This is particularly effective in
the case where a substrate has a large area.

(d) It greatly simplifies synthesis of a plurality of laser
beams. Therefore, even if it is a laser having a lower output,

it is sufficiently applicable by employing a plurality of these.

(e) ‘I'he throughput is capable of being enhanced.




a diffractive optics, wherein said diffractive optics is set so that a

| aser beamemtted fromsaid laser is slantly incident wwth respect to an
irradi ated surface; and wherein a shape of said | aser beamis deforned
through said diffractive optics so that said shape of said | aser beamis
in a linear shape on said irradiated surface. 3. A laser irradiation device
conprising: a laser; and a diffractive’dptics, wherein said diffractive

Pl Gont Wi th ¢ e ey R B o S T P e "5 ey

incident with respect to an iIrradi at erein a

of 54 d [acer paarencoMAIo ThE, ShLAEhL T AR Rl PRI b
being ser” eI teP beVEet ol B Rt b S A R e i tor Bl
w th resseBrorsrsdn 7, An BTay s 5P S Sre v vel| ShemieE.preispon: 0

> arct )) : Agggvhce ac orgin to claim1l, wherein said |aser
is a solid g%é%%éfQSeFPéa cqgﬂﬁ”o%rt en&?&PfF§§€F¥ﬁ9(ﬁﬂﬁﬁrﬂﬁu§he
oscill atjon, oscillation. 5. A device according to claim2, wherein
sai d |as%§ﬂ%§6%&§%€55 é?%f%elﬁgﬁrpear§§§129§ser or a ngtal | aser of
continuous oscillation or pulse oscillation. 74 6. A device according to
claim3, wherein said laser is a solid state |aser, a gas |aser or a netal
| aser of continuous oscillation or pulse oscillation. 7. A device according
to claim1, wherein said |laser is one selected from YAG |aser, YVO |aser,
‘YQF | aser, YALQ3 |aser, glass laser, ruby laser, alexandrite laser, Ti:
sapphire laser of continuous oscillation or pulse oscillation.



8. A device according to claim?2, wherein said |laser is one selected from
YAG |aser, YVO |aser, YLF laser, YALB |aser, glass |laser, ruby |aser,

al exandrite laser, Ti: sapphire |laser of continuous oscillation or pulse
oscillation. 9. A device according to claim3, wherein said | aser is one
selected from YAG |aser, YVO |aser, YLF |laser, YALO3 |aser, glass |aser,
ruby | aser, alexandrite laser, Ti: sapphire |aser of continuous
oscillation or pulse oscillation. 10. A device according to claim1,
wherein said | aser is one selected fromexciner |laser, Ar |laser, Kr |aser
and C2 | aser of continuous oscillatidhd or pulse oscillation. 11. A device
according to ci%ﬁ\ 2,. %erei said laser is one selected from excinmer

| aser, Ar | aser /> RFCIIFAUFIBGVICEPOIPERRS of conti nuous oscill ation or pul se
oscill ation. 1Rlasok aevi ce according to claim3, wherein said |aser is one
sel ected from gxed er, Ar laser, Kr laser and CO2 | aser of

cont i nuous osc?%%@gﬁogﬁ‘pul se oscillation. 13. A device according to
claim 1, wher eVhergigiseiddiifiaptiveconiprissel sedha @ lascobsaneemitind fremaaidiaser Bser
copper Vvagaiilyl iasiént angh resPleét 1y ap Bfadiad&Bfurfae. conti nuous oscillation or pul se
oscillation. 14. A device according to claim2, wherein said |aser is one
sel ected fromhelium cadm um | aser, copper vapor |aser and gold vapor

| aser of contihuolascrogadidticatdeyive opmpuidise  oscill ation. 75 15. A devi ce
according to c}gidR shg Wherein said |aser is one selected fromhelium

cadm um | aser, capper vapor |aser and gold vapor |aser of continuous
oscillation ora%\% dve i 1ation. 16. A device according to claim1,
wher ei n sai d |sbetinbedniiffinctieoperd Bdet sotthata ladat Bhaat erhigied GidinCsakblMer isSi ng a
non- | i neajiq Rt abn ShTEGket & In iR GALGQI 0 ng Lo claim 2, wherein sai d
| aser beam 1S converted rnto a higher harrfoni c wave using a non-Iinear
optical el emen¥herdig a shapreof s lases beam aydeformeadahrough saif diffpetivemiptics s9ser beam
i s conver thetkaid¥h@p@of said laser beam is in a linear shape on said irradiated surface.

3. A laser irradiation device comprising;

a laser; and

a diffractive optics,

wherein said diffractive optics is set so that a laser beam emitted from said laser is
slantly incident with respect to an irradiated surface;

wherein a shape of said laser beam is deformed through said diffractive optics so
that said shape of said laser beam is in a linear shape on said irradiated surface; and

wherein a beam length w of said laser beam incident into an irradiated body being
set over a substrate, the thickness d of said substrate, and an incident angle 0 of said laser
beam at which said laser beam is incident with respect to said irradiated body satisfy the
following expression:

6 = arctan (w/(2 x d)).

4. A device according to claim 1, wherein said laser is a solid state laser, a gas
laser or a metal laser of continuous oscillation or pulse oscillation.

5. A device according to claim 2, wherein said laser is a solid state laser, a gas
laser or a metal laser of continuous oscillation or pulse oscillation.




hi gher harnoni ¢ wave using a non-linear optical elenent. 19. A device
according to claim3, wherein said incident angle 0 is Brewster's angle.
20. A laser irradiation nmethod conprising: emtting a |laser beamfroma

| aser; making said | aser beam slantly incident with respect to a
diffractive optics; setting an irradi ated surface so that said | aser beam
travel ed through said diffractive optics is slantly incident with respect
to said irradiated surface; deform ng a shape of said | aser beam so that
sai d shape of said |laser beamis in a_|I|inear shape on said irradi ated
surface; and irradiating said |inear ["Aser beamto said irradiated surface
while said |i ngg‘% | aser beam and. sai d, i rradaicii ed surf ge are relatively
moved. 21. A |4sdVIT AEHOHTHI HEIhod VEEHH § f?@?r is & SHE 4588 beam
from a | akeer;or pmictal dassmeftohtmmus bedlintioh anphiye osodiademt Wi th respect to a
diffractive optics; setting an irradi ated surface so that said | aser beam
travel ed through said diffractive optics is slantly incident wth respect
to said irradi at&die¥ise peroEIng & slapm dg Whershngiid bsersigioge selseed FeEnY 4§ t hat
sali ]g shapasaf Y&@),dadedSELF bﬁ@m&fﬁq3 Mas8r, gllsis@ ®R¢r, E&Iﬂﬂ@se@ﬁaléj_&gldﬁﬂe rui%_g At gd

surf ace; - r ing said.linear |aser.beamto said irradiate
surface w?]alri5 glélzegglg% 0??%@épo%aossglrugn%ne(grﬁlﬁasﬁéas%lﬁ?tami‘ rradi ated surface are
relatively noved, wherein a beamlength w of said | aser beamincident into

saibdt ir { adi at egl £Wetid6 Becob@hf %o 8Em QY SheirSHHRF 14t 8 onk REKBE BInAYRG Sai d
substrate

an i.dent | e aid |aser beam at ch.said | aser beam
i's inci deRFui't 4#8?&%@???6"3%’@5? ﬁ?’sﬁﬁigi?ﬁé & FY Se§=a;’tvyig§’P teﬁ?FéLf Il owi ng
expr essi osappbirglasarof eentimmposkillaidn or pulse oscillation, '

9. A device according to claim 3, wherein said laser is one selected from YAG
laser, YVO, laser, YLF laser, YAIO; laser, glass laser, ruby laser, alexandrite laser, Ti:
sapphire laser of continuous oscillation or pulse oscillation. '

10. A device according to claim I, wherein said laser is one selected from excimer
laser, Ar laser, Kr laser and COs laser of continuous oscillation or pulse oscillation.

11. A device according to claim 2, wherein said laser is one selected from excimer
laser, Ar laser, Kr laser and CO; laser of continuous oscillation or pulse oscillation.

12. A device according to claim 3, wherein said laser is one selected from excimer
laser, Ar laser, Kr laser and CO; laser of continuous oscillation or pulse oscillation.

13. A device according to claim 1, wherein said laser is one selected from helium-
cadmium laser, copper vapor laser and gold vapor laser of continuous oscillation or pulse
oscillation. '

14. A device according to claim 2, wherein said laser is one selected from helium-

cadmium laser, copper vapor laser and gold vapor laser of continuous oscillation or pulse
oscillation.




22. A nethod according to claim20, wherein said | aser beamis oscillated
froma solid state |laser, a gas laser or a netal |aser of continuous
oscillation or pulse oscillation. 23. A method according to claim 21,
wherein said | aser beamis oscillated froma solid state |aser, a gas

| aser or a netal |aser of continuous oscillation or pulse oscillation. 24.
A nmet hod according to claim 20, wherein said | aser beamis oscillated from
one selected from YAG | aser, YVO4 | aser, YLF |aser, YALQ3 |aser, glass

| aser, ruby |aser, alexandrite |laser, Ti: sapphlre | aser of contlnuous
oscillation or pulse oscillation. 25. 7& method according to claim 21,
wherein said | beamis oscil]ated from one selected fr AG | aser,
YWO4 | aser, YL A 12adeyice agrardeg tagts?ﬁm 3g?v£%r§m| sgigldpser s g selegiedfro é@é&l&ndr ite

| aser and cﬂﬁmmmdpq@hl doppdraaper leder aahgdld sapes 1asCofl doatim@is Oﬁcﬂ}lmﬂoﬁfbr pulse
oscillatig Q?;ﬁﬁ A net hod according to claim 20, wherein said | aser beamis
oscillated from one selected fromexciner |aser, Ar laser, Kr |aser and
CQ2 | aser of continuous oscillation or pulse oscillation. 27. A nethod

according to chai Mdelice Wb&i@hg t& dlath 112 9@erdlt 1A 1 He0B&i {sadoRderdddamo pne
Iaser and CO2 | aser of continuous

sel ected

oscill ati i&{ 8"’rhaﬁn& %lewgg%}l??‘%ﬂl%rhlmeﬁo%qf& *WE¥hod according to clai m 20,
wherein said |laser beamis oscillated from one selected from

hel i um cadm umyy, Q&Ql'éwc@%@d?ﬁd&ng’ P tairh QS Whe%ﬂfisﬁ@llfgelv BRRY isl @R into a

contlnuouEﬁﬁ_ illation or .pulse osci . A nethod according to
claim21 ErETHOYS MEVT BEke 2 By ?%OEE%A?F%W@d from one selected from
hel i um cadm um | aser, copper vapor |aser and gold vapor |aser

cont i nuous oscnéI&tde%e%co@aihg%gﬁﬁhls'@Jh sl 1acht BERT AT e{ﬁh{&g to

claim 20, wherein sald laser Beamis ¢to ve arnoni ¢ wave
t hrough ali®BF-Narmess wape eng 2 aerslessr optral elamegtt hod accordl ng to claim 21,
wherein said | aser beamis converted into a

19. A device according to claim 3, wherein said incident angle 6 is Brewster’s
angle.

20. A laser irradiation method comprising:

emitiing a laser beam from a laser;

making said laser beam slantly incident with respect to a diffractive optics;

setting an irradiated surface so that said laser beam traveled through said
diffractive optics is slantly incident with respect to said irradiated surface;

deforming a shape of said laser beam so that said shape of said laser beam is in a
linear shape on said irradiated surface; and

irradiating said linear laser beam to said irradiated surface while said linear laser
beam and said irradiated surface are relatively moved.

21. A laser irradiation method comprising:

emitting a laser beam from a laser;

making said laser beam slantly incident with respect to a diffractive optics;

setting an irradiated surface so that said laser beam traveled through said
diffractive optics is slantly incident with respect to said irradiated surface;

deforming a shape of said laser beam so that said shape of said laser beam is in a
linear shape on said irradiated surface; and




hi gher

har moni ¢ wave through a non-linear optical elenent.
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irradiating said linear laser beam to said irradiated surface while said linear laser
beam and said irradiated surface are relatively moved,

wherein a beam length w of said laser beam incident into said irradiated surface
being set over a substrate, thickness d of said substrate, an incident angle © of said laser
beam at which said laser beam is incident with respect to said irradiated surface satisfy
the following expression:

0 = arctan (w/(2 x d)).

22. A method according to claim 20, wherein said laser beam is oscillated from a
solid state laser, a gas laser or a metal laser of continuous oscillation or pulse oscillation.

23. A method according to claim 21, wherein said laser beam is oscillated from a
solid state laser, a gas laser or a metal laser of continuous oscillation or pulse oscillation.

24. A method according to claim 20, wherein said laser beam is oscillated from
one selected from YAG laser, YVO, laser, YLF laser, YAlO; laser, glass laser, ruby

laser, alexandrite laser, Ti: sapphire laser of continuous oscillation or pulse oscillation.

25. A method according to claim 21, wherein said laser beam is oscillated from

- one seclected from YAG laser, YVO; laser, YLF laser, YAIO; laser, glass laser, ruby

laser, alexandrite laser and Ti: sapphire laser of continuous oscillation or pulse
oscillation.

26. A method according to claim 20, wherein said laser beam is oscillated from
one selected from excimer laser, Ar laser, Kr laser and CO; laser of continuous
oscillation or pulse oscillation.

27. A method according to claim 21, wherein said laser beam is oscillated from
one selected from excimer laser, Ar laser, Kr laser and COQ, laser of continuous
oscillation or pulse oscillation.
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28. A method according to claim 20, wherein said laser beam is oscillated from
one selected from helium-cadmium laser, copper vapor laser and gold vapor laser of
continuous oscillation or pulse oscillation.

29. A method according to claim 21, wherein said laser beam is oscillated from
one selected from helium-cadmium laser, copper vapor laser and gold vapor laser of
continuous oscillation or pulse oscillation.

30. A method according to claim 20, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

31. A method according to claim 21, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element. '




