METHOD OF MANUFACTURI NG A SEM CONDUCTOR DEVI CE  BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to a nethod of
manuf acturi ng a sem conductor 5 device, which includes a process of

anneal ing a senm conductor filmusing a | aser beam (hereinafter referred to
as |aser anndiTHOHD CEFMANUFACTURING A SEMIOONDUCTORIBEVICEOpt i cal
devi ces such as liquid crystal display devices and light emtting devices,
and el ectronic equi pment that contains the el ectro-optical devices as
conponents. 10 2. Description of the Related Art In recent years, a

t echni que of crystallizi BAGKSEDOEMOUOETHE INWERITIESN over an insul ating
substrate nade of glass or the like, and inproving the crystallinity of

the filmhas been extensively studied. In order to acconplish the

obj ectives described above, the filmis heated and/or |aser anneal ed. For
f orm ng t he. Hibldsefmhedndeetion film it is a cormon practice to use silicon.
In this specification, laser crystallization refers to a nmethod of
crystallizing ?Ehspmsenndwehabnfrelbfﬁsba atRéth®d Fimddifadrasiah aReamdeleRiai n a
crystalline semconductor film Note that, in this specification, the
crystal bi ndewdesyilointuathide§ ial procesk ef %nh@al&ﬁlﬁa%@mi&ﬁﬁﬂié%roﬁlrﬁ h!nﬁb'a”lasé’fh' ch
crystallized areas exist. 20 The crystalline sem conductor filmformed by

the cryst abdanz dhéemaferheftrasl rooeslasdrhbetheaahaye sossesdRstdd c&hnd@ébiérélhy For
this reason, the crystalline seniconductor filmis increasingly enployed

in vari ousmdhxdeceEca*qufptﬁfal Rkt shtle ast Ngeid| tx%lﬂa@ disfp\lﬁ} abviebeshaonapt i cal
devices. In these electro-optical devices, thin film1l transistors t(TFTs)

‘aije fornedethitringdasiced, ahdd El%cﬁbﬁﬁ:te@lhmrﬂ@m&@iﬁt @&Mﬁﬁttﬁé elfet{rmop%ﬁ‘él for
driving pixels and TFTs for driver circuits are fornmed on a single g ass

substr at e. as components.

10 2. Description of the Related Art
In recent years, a technique of crystallizing a semiconductor film formed over
an insulating substrate made of glass or the like, and improving the crystallinity of
the film has been extensively studied. In order to accomplish the objectives
described above, the film is heated and/or laser annealed. For forming the

15 semiconductor film, it is a common practice to use silicon. In this specification,

y laser crystallization refers to a method of crystallizing a semicon&uctor film by means
of the laser beam to obtain a crystalline semiconductor film. Note that, in this
specification, the crystalline semiconductor film refers to the semiconductor film in
which crystallized areas exist.

20 The crystalline semiconductor film formed by the crystallization method as
described above possesses high mobility. For this reason, the crystalline
semiconductor film is increasingly employed in various devices such as monolithic
type liquid crystal electro-optical devices. In these electro-optical devices, thin film
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As descri bed above, the crystalline sem conductor filmhas extrenely better
5 properties than an anorphous sem conductor film For this reason, the
above-nmenti oned study has been conducted. For crystallizing the anorphous
sem conductor filmby heating, for exanple, the heating tenperature of 600C
or higher HR8SHRES ﬁﬁ%ﬁ)rﬂjetf@fmed)bv meahoof thiverystalgersenyicafcdcat §n2Qnldour s
or longer were required. Among the substrates that can withstand the
crystal | i zatlifdn 100 deiying pixelands THTgdar drveubstwiat &c fhoneévanpbiegleTHass
gquartz substrate, however, is very expensive, and it was extrenely
difficult t@ilkﬁﬂ@éféss the quartz substrate into a |arge-area substrate in
particular. The | arge-area substrate is especially essential for

i ncreasi ng pr oddestdeseriterfaboventhe. crimabine semitdrehe s hasexicabkl barend
toward |arger-area substrates so as to inprove the production efficiency.
Ther ef or &, BIOPESHgS ghant abn amaiphoof snfiectduqrot ofibbe el yhisonstsonct@d, a
substrate size of 600 x 720 mmis becom ng standard. Anong gl ass

substrat es #bic-mensioned ompdy hns beby dingluicrmel. t iFog queitaltizing thel ZRo7ph@lsass
substrate. A warping point of the 1737 gl ass substrate is 667C, a cooling
poi nt or a $esmisenductoe film dmheaticl, for clamp, ithe hbagpey efmpdranié BT 60028 %0r
substrate 20 becones manifest is 721C, and a nelting point of the 1737

gl ass subst higher asd the heating Wiem of h@ hanms phburges g foestsly A00kodrks lomlwage:
formed on this glass substrate and then placed in the atnosphere at 600C
for 20 hourwereareguitadactAownignthicheubsihed thite canubidhbend edegpiveedizatovever
any deformation that would affect the processes of manufacturing a

-sem condlct omdigongie agasrmoubseee, fonetdmpleu Tk ater: sabstkte, ROvdveuris beat i ng
“time, however, was too long in consideration of volunme production. 2 In
order to sotxpemsive, pndbt e @srabederdiffedlabopecess dangans sabdAatihan a

met hod was devised. Details of this nmethod are described in Japanese

Pat ent Appl latge-2rea subsitate appartidelar 7 T340 arblosbstia tsis egideadlyWddn e for
briefly described. First, a very ' ,
increasing production efficiency. Recently, there is a remarkable trend toward
larger-area substrates so as to improve the production efficiency. Therefore, on
15 production lines of a factory to be newly constructed, a substrate size of 600 x 720
mm is becoming standard.

Among glass substrates that have a comparatively high melting pointisa 1737
glass substrate. A warping point of the 1737 glass substrate is 667°C, a cooling
point or a temperature from which a change in shape of the 1737 glass substrate

20 becomes manifest is 721°C, and a melting point of the 1737 glass substrate is
975°C. When the amorphous semiconductor film was formed on this glass substrate
and then placed in the atmosphere at 600°C for 20 hours, a contraction in the
substrate could be recognized. However, any deformation that would affect the
processes of manufacturing a semiconductor device was not seen in the substrate.

25 The 20-hour heating time, however, was too long in consideration of volume

production.




smal | amount of nickel, palladium lead or the like is introduced into an
anor phous 5 sem conductor filmfor doping. In order to performthe doping
process, a plasma CVD nethod, a vapor deposition method, an
i oni npl antation nethod, .a sputtering nethod, a solution applying method or
the like shoul EnBEC{etﬁ§%W1V%§W0b]ﬁ§m@ééﬁﬁ¢gibeéﬂb@essnemystal iza tmom pttaids
sem conductor filmis placed in a nitrogen atnosphere at 550'C for four
hours, for "@xakpised. Pesqissatahis methasharesleduthest infapmmask thatare Applicfiact or y
characteri iéicfs cap_be obtained. Incidentally, the heating tenperature and
time nost $@iGaperHeyr-EpdbaNow athiomethepbwikbobri¢theddopbal Empuatenf the
el ement and the states of the_anorphous sem conductor film The above was a
descri pti ofmadamowrief piakebpabadisrmy deaal ¢rithie fifge isiatradoc ghiows an aawirpheaict or
filmby heating. On contrast therewith, since crystallization by |aser 15
anneal i Ay semicongaetor Hilgrfoe deping. tln erder sorperfoonshs enpirgnstacesy a bldsmaal one
W t hout excessively increasing the tenperature of the substrate, it can
al so be eWBWhﬂéra‘eﬂgﬂrdsp@séti@mmth@i,andmntimdahtdcﬁ)raﬁemma@mtasrg{gass
substrate having a | ow warping point. A high-power pulse |aser beam such
as an xci ﬁtﬂfhpg;s%ﬁolbéamapﬁ yémpheykod borhe hRe blamdd bansedl Afger thedopasger
beamis processed by an optical systemso as to formthe beam shape of a
square spoPraseserdlentshe seveplatussemidomduetcs fbgueplacdtiectranggeaimephps) or a
line of ten centinmeters or longer (linear shape) on an irradiation plane.
Then, scanff @05 forefdurs bpubsedon iexampld, oa nevhraltine t deeiposdddion fdf i | aser
beara irradiation is noved relative to the irradiation plane. This nethod
-{'p'govi dd§ 2Btistantensdurprtodsiitsioanthe @ndined. ocidewndle) fherteatingmempesnusy ci al
“‘point of view For this reason, this nethod is preferably used. . 3 Wen
t he |inear ahdgine eesnsiuitaplarfor cufsaallitaicenpemyeld, of dsedopeammsimdbatlicon
onto the entire irradiation plane can be perforned just by scanning in a
di rection clsargsrgidabicaratenot the dmogihbudsealcodduect itdm. of the |inear |aser
beam On contrast :

The above was a description about the method of crystallizing the amorphous

semiconductor film by heating. On contrast therewith, since crystaﬂizatioﬁ by laser
15 annealing can impart high energy to the amorphous semiconductor film alone
without excessively increasing the temperature of the substrate, it can also be
employed for a plastic substrate or the like as well as a glass substrate having a low
warping point.
A high-power pulse laser beam such as an excimer laser beam is employed for
20  laser annealing. The laser beam is processed by an optical system so as to form the
beam shape of a square spot several by several centimeters square (rectangular
shape) or a line of ten centimeters or longer (linear shape) on an irradiation plane.
Then, scanning by the laser beam is performed, or the position of the laser beam
irradiation is moved relative to the irradiation plane. This method provides
25 increased productivity and is more excellent from a commercial point of view. For
this reason, this method is preferably used.
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therewith, when the |aser beamthat forns the spot shape on the irradiation
plane 5 is enpl oyed, back-and-forth and | eft-and-right scanning is
required. For this reason, the linear |aser beam provi des higher
productivity. ?ce h? direction perpendicular to the |ongitudinal
direction of theeadbe lipsamieser hosen poBartisutards employed dastrhgam ireeliatm t hi s

direction is enployed for, scanning. Due to the higher productivity, use of
the I|inear qrgggﬁe BBER BRdiatier Piperascke Berfermastupubsisansind inat disection
exci mer |aser by an appropriate optical systemin the |aser annealing
met hod is %&%}ﬁlﬁaaﬁ& ﬁsqfoeaﬁﬂdwai Hiregtdem abrhaghnesr larenbfamt (Phmgnarast qui d
crystal display .device using TFTs. Faor formng the crystalline
seni conducttgﬁr@rv‘ilrhnwl%%ﬂ@ lpser heam whas foraesths spet thage ooftheipsdiakibngilog: t he
anor phous sem conduyctor filmby heating and then further 15 crystallizing
the resul t amgmplay ,thaCkaag@-anﬂmrai lefteandaright schivsinget tegired.Heor this reason,
characteristics of the sem conductor filmcan -be.inproved nore than in the
case wheréd @rfﬂéﬁéﬂ lnseat beami prodesriigheriprhductbyitynealimg ohe | disertion
annealing. In thjs nethod, in order to obtain the inproved
char act er | $erpendieylar to rheclosgiindined dpeiion pé tholsér teaat isndpecoosti dficast and
| aser annealing conditions. Manufacturing of thin film20 transistors
(TFTs) usi rgarmagshisestian tlpie densitioonid Lfcmlgoyeﬁd fon sshhmingedDyg tohehe higher
above-nmentioned nethod greatly inproves the electrical characteristics of
the TFTs. DEOGRSLEBHLY, §$Q1fgféh¢ heearisgast bedm phtadined ygithocksimg theankse ofcillager beam
irradiation can inpart high energy to the sem conductor filmw thout
f"e‘j(cessi el gxrimeetelasirly shapprpricseqetanliswstan i tbe dasos inatelingmeabod pt
“tenperature gradient is produced between the substrate and the
sen conducthecomingrmadsirseuisntheytechhelogy mif coardifettoringial liquid coystalatitidayunder
a tensile stress and _then becones warped. |In addition, the sem conductor
film beconé@vmrlélrtﬁﬁﬁg@-t' by crystallization. This phenonmenon can be
confirnmed froma decrease in thickness of the film As

For forming the crystalline semiconductor film, there is also provided a method

of crystallizing the amorphous semiconductor film by heating and then further
15 crystallizing the resultant film by laser annealing. With this method, the

_characteristics of the semiconductor film can be improved more than in the case

where crystallization is performed either by heating or laser annealing. In this
method, in order to obtain the improved characteristics, it is necessary to optimize
both heating conditions and laser annealing conditions. Manufacturing of thin film
- 20 transistors (TFTs) using the crystalline semiconductor film obtained by the
above-mentioned method greatly improves the electrical characteristics of the
TFTs. |
However, since the crystallization method by means of laser beam irradiation
can impart high energy to the semiconductor film without excessively increasing the
25 temperature of the substrate, an abrupt temperature gradient is produced between
the substrate and the semiconductor film. Consequently, the semiconductor film
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descri bed above, the sem conductor filmcontracts by crystallization,
thereby 5 becomng a factor for bringing about warps in the film These
war ps can al so be confirned by conducting Ranan scattering spectroscopy,
and then detecting shift in a peak in the Raman spectrum after the | aser-
beam i r r adF@RiaHS “Fa%aﬁelﬂ stresomq shan beromasevarpedssi gni ficant at the
st age where thﬁqsﬁggs_trate 10 is transported, they have adverse effects on
the charact er i 5 24ditigh, fhesemdeanchicseidilay becomys srotecomparnlutrasiaHigagare
type. To take an exanple, a_potential barrier or trapping |evels resulting
fromthe wi?ﬂ& CRQTBERANT 3 hE vOPSFMEd [frama palecrrpse éu thigknesk of thatibnt dsa
hi gher interface |evel between an active |ayer and a gate insulating film
Further, wHes¢rioRe ahvice dhgussmaicondueror Silwacpatracunby srystalfipitioat therelnf an
electric 15 field cannot be perforned, which |eads to a mal function of the
seni conducberomiggy eetor far Auagimigabout Warpeinghicdilmhe surface of the
sem conductor filminpairs the flatness of the gate insulating film
deposited by tHAbespuvapsiean radschde eonfiteedVy quetdvoting aRdmeausestdrmg t y
insulatio' n or the like, thereby reducing reliability. A surface
scat t er i ngspsctwseopys apdithtedetgtings shife irod pedleirf detRmarnh epeatetre nftenilng t he
20 TFT's field effect nobility. The flatness of the interface between the
active | aykser bgwn ifradigeion. i nsul ating fil mof the TFT greatly affects the
field effect nmobility. The flatter the interface is, the lesser the TFT is
not affected byheughtheskngntotivhaarehiaghignificandaethketigendhirt thysubamate
obtained. In this way, the warp in the sem conductor filmaffects all the
“char actlér i sttranspefted HbeThaye adrershstiectamnyiheg hevante pivtiad o€ thesamiamdricedds .
"SUMMARY OF THE | NVENTI ON The present invention has been nmade to sol ve the
above- nent feviet Qirabliemdating gie tiper efor ekarmobganplepfa phenpinbderrer or
invention to provide a nethod of formng a sem conductor filmwth little
warp and t Heppinglefeeteavlitimg feons g warpdd chosemievidie: tosfilnharte indesed;, trhich
sem conductor film :

leads to a higher interface level between an active layer and a gate insulating film.

Further, when the semiconductor film is warped, uniform application. of an electric

15 field cannot be performed, which leads to a malfunction of the semiconductor
device. In addition, the warp in thé surface of the semiconductor film impairs the

~ flatness of the gate insulating film deposited by the sputtering method or the CVD
method, and causes faulty insulation or the like, thereby reducing reliability. A
surface scattering effect is pointed out as one of the factors for determining the

20 TFT's field effect mobility. The flatness of the interface between the active layer
and the gate insulating film of the TFT greatly affects the field effect mobility. The
flatter the interface is, the lesser the TFT is not affected by scattering, so that high
field effect mobility can be obtained. In this way, the warp in the semiconductor

film affects all the characteristics of the TFT, thereby changing even production

25 vyields.




According to a nethod of manufacturing a sem conductor device of the
present invention, after a sem conductor filmis crystallized by a | aser
‘beam heat treatnent is perforned, whereby a warp fornmed by | aser beam
irradiation is |essened. , 0 ' beam i rradi ation
forms the warp in the sem ¢ Sr—20~ g . BY Thereafter, when the
heat treatnment is carried out, the sem conductor filmalready treated at a
hi gh tenperature hardly undergoes a change. However, a substrate that .has
not been treat at a hi.gh tenperature by the processes carried out so far
contracts., (Fi g ellé)eseFHégWé}t %&%ﬁéﬂ%é@ﬁf&ﬁ@ﬂmab(f‘fﬁflmnm@mmrphb:mom

| aser beamIi ”i%i z%ii on c%g thfgrji be lessened, so that_the physical 15
properti es 6 PRETQEMR BHGGE PhtherRipsang dnvasdiomisr rewile amethed hogroing a

manuf act uri ngi.a sem cofriduc_tggﬁiqevi ce according to the present invention
conpri ses t°h 1%9"5@9%‘ Ly it VA 2 ther mapaiRnleiinga samicandngivodsvice

sem conduct or filn'i_lto forma crystalline sem conductor film and carrying
out heat trtg‘éﬁHiﬁﬁtt ¢ semigidectorfiiiy in the crystalline seniconductor film
20 formed by irn%adi tion of %&e aser beam In the nmanufacturing nethod,

t he heat treat INq AengHlodaahaanuecturig odemivanduses davienpéahe ng
furnace or an RTA (Rapid Thermal Annealing) method. The RTA nethod is the
met hod of MESIRAGOTHEIY BSIEE étséﬁﬁ%@hlcpofv&ﬂh isecrysiadhized by taolagearlrepmg dteabeat
treatnment in a short time. In this specification, light radiated from®6 the
lanp is refté%f’él&nﬁﬁpﬁggorla , Whegaby a waep foampd by biser bean tdichia reh & lomiidie
upper and/por |lower, side of the substrate. Further, the lanp light is the
“Iivght radi éﬁf‘%%lma\fdlgrﬁes‘énbﬁﬁd@@ﬁ%Pawaffadm@@maﬁ)tmalth@@’alflahmhtaseneinondmtorI anp,
‘a’carbop, ar.c | amp, high. pressure sodiuml|anp, or a high pressure nercury
| anp. 5ﬂ1:u | r{ﬁg-n% e nawmAerurvin miehbeat tthratheat i wgcamiedepat,uthe of

the heat treatnment is ,POO or, hi gher.
semiconductor film already treated at a high temperature hardly undergoes a

change. However, a substrate that has not been treated at a high temperature by

the processes carried out so far contracts. (Fig. 1C) The warp in the semiconductor

film, resulting from laser beam irradiation can thus be lessened, so that the physiéal
15 properties of the semiconductor film can be improved.

The method of manufacturing a semiconductor device according to the
present invention comprises the steps of: irradiating a laser beam onto an
-amorphous semiconductor film to form a crystalline semiconductor film; and
carrying out heat treatment to reduce a warp in the crystalline semiconductor film

20 formed by irradiation of the laser beam.

In the manufacturing method, the heat treatment is a thermal annealing
method that uses an annealing furnace or an RTA (Rapid Thermal Annealing)
method.

The RTA method is the method of heating the substrate rapidly with a lamp

25 tocarryout heat treatment in a short time. In this specification, light radiated from
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Furthernore, in the manufacturing nethod, the heating tinme of the heat

treatnent is fromone to 30 m nutes. According to another nethod of

manuf acturi ng a sem conduct or device of the 10 present invention, after
per t hat has been

| aser crys Lizat. on-i.s f qr med,. Qn em conductor film

partially E‘?I%/é%“QPHF E‘ngHBQ tPiﬁ}Sgﬁmﬁcejlﬁ%ttr ?E;éﬂP,hg béordiateddram she mpper i s

carried out reby . Lp formed l.aser beam irradjation is |essened.

As al r eady ah&‘Z@?PWSﬁﬁ,ge \fgvgg%rsuggé?ﬁei &"ypa@}eé,tqu—)ggamg rh&ét pribe vighpradinteg dom

sem conductQﬁ 1fiI Fi g. %?Eil,ﬁl hcler eafter, vvherl the heat treatnent is

carried out® "THETEEMRSEE 1Y [HPEY 3 SERN 255 lapwapsdrhan AcHpgh, a high

t enper at ur e_har dl nder goes a,change. However, since a substrate is

exposed t o PFHE"H M@ﬁ?‘gﬁpg’f%pé&qbp’(%ﬁs%ﬂmqrﬁ‘éwt}?%esses carried out so far,

it contracts. ig. 10 .The warp in the sem conductor film resulting from

| aser beamir &5&5&5‘{1 ‘G‘nth@alﬁa’ﬂ‘l‘%gt%@g ’é‘§§hé%£1dﬁe beating temperapipgifahe heat

properties _of the . sem.conductor filmcan be inproved. 20 The net hod of
TGkt biebe

manuf act ur (15§ RCBEH ¥O8kvi ce according to the present invention
conprises the %e%s of . introducing a netal elenment into an anorphous
sem conduct or fFUFHEFRO8 1y the pappiactinng methed theabseiing timg afiiths ibegt a

| aser beam onto the fam)rphou sem conductor filmto forma crystalline
sem conductGrPPERHS m%rtpfé €St he second heat treatment to reduce a

warp 25 in the crystalline sem conductor filmformed by radiation of the
| aser beam InPf‘jr?)érﬁi‘Hﬁlﬁ‘P %’&‘?‘iﬁ ijdh%ij%'{?ﬂ?mﬂ eturingssemiePrsbicserdlenecstof the

treat rbts are the 7 Iherfml anneal i H’g met hod that uses the annealing

f gr nace'Yor PIFENREN SREORoatter Iner qerstalization is Rerformadeehe demicanshuctordilihe
Substrate rapidly with t | anp,,t 0. carry out heat treatnment in a short
time. In tﬁﬁgﬂgﬂﬁ Pipééttlfiﬂfyrﬁmtﬁﬁlﬁ?d butirsibear fFeymenthechadhepstreaheamies t o
as lamp light., The lanp.light is radiated fromthe upper 5 and/or |ower
si de of th&LIRQUtawBeTehy avrEp foy @ﬁfﬁrhe@lmm’ﬂémm@ iy lestened adisatreads r om

the hal Ogegeéc%{gg:ﬁ, lggér%eagailrriagieglﬁlo% oi‘mg( &%Ov\rf]argrir? tlrlleasrergiicgr?&ubc?gr f?linc (IlJi%nPB o
. (Fig.
Thereafter, when the heat treatment is carried out, the semiconductor film already

15 treated at a high temperature hardly undergoes a change. However, since a
substrate is exposed to the highest temperature of all the processes carried out so far,
it contracts. (Fig. 1C) The warp in the semiconductor film, resulting from laser
beam irradiation can thus be lessened, so that the physical properties of the
semiconductor film can be improved.

20 The method of manufacturing a semiconductor device according to the
present invention comprises the steps of: introducing a metal element into an
amorphous semiconductor film to carry out the first heat treatment; irradiating a
laser beam onto the amorphous semiconductor film to form a crystalline
semiconductor film; and carrying out the second heat treatment to reduce a warp

25  in the crystalline semiconductor film formed by radiation of the laser beam.

In the manufacturing method, the first and second heat treatments are the
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pressure sodium |l anp, or high pressure nmercury lanp. Further, in the

manuf acturing nmethod, the heating tenperature of the second heat treatnent
is higher than the heating tenperature of the first heat treatnent. 10
Wth this arrangenent, the substrate is exposed to the hjghest tenperature
of all thet%?fa‘&%saé’é’galela% Fied Ogﬂbatslém the arpealing fuiaee oubke Rdtds nsshodact s.
For this reaso t warp formed hy |aser beamirradiation can be

| essened. Furtwém?ﬂ“‘ s theanathinshal hentngtherobstatsaapidht with the lampof  t he
second heat treatnent is fromone to 30 ninutes. 15 Mreover, in the
manuf act ur *A§2TRECHbRCALFRATMENAIN 2kaws Hime. dnshis specification, light Tadiated frome

el ements selected fromthe grqup consisting of Fe, Co, Ni, Ru, Rh, Pd, OCs,

thedaras raitando g 1490 1 htp The Ly kighDiseriaRTd Eronorha Mpper

lt, Pt, Cu DAQMAJS GAdo gk lapg ughto. 1ige : f
DRAW NGS Figs, 1A to 1D are cross-sectional views show ng a concept o
Embodi ment fmaf%i gwgwé%o HeFHESERSS §H§'@@faitbﬁéam}?ihéhsls§h©agh'graélztt@§frept of
Enbodi ment | Figs. 3A to 3D are cross-sectional views show ng a concept of
Enbodi ment e ﬁf}f@@enﬁl@m&) potalr kalideokssps esmionalc lanunscashomiang lampr bigss of
manufacturing pixel TETs and driver circuit TFTs of Enbodinent 7; Figs.
5A to 5C aP&ssisssodindamnarr bighreshenwnetcurhdamppocess of manuf act uri ng

i xel TFTs and, driver circuit TFTs of Enbodinent 7; 5 Figs, 6A to 6C are
(I? r oss- sect i onafFuiherdn shemangfageripg swshed, she heatifigempearatyre pf thelse RIS I and
driver circuit TFTs of Empodipent 7: Figs. 7A to 7C are cross-sectiona
views s how&‘ﬁ@? pRatpesdeSigher them thebeaingigmpsirxenre TEThafist denveeatviantyi t

'T-}FTS OflOEn%(&gthrfTsﬁir']star_rghgement, the substrate is exposed to the highest temperature of all the
processes carried out so far, so that the substrate contracts. For this_ reason, the
warp formed by laser beam irradiation can be lessened.

Furthermore, in the manufacturing method, the heating time of the second
heat treatment is from one to 30 minutes.
15 Moreover, in the manufacturing method, the metal element is one or a

plurality of the elements selected from the group consisting of Fe, Co, Ni, Ru, Rh,

Pd, Os, Ir, Pt, Cu, Ag, Au, Sn and Sb.

N - BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D are cross-sectional views showing a concept of Embodiment

20 1,
| Figs. 2A to 2D are cross-sectional views showing a concept of Embodiment

Z;
| Figs. 3A to 3D are cross-sectional views showing a concept of Embodiment
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Fig. 8 is a top view show ng pixels in a pixel portion of Erabodinment 7;
10 Fig. 9 is a cross-sectional view show ng a process of manufacturing an
active matrix liquid crystal displ ay device of Enbodinent 8, Fig. 10'is a

o 0eeecL Ty, S S 00 E GRSl BRSSO PR AT g™
e T ST v 0 Pl T 1 an
oo e o v L4 QS it R R Bt
R P

respecti veI y, of Ephodinent 10; Fi Cross-section w showi ng
the strdcture f];gs g%?é@%r&cf‘?%ﬁ@ﬂo%a]lvﬁ O@’ﬁ?ﬁ%edﬁoﬂﬁépg@a AERFHRE ment
I 1; Fig. 15A re a.cro gF al V|e showi ng a process of

nmanuf act ur Pﬁbe cqrf ‘ﬁ%ﬁ}l}'%léﬁgiep ﬁn'i: oss-sectional view showing
a 25 process url an acti.ve matrix |i Uld crystal display

devi ce, respec? }g?g? ‘5‘ AEND 'Sﬁ‘é‘}‘l‘?n%li’lews &’m‘fﬂél REOgeSg PhRGDEEE T

Vi ew show n ture of a rti on | a light emtting device
~of Enbodi r’r@ﬁi&;@:f rwﬁﬁn’?‘b‘tﬁhs &%‘ »of el ectronic apparatuses
of Enbodi nent %4 5 Flﬁ to 18D show ex npl es oé el ectroni c

appar at uses of Eoaade t‘”e"i \ﬁngsplqugm B O @OE‘WBWO Ravborlagent Vel ectronic

appar at uses of -Embodi nment 14
3 1 Fig. Vis a cross-sectibnal view showing a process of manufacturing an active

matrix liquid crystal display device of Embodiment §;
Fig. 10is a cross-sectional view showing the process of manufacturing an active
matrix liquid crystal display device of Embodiment 9;
Fig. 11isa cross-sectional view showing a process of manufacturing pixel TFTs
15 and driver circuit TFTs of Embodiment 10;
Fig. 12 is a cross-sectional view showing the structure of a driver circuit and
a pixel portion in a light emitting device of Embodiment 10;
Figs. 13A and 13B are a top view of a light emitting device and a cross-
sectional view showing the structure of a driver circuit and a pixel portion in the
20 light emitting device, respectively, of Embodiment 10;
Fig. 14 is a cross-sectional view showing the structure of a pixel portion in a
light emitting device of Embodiment 11;
Fig. 15A and 15B are a cross-sectional view showing a process of
manufacturing an active matrix substrate and a cross-sectional view showing a
25 process of manufacturing an active matrix liquid crystal display device, respectively,

of Embodiment 12;




Figs. 20A to 20E are cross-sectional views showi ng a concept of Enbodi nent
10 4; Figs. 21A to 21D are cross-sectional views show ng a concept of

Enbodi ment 5; and Figs. 22A to 22E are cross-sectional views show ng a
concept of Errb?lp.gé7 t 6. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS [ E gﬁu%l’éﬁt“%é@%?“@n%ﬁi- D SUUGHITE e pixe5peRtiomiPent i on
wll be described with reference, to Figs. 1A to 1D. 20 First, a base

i nsul at i ngsi]ghﬁp’(lﬁmg 6%9{]?@%9%‘% I3h a substrate 10. A glass substrate

or a quartz suhstr hayLpg,transm ssivity is enployed as the substrate
10. As the basg;?gsngt@%afc? XZEfShPW. expmples of slechgnic PRPdaBKeast Emdiadiment oxi de
film-a silicon nitride film or a silicon oxynitride filmis formed. The
structure dffithe base i nsul ating filmis not limted to a single |ayer.
Lam nation of af | t ot | ayers of 25 the insulating filns _may al so be
enpl oyed. Fur t Ad3s; ?g%et%ig@ ﬁ?ﬁ%‘ummnlgsmf ehactgpineppa@tises bbEmkmdiNert , a
sem conductor film11l is fornmed on the base insulating film (Fig. 1A) The
semi conduct!d? film11 is forned by depositing the anorphous sem conduct or

filmusing the_well-known ns such as a sputtering nethod, an LPCVD
method 5 or a ﬁl@s%ﬁﬁﬁmlﬂgﬁw eXBples of ebrsgivatio pppatamses of Enfhmdiment o

have a thickness of 25 to 80 nm (preferably 30 to 60 nm. Any nmaterial can
be used fold4ihe sem conductor film However, preferably, silicon or an

al l oy of silicagn ang germani um (Si Ge) shoul d_be enployed. Then, a
crystall'ine se Pod JOEF31E Grass-seeiorad vigws showing n peheditiof Enilmmlime st g.

) 10 4,
Figs. 21A to 21D are cross-sectional views showing a concept of Embodiment
5; and
Figs. 22ZA to 22E are cross-sectional views showing a concept of Embodiment
6.
15

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Embodiment Mode 1]
y Embodiment Mode 1 of the present invention will be described with reference
to Figs. 1A to 1D.
20 - First, a base insulating film (not shown) is formed on a substrate 10. A glass
substrate or a quartz substrate having transmissivity is employed as the substrate
10.  As the base insulating film, an insulating film such as a silicon oxide film, a
silicon nitride film, or a silicon oxynitride film is formed. The structure of the base
insulating film is not limited to a single layer. Lamination of at least two layers of
25  the insulating films may also be employed. Further, the base insulating film may not

10




10 1B) A crystalline sem conductor film 13 that has contracted under a
tensile stress 12 by laser beamirradiation is fornmed. Incidentally, it is
preferable that, before laser «crystallization, hydrogen contained in the
sem conductiare £ilmis rel eased. Wien heat treatnment is carried out for
approxi matel'y one hour at 400 to 500' C to reduce the anmount of contained

e conductor 1 Saa EhRab 0y B TS B R s IR B D L Lo
T s R Gt R R e S P F
aror phous. SonRRHEC S FRRR ey et ek o e b R,
has a1 o RGTREREr HTo AR, HeG Gamchn ek BB 4 Yulpoe i Ararar it t ne
VALGE | acertd G Bebtogfegb B At Pty P bertrhiouens
conver ge | $E8ycBbcaS 8TR, G fuer e an areeehageicr) 8t L rob PR oA f or m
by means of an optical- system.and hen irradi ate the converged beam onto
the sem cor%&HBP‘&ﬁ“? K?ﬁeﬁéﬁ%ﬁaﬁ ?{?E[‘WBH' 11 conditions shoul d be sel ected by
aci | Lati on 11 dqusnay XU HBiopo0 et T foizedy (Brar iy BRIy (Fignou! d
e e P i
Elensi ty sh |bﬁasl%'3§%elﬂa igg\égi%@;@,eg. Enc?@lg;g@ﬁgﬁqlg,pg%@ragga 1960 hefgrelmser Y
en, ihe |SEEIUeT IR A R conierged Lo L) pear o 1
orto {1 SRR SLE BULgRe Lo LiLs, caze, | o, beA 3ttt on
the amount of contained hydrogen to 5% or less of the total number of atoms
15 céntained in the semiconductor film and then crystallization is performed, the
surface of the film can be prevented from becoming rough. Generally, when the
amorphous semiconductor film is formed by the sputtering method or the LPCVD
method, the film contains a lower concentration of hydrogen than the amorphous
semiconductor film formed by the plasma CVD method. However, even the
20 amorphous semiconductor film formed by the plasma CVD method has a low
concentration of hydrogen if formed at 400°C or higher.
In the laser crystallization method, an excimer laser, YAG laser, YVO, laser,
YAIQ, laser or YLF laser of a pulse.oscﬂlation type or a continuous emission type
can be employed. When using these lasers, it is efficient to converge laser beams
25 radiated from a laser oscillator into a linear form by means of an optical system and
 then irradiate the converged beam onta the semiconductor film. Crystallization

11




10 of the beans that have been converted into the linear form Laser
crystallization can be perfornmed in the air, in the atnosphere of an inert
gas such as nitrogen, or in a reduced pressure at m)sphere Next , heat

R
gre n(h![ gge; n Fef e{rSJ lg‘i ?ac![ anf(hn Fgﬁt‘g%cyoﬁh%@% bteoﬁgjg Z@n‘kgflg?eéﬁ%r?u‘i%%qy 14

t r eat nent u@g@ﬁ@g tE)agrbr%l %@hglut Pb(}a Br%@% tg@g rH'J/EWt e?‘&?n 3S@eﬁ€%¥2}§r e of
iszeafontaghefc@%é@%m o, T D A MR
e gt gt %gﬁil'egf}ecg{é HERELe s ﬁ‘m%at i B S R %Ef%glamﬁ

2 st et PO 3 39@&11%@ ,L%h%éﬁm ﬁa%toﬁ SN d{rrl]éié‘t e et ©
OB SR B A S B

t hernocoupl e e din a siJicon, wafer in the. ture range of
700 to. 12" SSE0PE: T wan ahouy mﬂﬂ%étoqt?é ¢ BRI SUNEET GHEASH {8 AT
depending on th st at.es ,of the subs and, th m ductor . film Thus,
the operat® Seslﬂé‘?flb&amdé‘iaéf‘%ﬂ%é“?‘h SabY PrAATHSLY It S 96 CCS AP PG Oas

necess t,his e t node, reatyment was carried out in
‘the ni og@#%efsb%%h g %%Yertqcﬁ@ ?Jé?f OHlch as helium (He),
‘neon (Ne), or ar | so pe ed. .The hal ogen S _were
her i n' used asLaS? Bt b Rstemedie e i B8 Pap S Ra MRt

ul traviol et such as a xenon,l a d as the light source.
Thi s heat  EFeREReR Raace e TedbeT mess e BRAREE i n & di pect: on
i ndi cat ed

Next, heat treatment by thermal annealing using the annealing furnace or the
RTA method is carried out. (Fig. 1C) Thermal annealing using the annealing
15 furnace should be performed for one to 30 minutes at a temperature of 500°C or

| higher, preferably in the range of 550 to 575°C. Reference numeral 14 denotes an

RTA apparatus. When using the RTA method as well, the heat treatment should

be carried out for one to 30 minutes at a temperature of 500°C or higher. When

using the RTA method, the heat treatment should be carried out in the nitrogen
20 atmosphere, for example, with 11 infrared halogen lamps 15 provided under the
substrate and ten infrared halogen lamps 15 provided over the substrate turned on.

In the RTA method, a momentary increase in temperature can be effected.

However, temperature adjustment may also be performed during the heat treatment

with a temperature rising rate or temperature lowering rate of 30 to 300°C per
25 minute. The heat supplied from the halogen lamps, which is measured by a
thermocouple embedded in a silicon wafer, is in the temperature range of 700 to

12




10 by reference nuneral 16. Thus, contraction of the sem conductor film 13
resulting fromlaser beamirradiation is | essened, so that the
sem conductor film 17 is obtained. Then, patterning is perforned to forma

sen conduct bayer, 18 of a .desired shape. Thereafter, if TF[s are

manuf act ur 36%yéu§ﬁﬂﬂlj’ei’?re OBEFH%#&BEFS?UE%%?OW{&WS @ﬁebb{fﬁpﬂ ag qrhehy

el ectrical charagteristics w | hbecorr,e e cell?_ t. ﬁ_ nbodi nent M)dleq ZL
Enbodi ment StgeO% t SY Lrane S0dnthe SRPERPRauctar fifmp e T us dieareraior wheeidr ence
to Figs. 23%t0'20Eﬁe\hFi .St Flhe base i nsul g,ti ng film(not shown) is forned
on a subst PEIETERS HGEPURHM, NCALLTE RGN OBAYIONS R NGERHAT- subst rat e havi ng

t ransi ni ssi vi t?/ I5S. e%ﬁﬁd as the glubst rate 30. As the base.insulating
film the insu %f}i“ﬁﬁ Shfcmode, thedear freaspentovasdarsied ont igithe sémogan r i de
film org silicoq_}oxy itride . filmis forrred.,.Thf structure of the base

i nsul at Png2FPPIRIELCnoe ey i, theimest gassielypehsliye fHe) awondNedrorsrzen (Asast
two |ayers of .the insu]ating.fi may, al so be enployed. Further, the base
i nsul at i ng™aY| #Fo%s f‘r}ﬁ&%@- b @glgf%n lampseyare herelanisedmsue tight soumee31 i s
formed on e base insulating fil (Fig. 20A) . The sem conductor film 31
is formed BYPWe5EsIt ﬁgﬁf’t%?eéﬁ%ﬁep%n{%@ns avinigulanen sugh ppauxeng tawep is

wel | - known neans S“ﬁﬂg‘i"s the sputtering nethod, LPCVD nethod or plasma CVD
met hod. TheMByedasdhedight $9WkE31 is forned to have a thickness 5 of 25 to
80 nm(preferal:ljy 0 to 60 nm. Any. material can be used for the

sem conduct or fECIFFRAFEIENE SRutes R Fybstite feepnErcting diacgipngndisiaredon
and gernaniu 1§Site) IS ﬁ?l'?ged' There_aftgr, the sem conductor film31 is
-agded Wit hDRIGHRTERCe Sugagat 160 hug copbrartign of therssnriconducser iy L3 resylune

“wel | - known_.nmeans sych as the sputtering, 10 t hod or the solution applying
met hod t o ffg%l?éseﬁg{eg}n @gﬁqilgpﬁpn@ lessgeed,3s0 that the semiconductor film 17 is

obtained.
Then, patterning is performed to form a semiconductor layer 18 of a desired
~shape. Thereafter, if TFTs are manufactured by using the semiconductor layer thus

15 obtained, their electrical characteristics will become excellent.

[Embodiment Mode 2]

Embodiment Mode 2 of the present invention will be described with reference

\ “to Figs. 20A to 20E.
First, the base insulating film (not shown) is formed on. a substrate 30. The
20 glass substrate or the quartz substrate having transmissivity is employed as the
substrate 30.  As the base insulating film, the insulating film such as the silicon
oxide film, silicon nitride film, or silicon oxynitride film is formed. The structure of
the base insulating film is not limited to a single layer. Lamination of at least two
layers of the insulating films may also be employed. Further, the base insulating film

25 may not be formed.
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the netal elenent, one or a plurality of netal elenents selected fromthe
group consisting of Fe, Co, Ni, Ru, Rh, Pd, GCs, It, Pt, Cu, Ag, An, Sn and
Sb are enployed. Then, the first heat treatnent is. carried out to
partially crystallize the 15 sem conductor filmto thereby forma first
crystal line serhe¥naskpsonduriarsdm 31ps fprmedopjthahasermsulatingbln. {fig BoL) uses
t he annealing furnace or the RTA nethod may ~be enployed as the heat
treatment. ‘heremisondueton fidmyak isifoimed bedepesiing theramdiphods sésicoodnewr by

| aser crystallizatjion. (Fig. 20C) The crystalline sem conductor film 35
that has e byipg see welldmmyn mepan sich asthesputeaingynethody LPCMdinagthod i s
formed. Incidentall it is preferable that, before |aser crystallization,
hydr ogen cdt amajq\(’rpmmthOdeﬁb@cmm@mducrwnﬁhhmél isdbemed to hven thinkn¢seat
treatment is carried out for _approxinmately one hour at 400 to 500C to
reduce the nbuisd & nevrpraterably EQdﬁ%é@rﬂIﬂ% Hppmatessl ofn bieeusedtfak thunber
of atonms contained in the sem conductor 25 filmand then crystallization is
per f or ned, semdcendhicsee fibn. t iidowevan easfetsblypralient ed thicr shivbed olicey rodgh.
Ceneral |y, when the anorphous senm conductor filmis 14 formed by the
sput t er i ng gesmadime(Site) i powoyesk hod, the resulting filmhas a | ower
concentration of hydrogen than the anorphous sem conductor filmformed by
the pl asnma CVD. Heamsatier, thevwewseondwaser ﬁllpre s pidads widni coadd elaomerd fon
fornmed by the plasma CVD nethod has a | ow concentration of hydrogen if
formed 5 aromatagpersalizetion yoesiay che meghkbnown medrs Juabers tinew@uauetiingat i on
net hod, the excinmer |aser, YAG | aser,OYV04laser of the pulse

:osci | | at® ormethed @rrtherelusim applping weathest orfotyppeneeal chatainpimlpget 32.WAen
using these_ lasers, it is efficient to converge |aser beans radi ated from
the |aser theohttadelment onthe d phealityf of metat chwaersts otlecteel pti dul gropst em
and then irradiate 10 the converged beam onto the sem conductor film

Cryst al | i zaxainsistiografi ké,00e, SHolud Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Sn and Sb are

employed.
Then, the first heat treatment is carried out to partially crystallize the
15 semiconductor film to thereby form a first crystalline semiconductor film 33. (Fig.
20B) Thermal annealing that uses the annealing furnace or the RTA method may
be employed as the heat treatment.
Then, a second crystalline semiconductor film 35 is formed by laser
. crystallization. (Fig. 20C) The crystalline semiconductor film 35 that has
20 contracted under a tensile stress 34 by laser irradiation is formed. Incidentally, itis -
preferable that, before laser crystallization, hydrogen contained in the
semiconductor film is released. When the heat treatment is carried out for
approximately one hour at 400 to 500°C to reduce the amount of contained
hydrogen to 5% or less of the total number of atoms contained in the semiconductor
25 film and then crystallization is performed, the surface of the film can be prevented
from becoming rough. Generally, when the amorphous semiconductor film is

14




be sel ected by the operator as necessary. \Wen using the excinmer |aser, the
pul se oscillation frequency should be 300 Hz, and the | aser energy density
should be 100 to 800 m/cm, typically 200 to 700 nj/cm . When using the

YAG | aser, ,the cond - harnonic enjtted the YAG | aser is used. Then,
the pul se tg%??(fg‘fit %SRL}%Wthcg %ﬁm &@%ﬁ@ﬂﬂ@fﬁé’@ repulting dilonkas aser
energy density should be 30Q to 100 /C\VR' typically 350 to 800 M /CM.
Then, the ﬁ% C%E&Hﬁfaflﬁ&tofﬂy@mﬁ@ef%an Avaryehointesnichrdugtae Him fempedvi t h
their width of 100to gin, for _exanple, 400 gm should be irradi ated
onto the ehVitPe Rlamaa Mle methpdc dovewar etrnthe #marheas semicpngdusrardilbe
performed with e 50 - 98% overl apping ratio of the beans that have 20
been conve?@@&ec{ EY ehe plasma \Zﬁ[) m%&@d hag edpweopserirationof byilrogen Hdomeed or med
inthe gir, in the atnosphere of the inert gas such as nitrogen, or in the
reduced “pr 858 FFRPSIAHHELPFL  (Nexhighehe second heat treatnent by ther mal
anneal i ng usi n& t he anneal i hg _furnz%_ﬁg1 or the RTA nethod is carried out.
(Fig. 20D) Thefnihe lassraarstalfzarianigethnsl, thesxgimedpiang! Alrlasareoshd), thsbe
performed far,one to 30 mnutes at a tenperature higher than that in the
First hoat Of thadi osliEion Five RTRNEONIIIE episgiont type cap ecomidyiedat
treat ment uld be perfornmed in the nitrogen atnosphere, for _exanple,
with | | inVPaRedingaihsge psEisniids elicipndde qohwergetesardrensrddiased frobr shed

hal ogen | anps 15 over the substrate turned on. In the RTA nethod, a

noment ary IﬁiSﬁEPMg%OF ptp she Breardemn bamepas ef theopsigal swmevand thesriprediater e

adj ust ment ﬂay 5 al ch be performed during the heat treatnment with a

“t anper atur eh¢ Fenvrgseteamapnta tgpemitopdactiaibn hygystalljeatiin gmdidosodiotlper

T nut e. Th% hel%t5 supplied fromthe halogen |anps, which is neasured by the
t her nocouplPé selepesddetthieronesatosiap peesssamia M hen jusinigrihe veccireerdeseat theepulsnge of
700 to 1300' C,, However, optinmum heat _treatnent conditions differ,

dependi ng GRCHIAGOR feerluénaf Shawl buBGY Flas end ok baver G-t o Gbolsk b 106

Thus, the operator should determne the 9pti mum heat _
to 800 mJ/cm?, typically 200 to 700 mJ/cm®. When using the YAG laser, the second

harmonic emitted from the YAG laser is used. Then, the pulse oscillation frequency
15 should be one to 300 Hz, and the laser energy density should be 300 to 1000
mJ/cm?, typically 350 to 800 mj/cm®. Then, the laser beams that have been
converged into the linear form with their width of 100 to 1000 um, for example, 400
pm should be irradiated onto the entire substrate surface. Laser beam irradiation
) may also be performed with the 50 - 98% overlapping ratio of the beams that have
20 been converged into the linear form.

Laser crystallization can be performed in the air, in the atmosphere of the inert

gas such as nitrogen, or in the reduced pressure atmosphere.
Next, the second heat treatment by thermal annealing using the annealing
furnace or the RTA method is carried out. (Fig. 20D) Thermal annealing using the
25 annealing furnace. should be performed for one to 30 minutes at a temperature
higher than that in the first heat treatment. When the RTA method is used, the

15




treatment conditions as necessary. In this enbodinent node, the heat
treatnment was carried out in the nitrogen atnosphere. However, the inert
gas such as helium (He), neon (Ne), or argon (At) nmay also be enployed.

al <o or of orcssrey PRAC SERRAREL PR e kel TR 4 ieSkanamptpspafor
cont ract | waiEle o AR HGRL e  lRos (TGMER the robaatoand thbgnirored.
[Tt at i onoceeh BEulR ThOREIE s horate Pkt dnch B TA iftbod: AmoBs agbtai ned.
chape. " TherEartedn e REFERURE o R rfibaRel ot Byer S ehas ceooRILOD:
A8 SR S o
ambod: nont ERSNEe 16 B s D 1 PORDGRH AUALCS DR bie S9PEGEhFOTYHent | on
sul at1 noRHER (REESORB P g U amosbuple sraberkded tnalic siignass
The subst PAS To e FPasai iath 4 709 1P| 100 Cne HOWPBaIignR e as
B e 4 o S 1
Tyl 4B VEGHTYOar ¢ rars e GRESEOT ABGIE AGrRERaTELD GRAROWDL L |
formed. In_this enbodjnent, the glass substrate is enployed, and the

silicon oxYAFERHEHACRIRNER having a filmthickness of 150 nin is

formed on ) . ; . o
In this embodiment mode, the heat treatment was carried out in the nitrogen

atmosphere. However, the inert gas such as helium (He), neon (Ne), or argon. (Ar)
may also be employed. The halogen lamps were herein used as the light source.

15 However, it is also preferable that the ultraviolet lamp such as the xenon lamp is
employed as the light source.

This heat treatment causes the substrate to contract in a direction indicated
by reference numeral 38. Thus, contraction of the semiconductor film 35 resulting
from laser beam irradiation is lessened, so that the semiconductor film 39 is

20  obtained.

Then, patterning is performed to form a semiconductor layer 40 of a desired
shape. Thereafter, if TFTs are manufactured by using the semiconductor layer thus
obtained, their electrical characteristics will become excellent.

A more detailed description of the present invention configured as described

25 above will be given in the following description of embodiments below.
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the gl ass substrate by the plasma CVD method. Next, the semi conductor film

11 is forned on the base insulating film (Fig. [|A) The sem conductor film

11 is forned by depositing the anorphous 15 sem conductor filmusing the

wel | - knowr ans such.as the sputtering nmethod, LPCVD et hod or plasma CVD
THEREEbhAL

met hod. BSRGaétor filml | is formed to have a thickness of 25 to
80 nm (preferabl 0 to 60 . Any material gan be used for the

seni conduct or aﬁ@%ﬁ&‘% af EH%P@P Hpvgntigp I"Ylﬁgﬁ‘ &Scﬁlﬁ%‘? BihotefeRenss (19 con
and ger iu%Si is enployed. In this enbodi nent, the anorphous
silicon fif®# 20 KAvihg a filmthickness of 55 run is formed at a

tenperature of_400' C.by the, pl ass CVD et hod. Then, the crystallipe
sem conduct or E‘Fﬁtﬁhe@aﬁ%l’%@t’&g es@ot shgwnhisitprangd om the mybsirate ]r(B)T{I]Tﬁe

crystalline sem,conductor film 13 that has contracted under the tensile
stress %LZ ﬂi?/sslsg}sbé?m?er P dra qUaHz isybsEredpving tiamsBLs bR renplovedhas sBans of
the 25 exci per Iaf(ﬁr ar e .shaped by the f)pti cal systemso as to_ produce the
linear forf#DeiTAte the iy Se anspatam flirandhe ingdpting S sueh @b ahe silicos
performed in t?lf air. Wth thjs 17 arrangenent, crystallinity of the
senmi conduc®@¢ec mrﬁlh%?q%ﬂ@‘?/@ 0, silspaoxyniede fibypds tarmiede Ldwriashaestor
film13 th&% has co t_rac{,ed. by l.aser beamirradiation is fornmed. Then, the
heat treat rl:taS%WﬂJE?ér% iy st linviged &0 A ginglrlasem damingtionr of s deass twe ¢ he
RTA nethod is rried out. (Fig. ICL) In this enbodi nent, the RTA nethod
is enpl oy Yermg&méaﬁu pHegtirnmay also ba epipbeyedut urtber frba bass insitlegngfiln
tenperature of 700'C ip the nitrogen atnosphere, using hal ogen | anps. This
sheat t HeatRBROOE ggdeune elrs this eriodimeents ohe Elast substrate @hrderddaninbe cat ed
Jﬂg reference nuneral 16, For this reason, contraction of the sem conductor
film13 solicessemminilerfilornasbowpe hearinga Blat shicleess of | 8@ senisdormed ohat t he
sem conductor film17 is pbtained.

the glass substrate by tﬁe plasma CVD method.

Next, the semiconductor film 11 is formed on the base insulating film. (Fig.

71A) The semiconductor film 11 is formed by depositing the amorphous

15  semiconductor film using the well-known means such as the sputtering method,
LPCVD method or plasma CVD method. The semiconductor film 11 is formed to
have a thickness of 25 to 80 nm (preferably 30 to 60 nm). Any material can be used
for the semiconductor film. However, preferably, silicon or the alloy of silicon and
germanium (SiGe) is employed. In this embodiment, the amorphous silicon film

20  having a film thickness of 55 nm is formed at a temperature of 400°C by the plasma
CVD method.

Then, the crystalline semiconductor film is formed by laser crystallization. (Fig.
1B) The crystalline semiconductor film 13 that has contracted under the tensile
stress 12 by laser irradiation is formed. In. this embodiment, the beams of the

25 excimer laser are shaped by the optical system. so as to produce the linear form on
the irradiation plane, and laser beam irradiation is performed in the air. With this
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Then, patterning is perfornmed to formthe sem conduct or | ayer 18 of a
desired shape. If TFTs are then manufactured by using the sem conductor

| ayer thus obtained, their electrical characteristics will becone
excellent. 15 [ Enbodi nent ..2]. I n.t.his epbodi nent, a nethod of_ reducing a
warp in the egbeﬁﬁuﬁ’fyé'fauf‘%lﬁh?f th BQJBWOPaECWérm‘F‘aJétUGPPF%‘@dprH@é’%%lit er ent

fromthe process. according to . diment | wll escribed with

ref erence tgyﬁp@gl_e SRy .tOTFfIE%nJﬁg t:hﬁé?‘éﬁ 8@%“?@?83’6’3&‘{3@@@31@ ipagiation s

obt ai ned acgor diing to Enbodiment 1. 20 Incidentally, Fig. 1A is identical
to Fig. 2A oggehat 1 ke parts in both of the drawings are indicated by

i ke reference meral s. Then, the crystalline sem conductor filmis forned
by | aser cryst ol D e dicat teagnenbhy thermal ppaealing wing ey aopdisgdurmack m 13
t hat has_contra under, the tensile stress 12 by |aser beam irradiation
o or el THPEHY CARba T BT Bt 25 o dinent thoR T4 omibhg. VAG
| aser is shaped,by the optical systemto produce the 18 linear formon the
i rradiation® SF%PA%YQ nsci-l"le £ saHRENt sgarsed owt fos fewrminadepuita fampdrature

ni trogen at [e. Wth this arragngenent, crystallinity of the

sem conduct%ug%‘i@ HSEEY agno Gapsing halogemlagepsduct or fil m 13 t hat
"has contracted due . to |aser beamirradiation is forned. 5 Then, patterning
is perfornmed tolRishsrirexmenssaues she sulpaate o coppiagt inpby dinesion indieathdat

tr eat ment %&tFer mal anneal i ng using the annealing furnace or the RTA
method is cariefaeneimumersldo. Poy thineasen, comegriongf ths senictedentnetlng ig
furnace shoul‘ﬂ be performed for one to 30 minutes at 500C or higher,

.phef er ab y Tepitingdram laser bears suadigtignsdesspned, seshaythdrenrrendmroodinas 7 wel | |
“the heat 10 t{)eat nt should be carried out for one to 30 m nutes at 500C
or higher. FAPEMEE enbodi ment, thermal annealing using the annealing
furnace is appljed. The heat treatnent for 30 mnutes is therefore carried
out at a tenper hen daprermggd perfarmed to form the semiconductor layer 18 of a desired

shape. If TFTs are then manufactured by using the semiconductor layer thus

obtained, their electrical characteristics will become excellent.

15 [Embodiment 2]

In this embodiment, a method of reducing a warp in the semiconductor film
through the manufacturing process different from the process according to
Embodiment 1 will be described with reference to Figs. 2A to 2D.

First, the state illustrated in Fig. 1A is obtained according to Embodiment 1.

20 Incidentally, Fig. 1A is identical to Fig. 2A, so that like parts in both of the drawings
are indicated by like reference numerals.

Then, the crystalline semiconductor film is formed by laser crystallization. (Fig.
2B) The crystalline semiconductor film 13 that has contracted under the tensile
stress 12 by laser beam irradiation is formed. In this embodiment, the second

25 harmonic emitted from the YAG laser is shaped by the optical system to produce the
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nitrdgen at nosphere. Since this heat treatnment causes the substrate to
contract in the direction 15 indicated by reference nuneral 16,
contraction of the sem conductor filmresulting fromlaser beam
irradiatiqn is.|l essened, Then, if TFTs,are ,manufactured by usjng .

sem condudiaT feIEn 36 BEdiRPlane 4l RS ATy AAsi b CAT L R ehe
described .above, their elegtrical characteristics will becone excellent.

[ Enbodi meAETSPED STNASRIATS: SHBHAPHEHIFANGE e 5B SBILTES 86 Hith o BICABR e t o
contracti of .the sem.conductor film usi, he heat treat t through
t he manuf aEPUPHRGTHY (T%,Igweiﬁ‘?ff e %lc@Pg‘zﬁtpﬁéﬂgrléégééﬁ%%tH@% yge o
Enbodi nent,s 1.and 2 will be described with reference to Figs. 3A to 3D.
First, théa§?$§§nb 3TIeis §PIRGe quartz substrate having transmissivity is

R S s
R R AT MR e SR
e AL e ST T ST
et e R ECE N L
oot B ST e S e o S B

may al so be enployed. 10 The structure of the conductive fi l'gﬁ%ﬁlﬁs nogt
o 13 mitedOt ér%atgrerﬁmeou‘é@@r@arua PHAtIsmedP 34 ménytgy af 306 C o digsadde thise
filns may al so be enployed. In this enhodi rren[‘, the condugtive film 21
that conprombedimenss thesphenreplingusingmesnnspling fiumare & agrsieedl he heat

treatment for 30 minutes is therefore carried out at a temperature of 550°C in the
nitrogen atmosphere. |

Since this heat treatment causes the substrate to contract in the direction

15 indicated by reference numeral 16, contraction of the semiconductor film resulting

from laser beam irradiation is lessened. Then, if TFTs are manufactured by using

a semiconductor layer 20 obtained as the result of the heat treatment described

above, their electrical characteristics will become excellent.

[Embodiment 3]
20 In this embodiment, a method of lessening a warp due to contraction of the
isemiconductor film by using the heat treatment through the manufacturing process
different from the process according to Embodiments 1 and 2 will be described with
reference to Figs. 3A to 3D.
~ First, the glass substrate or the quartz substrate having transmissivity is
25 emplovyed as the substrate 10. In this embodiment, the glass substrate is used as the
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Then, as an insulating film22 fornmed on the conductive film 21, the
insulating 15 filmsuch as the silicon oxide film silicon nitride film
or silicon oxynitride filmis forned. In this enbodinment, the silicon
oxi de film havin t hi ckness of 150 nmis formed by the plasma CVD

met hod. A S8 'i‘}%]éﬁctor film23 is fornmed on the |nsulat|ng film The

senm conduct or f| | m 23 S for siting the ano s sem onductor
filmusing the LThery 4,ean ul?ﬁéf@vﬁ %ﬁép OYEr t U@B‘iﬁ?‘tee{qo rbeIPiS m|_§PC,\/D

net hod or .pl asha t hod conduc fii m23|sforrre tQ have a
t hi ckness * gpeggmf“%/gbpem a %‘E)‘?‘gfcé’rvﬁg%‘ @80#%& edifpapanhnyanalerial having pe
used for the sem conductor Howeyer eferably, silic or the alloy
of sili cor]"‘eé’ﬁ&e ?‘H%Fn‘fme( %ﬁeéetm r fhe C%%!C&%@jmi AR ﬁ]:e@eé‘ﬁﬁ%[ﬁi:ft‘?grﬁomttﬂ

anmor phous silicon film havi 25, of nmis fornmed by
the LPCYD %F@PBSBHSIitP?ch%%)@g ﬁgri\’f%@’s&mapamuw s Uftel*ile Alsernagrelicar film
i's perforﬁp %%l aser 20 crystallization,, A cr,ys.taltll ne. sem conductor film
24 that haSloyMREHRLUIP cRmRFURhBateri) SalalysonsisEng of thy cleiaent appso be
irradiation i,s forned. In this enbodi nent, the sg ond hairmnlc em.tted

fromthe YA ASEMALVElapsemispndHetslngspresyRiedhvsocrstafline shieaudlen ¢ he

| i near for irradiati n pl ane an | aser beam. i ryadi atl on is
per f or med Ciﬁpﬁgrwwhﬁémmpmﬁ ORI SHE orug P}%ftaelw aiempleyed: h%tll?

sem conductor fi.l

IS i line se conuctorfllm
24 that r?alger%%‘f%c%a o BeeP béaﬁmeéw (AP a5 lcr b raag; e be ERIRIOYsE
_Then, at_ treat t carri out. Thernmal annealing using the
“anneal fl(ﬂ S eruge g{e HE Wuﬁ’ét’% ﬁﬁm ABGOLENHEH 3N oy o LHERNAEPBAE ent
T0 When us t he e heat .treatnment is _carried out in fhe
ni trogen éﬁlﬁgéﬂf?ﬁ%ia L@B@&wﬁgnsmwalﬁo be smparedd Imahis garpadimpat, 115
provi ded und r the trate and ten 5@0‘@ d hal ogen | anps. 15 provi ded

over the ‘é{f"é ftlﬁ’r Eidh@ﬁ COMHEisKD &t éﬂmgr%r?htcllf@eﬁa@%ﬂ’@% Tanps,
which is rrfgasur ed by the d-Lernocouple

Then, as an insulating film 22 formed on the conductive film 21, the insulating
15 film such as the silicon oxide film, silicon nitride film, or silicon oxynitride film is
formed. In this embodiment, the silicon oxide film having a thickness of 150 nm is

formed by the plasma CVD method.

A semiconductor film 23 is formed on the insulating film. The semiconductor

N

film 23 is formed by depositing the amorphous semiconductor film using the
20 well-known means such as the sputtering method, LPCVD method or plasma CVD
method. The semiconductor film 23 is formed to have a thickness of 25 to 80 nm
(preferably 30 to 60 nm). Any material can be used for the semiconductor film.
However, preferably, silicon or the alloy of silicon and germanium (SiGe) is
employed. In this embodiment, the amorphous silicon film having a film thickness

25 of 55 nm is formed by the LPCVD method. (Fig. 3A)
Then, crystallization of the semiconductor film is performed by laser
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enbedded in the silicon wafer, is at 70.0 to 1300' C. However, optinmum heat
15 treatnent conditions differ, depending on the state of the sem conductor
film Thus, the operator should determ ne the optl mum heat treatnment-

out for 1 SOHGIERS afé‘é%ft%lgh%é%af%b Q¥ Phipcl ol B picEierp g i
t h t hod, T t t

The subst r S TEOREtE HOre KR e raliab@n it b g oeBh GhEaciUner o)
16. For thi t th t film24 I ti

From | aser POBRAT T U oA F AR a5 SERGRADY £ e OwbRT CONEUR 011 m 25

i s obtained, hen terning i erforned to for conductor | ayer 26
of a desi r@ﬁo p@%earl tggérr W&P&c@%?%da@?% gaRhErasiHbiduct or
| ayer thus o a ned helr electr aracteristics vv|II beco

excel | erft . Hpﬂ%%tvaﬁmghbod tc}?&l \arrﬁﬁ%e%?lé"seﬁfysﬁb@ﬁfl gfe‘n W1 be
descri bed vmthr fere e to OA to 20E. Fi t he se insulating
film (not SHEWW Pgtquﬁ’ﬁ‘ela UBHrQ"%a SII?IBE’FY%R Serysth gxe @116F%§1%ngﬁ?1gﬁe or
the quartz _substrate hadn‘Q nsm SSI i s enp qll the substrate
30. As t he RS GOOGASES g ]faﬁ‘i’rﬁ?eaﬁhgr? jay %Eslfﬁﬂn? as'the silicon

oxide film SI conatglstrldefllm or silicon oxynjtri efllmisfor d. The
structure of %UFIS??%%PF‘ 9 ﬁ?’l’ré‘fanPtl i higieplt gpnealinggising
Lam nati on_of at t wo

enpl oyed. #}}P’Fﬂ&}g %Cfbﬁgéh‘? rs FEPC? ugat! L %)];Itgémh%‘r%r%‘%ltﬁloeﬁl?{ehl s
Form (Bt b6 gt L FRHeh EEEE@%‘%@%%? w?ﬁr%?ee B e N BFeSE! gl ass
'fs 'g?ié:jagﬁ {’31 %ggeg c H%F%@%ﬁ% g.ll u(l'\gpl@:d haqggesﬁegn%gsnfiéj g}(?Jldgd lurr{hglltl{c_s
substrate and ten infrared halogen lamps 15 provided over the substrate turned on.
The heat supplied from the halogen lamps, which is measured by the thermocouple
embedded in the silicon wafer, is at 700 to 1300°C. However, optimum heat
15 weatment conditions differ, depending on the state of the semiconductor film.
Thus, the operator should determine the optimum heat treatment conditions as
necessary. In this embodiment, the heat treatment is carried out for five minutes

ata temperature of 725 °Cin the nitrogen atmosphere, using the RTA method. (Fig.

3C)

N

20 This heat treatment causes the substrate to contract in the direction indicated.
by reference numeral 16. For this reason, contraction of the semiconductor film 24
resulting from laser beam irradiation is lessened, so that the semiconductor film 25
is obtaineci.

Then, patterning is performed to form a semiconductor fayer 26 of a desired

25 shape. If TFTs are manufactured by using the semiconductor layer thus obtained,
their electrical characteristics will become excellent.
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20A) The sem conductor film31 is formed by depositing the anorphous 15
sem conductor filmusing the well-known nmeans such as the sputtering

met hod, LPCVD net hod or plasnma CVD net hod. The sem conductor film31 is
formed to th| ness of 25 to 80 nm (preferably 30 to 60 nm. Any
mat eri al @%{ﬁ%&n%eéﬁ for t he sem conductor fil m However, preferably,

silicon or th a i l.icon and . germaniu | oyed. In this
enbodi nent , bﬂ@%ﬁ fgogt § EENCPLH e%‘oﬂa‘vlﬁ] SFFIFJ%? t“HHER‘?f@@C@ftOSS nm
is forned ture of 400'C by the plasma CVD nethod. Thereafter,

t he sem co%gﬁ?tdd?n??p% 31 is doped with a netal elenent for pronoting

crystallizati ng.th known. ne uch_as fhe sputterin

met hod or theOES 'E}}etsjl?? g '\% t:HlE‘} hBWPSFSrﬁg’ElH%d RBLAE Slsstases AY- ng%kayer
32. As 1 taI el nﬁ one r a '\*lurallty of netal ele pés sel ected
fromth g?%?fp Hﬁ%ﬁ Stit r'i’zesu Eigatenpavipg TaRYMLSE IO, epploy < Ag,
Au, Sri and,S 0 t hi odj nent soI ution that
contains mR F‘q Qﬁrabe %etlﬁélﬂa %ﬂfﬁna? ‘é‘?‘il]iaélﬁﬁ iy %ﬂctiyi‘sé hg giligoroat i ng

met hod. Then st heat .treatnent is carr t to partially
crystalli z%iﬁﬁbp %’H’&U £ mf‘i’q shiqam ‘?W&dﬁ@iﬂll? oy skha geryestire of

d fil 3. (KHo9. 5.Th I t hat th

Zﬁ?eéf’?ng%b?a%énm ST it ik ooy Al G ot iAQ%@tﬂ%@ atrlgast two
t t t.. | t t he, f t t d t f
o o e BT ok s g sk

anneal '1@9 fur nac Then (i%_lrg sec crystﬁll I éﬁm conductor film35 is
for med by ‘P&E@Pt ¢ dorredt |t 1§§P} imegps, gt egb@ éragfe@csmplév%tam thge
sem conductor film. 35 that,6 has, coniracte the tensile st s 34 by
| aser irr asdlncl)cﬁq qugiqeﬂ%@ot showRi haviagp Prﬁg’ﬁkm%r@é LaR epmistor vdfeam i s

shaped by e cRLEs, Sieten o sscip prptice the |1 near formon the

Next, the semiconductor film 31 is formed on the base insulating film. (Fig.

20A) The semiconductor film 31 is formed by depositing the amorphous

15 semiconductor film using the well-known means such as the sputtering method,

LPCVD method or plasma CVD method. The semiconductor film 31 is formed to

have a thickness of 25 to 80 nm (preferably 30 to 60 nm). Any material can be used

for the semiconductor film. However, preferably, silicon or the alloy of silicon and

) germanium (SiGe) is employed. In this embodiment, the amorphous silicon film

.- 20 having a film thickness of 55 nm is formed at a temperature of 400°C by the plasma
CVD method.

Thereafter, the semiconductor film 31 is doped with a metal element for
promoting crystallization by using the well-known means such as the sputtering
method or the solution applying method to form the metal containing layer 32. As

25 the metal element, one or a plurality of metal elements selected from the group
consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Sn and Sb are
27




performed in the air. Wth this arrangenent, crystallinity of the
sem conductor film15 is inproved. However, the second crystalline
sem conductor film 35 that has contracted by |laser beamirradiation is

formed.  Thepidia, SReaple bR ACRALTEN Y RSTIRL O0A g Al s he

anneal ing furnace or method I's carrie IS

embodi ment gmbAsho R EAidIRE AR 25 ﬁé@lﬁg.mg&%dgecond heat treatnent is

carried out for five 20 m nutes nperature of 750C in the nitrogen

at mosphere, w fehakngens h@%?gagﬁieﬁt he gc%,mfl&f %hgﬁtg);p%rﬁy e:ﬁr%rgtgl.hszgg&} rate

to contract in the direction Indicated ef er “%his

, agh} - ' j | 8 | td n | b
ot on i eohaRtontih 8 BFT e A SRl Moo R 460 3e 0T B0 nea.
Then, tt j j t ' d I 40, of
doci o0 25 Shand AR BT e b B R e RO S Ko B,

I h s , I ' ] ISt i i1l b :
exeal | ont - ehpanmsat bt Tkl B ghRlRR B bR Mg it mis e war p

in the seniGoR ' opanufacturing process different
fromthe g?r) ocegﬁggooljrr%%% tﬁng%%gg)lfﬁgﬁt E?f Flnl%%g’e&]e%tﬁ?qsﬁgﬁte\’/\l’vt‘{#‘ e

ref erence hgs,. ﬁ&éto 21D. First, the state illustrated in Fig. 20A is
obt ai ned a%:rg%ér:%i?%gﬁl 6 “Enbodi ment 4. Then, the first heat treatnent is

i ed ial l tall#.ze th 1 ' t filmtag f th
First “orystal |FRes o cBad RoReHIAR, lfcomtaO0G Mok nlarsHnBk G 1 hat
J th | he RTA.net h b d first

hoar e Ao (IR T S R R i BB or Y 72 Tt

-RGUt for 10&)1&?&&@8’ %r@fer E}Zh%eg:?lgﬂea tSH‘%?S gg’ g‘)focf‘éllsce:l' IlHaEil%.%loﬂn{bté)?l%gg a{nm%ﬁgher €

usi ng
embodiment, the excimer laser beam is shaped by the optical system so as to

produce the linear form on the irradiation plane, and laser beam irradiarion is
performed in the air. With this arrangement, crystallinity of the semiconductor film
15 is improved. However, the second crystalline semiconductor film 35 that has
contracted by laser beam irradiation is formed.
Then, the second heat treatment by thermal annealing that uses the annealing
furnace or the RTA method is carried out. (Fig. 20D) In this embodiment, the
} RTA method is employed. The second heat treatment is carried out for five
20 minutes at a temperature of 750°C in the nitrogen atmosphere, with halogen
lamps.
This heat treatment causes the substrate to contract in the direction indicated
by reference numeral 38. For this reason, contraction of the semiconductor film 38
resulting from laser beam irradiation is lessened, so that the semiconductor film 39
25 is obtained.
Then, patterning is performed to form the semiconductor layer 40 of a desired
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t he RTA method. 15 Then, the crystalline seniconductor film35 is fornmed by
| aser crystallization. In this enbodinent, the second harnonic emtted
fromthe YAG | aser is shaped by the optical systemso as to produce the

N f el adi at i lane, and . laser beamirradiatiognjs
per formed Fhhe At hogerat oeBrarEr ofig e ficondiang behitusabjarar i n ¢y
f th ' filmis.i d. Ho . the 20 d talli
e conduc it R chaRe e b Phearb ShyIchter beam irradi alion IS

formed. Then, patterning is perforned to forma sem conductor |ayer 4 1,
Thereafter, the second beat treatnment by thermal annealing using the
anneal i ng f[grr%% e or $he RTA nethod is carried out. The second heat

t r eat ment B9 1%%’??']% out at a tenperature higher than that for the

first heat treatnment. .In.this 24 enpodi ment, thermal annealing using the
anneal i ng fur ni%gﬁlisg UREgt a‘l‘ﬁﬁt@gﬁ%{jﬂ@ggﬁ@éta Vapanbasemicasiueradilaut 1 or
30 m nutes gt a,t erature of 600C in the nitrogen atnosphere. This heat
treat ment Eli]i?élgb ﬁ?rg @%@f{a?%@gt TSt rdtég?repﬁ bre gi‘er dUPEH asarEaLed 5 by
reference puneral 38, Eqr, this reason, contraction_of the sem conductor

| ayer 39 E&%ﬁ@ﬁﬁtﬁ%ﬁheﬁé?ﬂ%ﬁ% rEEIPRES Ofies Alésteabld, so that the
sem conductor film, 42 is obtained. |f _TFTs are nuf act ured_by using the
sem conduct or %E%rthﬁﬁtattﬁ USU{%@%}I}]E@- zgﬁ‘eisr‘)%éfluégg eredding g Bothedimenes

wil | becomi excel l ent. [Enbodinent 6] 10 In this enbodi nent, a method of
reducing a'warp in the sem conductor film by using the heat treatnent
through the maguf act ri@_gt rocess different fromthe process according to

_Enbodi ment 4 or "§Mwithf ErT4EReRt tih Goged dyEetor partiadly, crvemblizeotroE,

First, the glass,substrate or the guartz substrate having transm ssivity is
1b semiconductor flm to form the flqrst crystaﬁine semiconductor fgﬂm 33. (Fig. 20B) Y

Thermal annealing that uses the annealing furnace or the RTA method may be used
for the first heat treatment. In this embodiment, the first heat treatment is carried
out for 100 seconds at a temperature of 700°C in the nitrogen atmosphere, using
the RTA method.

15 Then, the crystalline semiconductor film 35 is formed by laser crystallization.
In this embodiment, the second harmonic emitted from the YAG laser is shaped hy
the optical system so as to produce the linear form on the irradiation plane, and
laser beam irradiation is performed in the nitrogen atmosphere. With this
arrangement, crystallinity of the semiconductor film is improved. However, the

20 second crystalline semiconductor film 35 that has contracted by laser beam
irradiation is formed.

Then, patterningis performed to form a semiconductor layer 41.
Thereafter, the second heat treatment by thermal annealing using the
annealing furnace or the RTA method is carried out. The second heat treatment

25 is carried out at a temperature higher than that for the first heat treatment.’ In this
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15 enpl oyed as the substrate 30. In this enbodinent, the glass substrate is
used as the substrate 30. Then, the conductive filmis fornmed on the
substrate 30, and then etching is perforned to forma conductive film51
of a desired,shape. An terigl havin heat  resi stance can be used for

t he conducFm}’é—’}aflﬁF%’ ﬁ%“@ éﬂ%"nﬁ“@éﬁﬁ‘t& appering ErRee frappiedohdr seqang of
Ta, W Ti, M, Cu, C and Nd, may bg used. Alternatively, the alloy
material oP<RhECABRERUICITHES rQUé|f0ﬁ§prmw6@h§t gt iempesaturh et §808ctiadthel enment
may al so be used. Alternatively, the sem conductor filmrepresented by the
crystalli néﬂté?gqrb%ﬁm‘?ﬁpi‘ﬁ{edoped with the inpurity el ement such as phosphorus
may al so be emoged. Still alternatively, the alloy of Ag, Pd, and Cu
(AgPdCu al | oy) lrid§ness tipspenkcalgy Gygsubstmie taeonisaaie tf ditdssiongndigetady e
filmis not limted to a fi ngle 25 layer. Lamnation of the |layers of the .
conduct iPve Y iteigEenegy Rl B8 Enp iy egasonnconmperianpodicrssnticondhstedagerct i ve
filmb51 thgt9 co _rifes #he Wfilmhaving a thickness of 400 nmis forned.
Then, as ar”itAYUTRE fieg Pserheam feadiadoni lessenesh natkat the semiconsluctaridm
insulating .5 filmsuch as the silicon oxide film silicon nitride film or
silicon ofyns ebmined: ilf Frils arg mepsthctyrsd brivsingvbe s misonductos layiet #2 omusoxi de
fil mhaving a thickness of 150 nmis forned by the plasma CVD nethod. A
seni conduc PbFaired, theis electrignlrhbaranterisiss iwill beeoiagxtellant. The seni conduct or
filmb53 is formed by depositing the anorphous sem conductor filmusing the
10 wel | -known neans such as the sputtering nethod, LPCVD nethod or plasm
CVD net hod. _The sem conductor film53 is formed to have a thickness of 25
t9 80 nm ({Bmé)pdmmtyé]so to 60 nm. Any material can be used for the

sem conductor film53. However, preferably, silicon or the., alloy of

si licontPand getmrinis gmboditment, asmedng efyreducing atwarp inrrbodémmondut tve film

anor phous %ili‘con filmhaving a filmthickness 15 of 55 nmis fornmed by

t he pl asnmabrvsingghpdgat treatment through the manufacturing process different from the

process according to Embodiment 4 or 5 will be described with reference to Figs.
22A to 22E.

First, the glass substrate or the quartz substrate having transmissivity is

15 - employed as the substrate 30. In this embodiment, the glass substrate is used as the
substrate 30.

Then, the conductive film is formed on the substrate 30, and then etching is

} performed to form a conductive film 51 of a desired shape. Any material having

heat resistance can be used for the conductive film. An element selected from the

20 group consisting of Ta, W, Ti, Mo, Cu, Cr and Nd, may be used. Alternatively, the

alloy material or the compound material mainly cbnsisting of the selected element

Iﬁay also be used. Alternatively, the semiconductor film represented by the

crystalline silicon film doped with the impurity element such as phosphorué may also

be employed. 'Still alternatively, the alloy of Ag, Pd, and Cu (AgPdCu alloy} may

25  also be employed. The structure of the conductive film is not limited to a single
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Thereafter, the sem conductor film53 is doped with a netal elenent for
pronoting crystallization by using the well-known neans such as the
sputtering nethod or the solution applying nethod to forma netal

t ai ni ery 54, (Fig....22A) As.tthe netal. el ement, qgne or a plurality
819 r]t ﬁ:amrrgtg a#a% i e]ri%tmréa(t]?g\g%fc@gﬁa‘%e%ﬂf%? %F%Eﬁ%ﬁ’ﬁ%ﬁ?‘hbe Blfnplkgﬂeﬂ noN
Ru, Rh, Pd, (Os, Iit. . Pt . Ag, s Au, Sn a b are enplpy Jn this
enmbodi ment ,thlﬁgnﬁﬁdéﬁnegbgﬁf’ﬁi %CF%?&HSE%@W&%W&%@@% f‘é“ hayinged by
t he sputterjng neth go Then,.the,first heat treatnent is carried out to
partially c&ﬁ)glf%qsfpg Q man isdgrmEdnduct or filmto forma first crystalline

sem conduct or fidm55. (Fig. .22 Ther mal anneal i ng. . that uses fhe
anneal i ng fur nac8Br3S@ nﬁgﬁlﬁﬁ%ﬁ%@%@ewﬁu?@fﬂ 261=]Et1ﬁ“e’é¥sﬁlélﬁ1ﬁ1ﬁ I'n
- this enbpdigent, jthe first heat,treatment is carried out or four hours
o 2 Tenbr b o i o Sl
ur nace. n, econ rystalline s ndug _ _

| aser cr ysﬁ)meaz it ﬁ.e’?iﬁdg‘?eﬁtz eﬁ*iié()’& Pﬁ@ﬁgﬁm hrvingathiskaers 0dd 58 Nnkisse
that has 5, contr.acted, unde e tensile stress 34 is fornmed by |aser

i rradiat i onforimgdihy the Hlaswen hé}ﬂ?,mqt aexci mer |aser beamis shaped by the

optical systemsgo as to, produce the |lipear formon the jrradiation plane,
aﬁd Iaserybeam ?Xﬁ?%%@%ﬁoq mﬁw?m%ﬂomﬁmﬁéulatmg ﬁEWlt # hesemicandaatament
crystallini t he sem conductor film is inproved. However, the

cr);st al l i neé]é?e;%cbsn ﬁ‘gllrgYinjeﬁ’P%@ngh@te RBOTRINMS, werisendugopfilmayepg héem
irradiation is.formed. Then, the second heat treatpent by thermal annealing
‘uding t he aWREANCORE MeEARGch a5t %%tmg@@%é, LE&&D meé%%mplaﬁrna&\/@zm

Th this embodiment.. the RTA nethaod is. plied. The second heat treatnent
is carried %thcngh‘éé?mFﬁ Eorqﬁ’cng tsgpﬁﬁé? tuhaver thighnessioh 28 1e 881 mmogen

e . hirlthins 1SS Aohanr “Arbavsenel Gonibe et Bor e temrondricsar fltn 55,
However, preferably, silicon or the-alloy of silicon and germanium (SiGe) is
employed. In this embodiment, the amorphous silicon film having a film thickness

15  of 55 nm is formed by the plasma CVD method.

Thereafter, the semiconductor film 53 is doped with a metal element for
promoting crystallization by using the well-known means such as the sputtering
method or the solution applying method to form a metal containing layer 54. (Fig.

) 22A) Asthe metal element, one or a plurality of the metal elements selected from

| 20  the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Ay, Sn and Sb are
employed. In this embodiment, the metal containing layer 54 containing nickel is
formed by the sputtering method.

Then, the first heat treatment is carried out to pardally crystallize the
semiconductor film to form a first crystalline semiconductor film 55. (Fig. 22B)

25 Thermal annealing that uses the annealing furnace or the RTA method may be used
for the heat treatment. In this embodiment, the first heat treatmenc is carried out
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processes is reduced, conpared with the tinme after |aser crystallization is
performed. Then, patterning is perforned to forma sem conductor |ayer 58
of a desired shape. If TFTs are manufactured by using the sem conduct or

| ayer thus |.ned Q their electrd.cal, characteristics wll becone '
excel | ent . f?ﬁ@&i}f%ﬁtﬂgﬂ P puge é’%ﬁé@i he‘r’i‘t? q%rqsﬁﬂﬁa@@%rﬁg Ml of
the acti veama%glie.x 1g;ubst rate is explained using Figs. 4Ato 8. In this
speci ficati on- ettt rate on which both the driver circuit and the

pi xel portion ?he formed i refeir

red to as an actjve matrix 25 substrate
for conveni ence &ai Se59ng; pistalling tsﬁ%‘:@}ﬁﬁﬁé‘i’fn@mﬂ 58 subwmest dyskoer s

used, which is mde of gla uch, as barjum borosi]icate glass or alum num
bor osi Ii cat&stl @é’engfg%t ggcjucﬂhﬁsCW&%%‘%QCWU@F@S@HH% gpr3lagl ass.

Note that, as _the sub tralgle 320, a quartz _substrate, a silicon substrate,
a netal i c COBHarted: Bnder she tansileesisess by foanash bwdness isradintioor méal s

i nsul ating fi,l A plastic substrate with heat resistance to a process
" tenperatur EHHPEIHFQEQC?‘SO%%E)E ?ﬁ“?&?thﬁla@o ipehapsdby e pptisalbsysent isbras3mi
formed of an_insulatjng filmsuch as g silicon oxide film a silicon
nitride fi Pﬁ?‘i‘)‘?‘:e thﬁ ‘1?%6#06‘%%%‘? Pd@aﬁ}altm glapenned lesertheens instiatere i820.
In this enbodinment, .a twcb-(/l_ yer structure is used as the base film 321.
However, aP% O‘érpﬁg’rrét-hieé‘}%r f50 sy apee et ySallintty gt therseméemrslustonfgnof  t wo
or- nore layers of th i nsul ati ng i[,lmrray be used, As a first l|layer of the
base film 32HPAVEY| VEkyhetrysgalling jserreparhicrer filsy p@ ahaii has contiscedchesss
of 10 ta 200.nm (preferably 50 .to 100 nm) with a plasm CVD nmet hod using

NGs %5%5%%83 foyane

(?)IXHflfl tride fil 321‘8§r(1’io’§€9i“ic}f1i on I‘(;I'It inot g: S: grz?/OdiOnEn?L’S tth’e/ S:\Il LC(Z)Z‘V and H
= )1/70/@ with a fibeh Oh SERBEGH T cRERE by herwed) armeehng agingahe enm@lmg;\yer
of the basg hacdof the RTA mediod £ eiitied out, (Fig. B215) In' this embedinnt, the

RTA method is applied. The second heat treatment is carried out for four minutes

- ata temperature of 700°C in the nitrogen atmosphere, with halogen lamps. The

15 warp in the semiconductor film 57 that has undergone these heat treatment

processes is reduced, compared with the time after laser crystallization is
petformed.

Then, patterning is performed to form a semiconductor layer 58 of a desired

shape. If TFTs are manufactured by using the semiconductor layer thus obtained,

20 their electrical characteristics will become excellent.

[Embodiment 7]

In this embodiment, the manufacturing method of the active matrix substrate
is explained using Figs. 4A to 8. In this specification, the substrate on which both
the driver circuit and the pixel portion are formed is referred to as an active matrix

25 substrate for convenience' sake.
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| am nated into a thickness of 50 to 200 nm (preferably 100 to 150 nm) wth
a plasma CVD nethod using SiH4 and N20 as reaction gas. In this
enbodi ment, the silicon oxynitride film 321b (conposition ratio Si = 32%

0 =59% N=7%and 20 H=x 29 wth fil hi ckness_of 100, run_is forned.
Subsequent |y, gﬁﬁ’%ﬁﬂﬁﬁ?@r"%ﬁ‘?ﬁ' Siﬁgﬁtgatfsg}z USH: v seadeiqt glasiech

sem conductor, fil m322 4s formed froma seniconductor filmwth an

anor phous agtb@m,b@rwﬁl%eigslaqsoqrng@wu@ bREmLGAES hEspreseneasl By sich as
sputtering t hod PCVD ,; Or | asma D nethod) _into the

t hi ckness I?‘P@nﬂ@? Sbé%aaﬂ%r%fsﬂ(%ggléﬁerge&y%@ 5ot @E%ﬁ’)f?tﬁ}@»rﬁaﬂﬁ@&fital of
the crystall, ne sem, ondquor filmis not particularly limted, but it is
pr ef er abl & SUF TS bt It SéliaF‘?’@(fﬁ?taih%théféFﬁ ot piailoim sE8smies) whidtoy, or
t he Iik%. The se 'co,ndLigt,or @lil 3%2 issyg)gystal_lized next. The | aser
cryst al Pi zBtRet anggsulagne nc%sﬁ At ssirale withihsat sesiftenedivca prodesy m
Further, other than laser crystallization, known thermal crystallization

usi ng net afSBPEREHEOf shisiembadinenk mayadsobt uesh yst are applicable for a
cially, the conbination of

crystallizatiog,of the sem uctqr film 5 Espe f hi n
the thermal crydf? %SgtfﬁBhf?gQﬁd el a ingulsting gk asasiidsketida it he
| aser cryst alll i zati o rgrlet hod | s preferahll ? to use because the electron
field-effedf! %?BBFPFF{)]‘-‘ M fhASHiseR VRGHide il dnimmer orFthe sibswrareotdy In
consi derabl,y. to,500 to 600 V;/é}crrz. The electron field-effect nobility is
about 200 TS FEIROKIRENT Bheve-JavsF SEHGRIRLY ses: asornei base dily dledHoraveul se
osci | | 2@ on o& ont}inuous i ght em ssion |asers such as exciner |asers,
YAG | asér, S1&f @W@a Iy 95 laavnaion sEaCtuRe corsistingep! By et aldre 2aweronf et hod.
A nethod in whjch.a | aser béf,‘ em'ttiﬁg fr?mgqlas_er oscillator is
concent r at B3 HlE maR sg ps g%,@a Bist lavenpt thediase i il ansllierreaxyriradt at ed
to the sen%iﬁggg:fct ofr film, maﬁgs us&d for_cases in which the above | asers
are used. 9 Starmed wishonthicknesnal 1G enid0wmip (beeferablya) 1 K¥) mwd sdclby an
oper at or, butI t he (S{}ﬁse oscill atiagn frelg;enrgi\; is set to 300 Hz, and the
| aser ener §yPadA%i ¢y madedpeingentioddndambiN,O as reaction gas. In this
embodiment, the silicon oxynitride film 321a (composition ratio Si = 32%, O =
15 27%, N = 24% and H = 17%) with a film thickness of 50 nm is formed. Then, as
a second layer of the base film 321, a silicon oxynitride film 321b is formed and
laminated into a thickness of 50 to 200 nm (preferably 100 to 150 nm) with a
- plasma CVD method using SiH, and N,O as reaction gas. In this embodiment, the
I silicon oxynitride film 321b (composition ratio Si = 32%, O = 59%, N = 7% and
20 H = 12%) with a film thickness of 100 nm is formed.

Subsequéntly, semiconductor film 322 is formed on the base film. The
semiconductor film 322 is formed from a semiconductor film with an amorphous
structure which is formed by a known method (such as a sputtering method, an
LPCVD method, or a plasma CVD method) into the thickness of from 25 to 80 nm

25  (preferably 30 to 60 nm). The material of the crystalline semiconductor film is not

particularly limited, but it is preferable to be formed of silicon, a silicon germanium
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m)/ cnZ (typically from 200 to 700 ml/ cnZ) when an exciner. |laser is used.
Further, the second harnonic is used if a.YAG |aser is enployed, the pul se
oscillation frequency nmay be set from1 to 300 Hz, and the | aser energy

e s s RS0 LT, (el 0,
D EG TATER ol RL A0eah SRaLL T oL ST
B B BB o RS 5 S P
1. BB 5 D SR PR SRR o B
e R UL C DL R gL
P o 212 SR AP ALLSEL S UL £00, LiALpted LD e 1 fonen
e L S B LS R S

hoat ' oat RERASEOBGHODS bR o emi 1 he et s Bk REDITp i abot: 300
i ve i it S8/ WOem Ao ber TR IRBHOTEoB SB[ on of Tho sem conductor
it aiBer”  hoFRisrcliapsnen {r RTINS MG ISt Ia S hyS ATl
e conductar Ol 2y 8403 Pp s capL e, oSt e oniatipBretache A
com conducl oty L afeL 402 o 405, 8 MoULe LS Brunl o Lmmur Ly et
TR a linear shape by an optical system and then irradiated to the semiconductor film
may be used for cases in which the above lasers are used. The crystallization
15 conditions may be suitab1§ selected by an operator, but the pulse oscillation
frequency is set to 300 Hz, and the laser energy density is set between 100 and 800
m]/em’ (typically from 200 to 700 mJ/cm?) when an excimer laser is used. Further,
the second harmonic is used if a.YAG laser is employed, the pulse oscillation
frequency may be set from 1 to 300 Hz, and the laser energy density may be set
20 between 300 and 1000 m]/cm? (typically from 350 to 800 mJ/cm?). The laser beam
concentrated into a linear shape having a width of 100 to 1000 wm, for example 400
um, is then irradiated over the entire surface of the substrate. Irradiation may be
performed at this point with an ovérlap ratio for the linear shape beam set between
50 and 98%.
25 In this embodiment, the metal containing layer 323 is formed by applying

nickel using a solution application method (Fig. 4A). As a first heat treatment, the
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A gate insulating film407 is then forned for covering the sem conductor
| ayers 402 to 406. The gate insulating film407 i.s formed of an insul ating
filmcontaining silicon by a plasma CV/D nethod or a sputtering nethod

gat o | nsul SEAGOHPRARed o S5 Mt sd T GrnaR R asmOBlr o P> Kt o 2
“se0p SR Ao fabed Bn A U5k ES SRR e PR YA
Lo o o B0 OB s 3 S b
Tt LSS A L Bl O L SR R DG o D
e S ORI DB ol SOUSELILE 5 1o
Gat e i nsurde NG SPFRRPORH S T J B domHE e Tt et Gt (8751 1§ con oxi de.
s R R 55%P Be To0Sabh 9 s o
thi ckness L T33TPER 060 RS B R oT b a3 SPINSAREBH D Syt P BeToBMRant -
and t he. Sclona TP GRY PUEHAHISOBIGE 2 T (o (eUTeites Beive helOkress. of
with 2% 1R ol B A Oan S RO FENCORUNEIAT A ZE DB P Be aamenhe. W
o A e BB sadr ' ™™
Whi chever net Pﬂg‘&:ﬁ) ugg%bei t i ﬁ]é]]r:eces,saraut 0] ke 15 the material have | ow

resi stance fo GRSt ldne sqpisaudugipgiim iy ratsraed ipkdthertiesited he

resistivity of the Wfilmis set tp |less thap or equal to 20 gocm B
maki ng t heDape to form the semiconductor Payers 4802 to %6. g J y

Further, after the formation of the semiconductor layer 402 to 406, a minute
15 amount of impurity element (boron or phosphorus) may be doped to control a
threshold value of the TFT.
A gate insulating film 407 is then formed for covering the semiconductor layers
402 t0 406. The gate insulating film 407 is formed of an insulating film containing
; silicon by a plasma CVD method or a sputtering method into a film thickness of
20 from 40 to 150 nm. In this embodiment, the gate insulating film 407 is formed of
a silicon oxynitride film into a thickness of 110 nm by a plasma CVD method
(composition ratio Si = 32%, O = 59%, N = 7%, and H = 1%). Of course, the
gate insulating film is not limited to the silicon oxynitride film, and an other
insulating film containing silicon may be used as a single layer or a lamination
25  structure.
Besides, when the silicon oxide film is used, it can be possible to be formed by .
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crystal grains large, it is possible to nake the Wfilm have | ower
resistivity. However, in the case where many inpurity elements such as
oxygen are contained wthin the Wfilm crystallization is inhibited and

e Lo ARSI ot R R ST p B o o
Cmour 11 oot SRS GBI R e MigT thareiabr o e A6 Yo rm
i thi s enbgarRe tofistiti of AR Ge TR e wh et 00 FaNOD 6 and
par 1 cul arPSoT s R BT HEr BB 2atRan B AT 195 B BeeA g e amuiastigscbrmen
g TR T AL
el ement as itsymain constituent., Besides, a sem conductor film_typified
by a crystallin&gidf Fﬁ%‘ﬁnfl? I%?ﬁ gébé’@ Eatemsulagpg film Al adfssconduptise _
By Conbi TUPT B0 RO 5 ekt pLd0 0 dNOLh S st conapamvaIR HOT e T r 5t
S or med POCSS B rat TR FedpITEs ehb LT atec oo FURboHaRG She f or med
e e A S U S e,
IVLEL 8y 000 08 g Secsp STt e LU 5 U o 2 B8
nitride (TaN)_ and e second  conductive filmis formed of Cu. Next, masks
410 to 41%‘“ @%ﬂ%@@tfﬂa%g@% SREFREDE Vot bR TaHeGadstiv nifegdvd, and
1L SRR SSCREH S PEELBLTER Dl B LSS s 9, 0
Poo (1 odudtirya ) Taraet! The WPRRS Sl Be fotned By a' thermmal €YD Wedhod tsimg > "
tungsten hexafluoride (WF,). Whichever method is used, it is necessary to make
15  the material have low resistance for use as the gate electrode, and it is preferred that
the resistivity of the W film is set to less than or equal to 20 uQcm. By making the
crystal grains large, it is possible to make the W film have lower resistivity.
However, in the case where many impurity elements such as oxygen are contained
' ; within the W film, crystallization is inhibited and the resistance becomes higher.
20 Therefore, in this embodiment, by forming the W film by a sputtering method using
-a W target with a high purity of 99.9999% and in addition, by taking sufficient
consideration to prevent impurities within thé gas phase from mixing therein during
the ﬁllmr formation, a resistivity of from 9 to 20 uQcm can be realized.
Note that, in this embodiment, the first conductive film 408 is made of TaN,
25 and the second conductive film 409 is made of W, but the material is not

particularly limited thereto, and either film may be formed of an element selected
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coupl ed plasma) etching nethod is used, a gas m xture of CF41 Cl11 and O, is
used as an etching gas, the gas flowrate is set to 25/25/10 sccm and
pl asma i s generated by applying a 500 WRF (13.56 MHiz) power to a coil

TP produC el B e cemi i WO M e il albitite.
e N R S e
o L LA THER GRS Bl B e
ot OB D O A B PO A g G e
e g e T R SRR RN
e SR, ool Ak T W SR Ty S e o
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etching w thout a resi due t insulating fil In the first

et chi ng pr B &ombing %né?ldvdkblé [?18,@*5580@ t?‘ieré m dh )%%g]ﬁﬁt%ﬁhmtm%ie 10

| ayers haveat pered _sha to the effect of the bias

{V()?/t age f)i-ﬁﬁggg{lét ﬂg?éim §tqfrf‘g1 RR3 KeIBENGEY} By Whichh a

swtables The , an of_t edp rtiaons be set to 15 to
Thus, q?ﬁp ﬁ&‘% lg‘arfbh}bfﬁ mq éF@ta 1 gty (i snde g seaande

Iayers 417a t and eco onductlve | ayers 417b to 422b) constituted

of the fi r%?n F\/’éf‘i”é%f‘éf@Hd the second conductive 15 | ayers are

{noul ating f1 5<§fm£ SR SR St e M S
.cover ed bymtet&xod and a first etching process is performed in order to form electrodes and
15  wirings. This first etching process is performed with the first and second etching
conditions. In this embodimenyt, as the first etching conditions, an ICP (inductively
coupled plasma) etching method is used, a gas mixture of CF 4 Cland O, is used as

an etching gas, the gas flow rate is set to 25/25/10 sccm, and plasma is generated by

applying a 500 W RF (13.56 MHz) power to a coil shape electrode under 1 Pa. A

e

20 dry etching device with ICP (Model E645- ICP) produced by Matsushita Electric -
Industrial Co. Ltd. is used here. A 150 W RF (13.56 MHz) power is also applied to
the substrate side (test piece stage) to effectively apply a negative self-bias voltage.
The W film is etched with the first etching conditions, and the end portion of the
first conductive layer is formed into a tapered shape.

25 Thereafter, the first etching conditions are changed into the second etching
conditions without removing the masks 410 to 415 made of resist, a mixed gas of
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first shape conductive layers 417 to 422 are nmade thinner by approximtely
20 to 50 nmby etching. Then, a first doping process is perfornmed to the
sem conductor | ayer vvithout 20 renoving the nmask made of resist (Fig. 5B).

method. | Thetedng Ehah i el %Eﬁ'bﬁia%%?%?}ﬁ 8t g 1ede _éSﬁS%f%33'é?2ﬂ3a§én'fa?wtdatx' 10"
EVE: ;aégtl)?giﬁs&mﬂg%%eﬁﬁ%ﬁsg bpBfi s ﬁagwgﬁéﬁﬁﬁiﬁd%%gog&@w o
condugti.w fcu ﬁe&“ﬁ%m‘%\m”ﬁﬁebﬁgsﬁjagn%dﬁ%ﬁﬁ aggub% ; eri%‘c?o@g&iafbl e,
hore. | Lysgf’?ﬁ%@i@ bOVre s, B ErTse T qoagler silegie éldgszﬁg(éég@%é”iwlisﬁf o the
Icgﬁg (r'-,‘lnt at f ﬁcggﬁ‘%\ﬁfa%‘iéaﬂtn@grstskgg%%o ;385 3%9 &lnﬂﬁlp |ﬁ}gdf§g; gﬂ‘a‘l’@f@m ng

manner. The_jnpurit eleme 0 arting the type . condyctivit |s
added to t RED %ﬁégﬁ‘ﬁr £ Wﬁ[" hﬁ Gopgl Mﬁ@“é@@%@@hﬁi‘ &54 w2l Hhe

concentration ra e%Io ]Iga é}é’?o 1.x 1021 at ons/ rE% Thereafter a
second etc?ﬁenﬁ“ QLe | SHOE HBRE ‘?%%‘ﬁﬁa Yh@Pﬁ%lRf@te of

resist. mﬁp? of CF41 .and may be used s et chi gas_used and
the Wfil EFQ/B?SfO@BE ing yitdoys @Bk aes thegat aparaiuping o 433b
are forned by second etchin roces th nd the first
conductive | ave?ghel Sﬁef?ﬁmtgé’rﬁ%ﬂfg tﬁ?@“ BPEFI‘%PSéX?ElHe@SK%F s£cand sYndugive he
second .congductive e to 433 are , cond dopi ng

= pY ocess16 PEF B© 8%'3 7 ﬁafﬁrﬁd s ﬂP‘%\/ﬁPﬁ&@tther mﬁgﬁ dasraalkagef r om

T e e et o ot T o
Sopio BT O5ERE AT a1 Srcelarel on ol sge 1000420 Koy n this
vol tage i Slayers 417 to 422 (first conductive layers 417a to 422a and second conductive layers
417b to 422b) constituted of the first conductive layers and the second conductive
15 layers are formed by the first etching process. Reference numeral 416 denotes a gate
insulating film, and regions of the gate insulating film which are not covered By the
first shape conductive layers 417 to 422 are made thinner by approximately 20 to
50 nm by etching.
j Then, a fiest doping process is performed to the semiconductor layer without
20 removing the mask made of resist (Fig. 5B). Doping may be carried out by an ion
doping method or an ion implantation method. The condition of the ion doping
method is that a dosage is 1 x 10 to 5 x 10” atoms/cm’, and an acceleration
voltage is 60 to 100 keV. In this embodiment, the dosage is 1.5 x 10" atoms/cm’
and the acceleration voltage is 80 keV. As the impurity element for imparting the
25 n-type conductivity, an element which belongs to group 15 of the periodic table,
typically phosphorus (P} or arsenic (As) is used, and phosphorus is used here. In.

33




keV. The second dopi ng process is using a second shaped conductive | ayers
428 to 433 as masks, and the inpurity elenments is doped with a
sem conductor |ayer at the below of the second conductive |ayers 428b to
433h. Second, hi gh concentration 20 inpurity regions 423a to 427a and | ow
concentr at i'OR qag%ﬁ‘ﬁwnaéﬁﬁl%laﬁ%ﬁw gofiZtrbecame maskisyio the rapuritsiement t er
t he masks are. renoved, masks 434a and 434b formresists are newy forned,
and the t hilPHREHPE§he Rd¥Re sonduGEEity ornbighs OsRowmation MprigB:gians Hked
gas of SF6 a q Cl, _is used é? an etching gas, the gas flowrate is set to
50/ 10 25 sc,t@g] Ogreiopmas ima palf-ghgningmemnsy. ShpinpuityslsomifoRmyartngehaiz)
power to a coil shape electrode under 1.3 Pa to thereby performetching
for about 3IpUEECORGECtivtBS agdedu®rhg highsenmutyapowerpurstyatgionapf icebl® o t he
substrate side (test piece stage) tozoeffectiz\llely applied to a negative
sel f- bi a5 vBIthagencenfiarion rage ol Aok Piape 1 xbdevimy/ent ayers 435 to 438
(435a to 438a and 435b to 438b) of the p-channel type TFT and the TFT of
the pixel portildrereplitsces secopttpiching prcassds pyrfatrsdivighouteeMakingghe iasks n
above-nmentioned third etching process. Next, after renoving the masks from
resists, teadmafuesist iy mixgdeas of $OF  ©laud O maf bemeet! byecbimgdangsed and
selectively the gate insulating film416 and using the second shape
conduct i ve thay¥rfilaps sglegtingly etelwil. t hbe secunbicanlyseive datuc 4 28te to 493 aret3s
to 438 as g mask (Fig. 6Q 10 Successively, there is carried out a third
dopi ng pr odesBseqby Bycqrag srchivgprogess neskde aBer handg fiscfisoapndwitivg laess st s.
By the third _dopi ng processing, there are Mforned inpurity regions 446
‘and 4471 ddddawp (R 2aard Igrdhi atghed EdSiar4 330, prdihiedengnd eombrdive lavess 43pe
reverse to the above-descri bed one conductive type at sem conductor |ayers
constit uti g 42dtargdeinesl.| ayers of p-channel type TFTS. The 15 inpurity
regions are forned self-adjustingly by adding the inpurity el enent

Next, a second doping process is performed as shown in Fig. 6A without

removing the masks from resists. The impurity clements which imparts n-type

conductivity is doped under the condition that the dose amount is lower than that

15 of a first doping process with an acc‘eleration voltage 70 to 120 keV. In this

embodiment, the dosage is 1.5 x 10" atoms/cm?, and the acceleration voltage is 90

keV. The second doping process is using a second shaped conductive layers 428 to

433 as masks, and the impurity elements is doped with a semiconductor layer at the

3§ - below of the second conductive layers 428b to 433b. Second high concentration

20  impurity regions 423a to 427a and low concentration impurity region 423b to 427b
are newly formed.

Next, after the masks are removed, masks 434a and 434b form resists are

newly formed, and the third etching process is performed as shown in Fig. 6B. A

mixed gas of SF and Cl; is used as an etching gas, the gas flow rate is set to 50/10

25  scem, and plasma is generated by applying a 500 W RF (13.56 MHz) power to a coil

shape electrode under 1.3 Pa to thereby perform etching for about 30 seconds. A
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provi ding p-type by using the second conductive |ayers 435a and 438a as
masks against the inpurity element. In this enbodinent, the inpurity
regions 446 (including 446a to 446c) and 447 (including 447a to 447c) are

the third as e aEERIi RS S dnPteRt sttt Grspise stdhnne
A Though tH8 FRETNEG SpBlrdS Raanc s bike valiage Anih prosprorienat
R A G
pr gw di ng ggﬁ? atr@p%efc@: Ff Q?Fl?'F BXp éIOBf(pﬁ‘el%%(ﬂ Gr¢ H'8 Y?tﬁﬁli’é e Ta
atol\/S/Cl\/bB fhhe I%Y rtn¥9 eged?g?gd unction as source regions and drain

r egi ons of %Bmééisor dingly, no problemis posed.
In this enbodl ‘rﬁ ort| ons, ofht he k m conduct.or | ers const | ut| n
activation |ay gx%]a LCHICTRAHRE e nsks P%reé]ﬁ@r tfg;(% Hnér]l%Ve&‘c

there is achl{-eve an advant a e that ,the inp ? (bor | Eas
Lo add ¢ horbfGics BHETIIIE e D o WonsE ot sl spson

sem conduct @r | ayers by t he scr Next, a first

i nterlayer ?’ﬁgﬁf:é?fhﬁ “%lei aﬁ?%@?ﬁﬁ%@@?*@%@ﬂh@ﬁ%@%ﬁﬁ@ layeas43% o
445c conpri si resi st.s hEEIrSt interlayer insulating film461 is formed
by an msJIOa iy & 7 ﬁ]f(]r:fgl Ging sili con and having a thickness of 100

L g T S0 B B B U2 gt Bt 15

e Tormeg Y At a3 Qb arecese, Muralyy the frst o

am nat ed- SOPUER PRUTY TERR 470 434 4R GaHeby B a5, MHEBy Y RERETGOCaOM R out o

step of act] V%tnldugtﬁ[rg etylpgp ll:JerVIeEs)é to the above-described one conductive type at
semiconductor layers constituting activation layers of p-channel type TFTs. The

15 impurity regions are formed self-adjustingly by adding .the impurity element
providing p-type by using the second conductive layers 435a and 438a as masks
against the impurity element. In this embodiment, the impurity regions 446
(including 446a to 446¢) and 447 (including 447a to 447¢) are formed by an ion
doping process using diborane (B,Hy) (Fig. 7A). In the third doping processing, the

20 semiconductor layers forming n-channel type TFTs are covered by the masks 445a
to 445c comprising resists. Although the impurity regions 446 and 447 are added
with phosphorus at concentrations different from each other by the first doping
processing and the second doping process, in any of the regions, by carrying out the
doping processing such that the concentration of the impurity element for providing

25 p-type falls in a range of 2 x 10”° through 2 x 10*! atoms/cm’, the impurity regions

function as source regions and drain regions of p-channel type TFTs and
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el enents added to the respective sem conductor layers . The activating step
is carried out by a thermal annealing process using a furnace annealing
furnace, a RTA process, a | aser annealing process and the like. The

i ng an gy geRHbnath 17 3PIaK 'Eéﬁé%rdg "It o 5@@%%%%%%% e
t r )
e ZLZEl af? VZ@C‘“%B@ et Shat Y ol e ﬂﬁaaahangzﬁa%ﬁt : ﬁﬁﬁ; the
e C 1.S [ )
The acti varron o odLeFd e Ul matfise By B nRte Pty dE0%et for 4

hour s. Furt t. £ nt may be carrled out prior to formng the
first 25 |E§ )e{gggﬁ&ﬁﬁsgﬁ[ﬁ%& film However, when a wiring materlal used

weak st heat l.e to;¢ out .t he heat tre ter
:‘ gr i ng,5at he T}%é El}pa‘f{f&y e ﬁgﬁﬁ %? f(ﬁrgm%%atfati‘f%‘?sé}eﬁ'ﬂﬁ %ﬁlﬁﬁn‘#ﬁt @Yﬁa
conponent | I exanple, silicon nitride film or protectlng
Wi mjngs as a?:g&g ﬁfleg&{b g%%nt Further, there is carried out a step of

300 10 550C T of % ArbigR P Rb it P e BEV‘@%%%‘E&-%&Q%?% SheFHiE ng
ot erl ayer el é%f?ﬁaosﬁﬁl%ﬁﬁge‘is%tt%ﬁgé ke dréﬁ%‘?é'@%é' it bis formedby
i he %&é%ﬁlﬁéﬁ%iﬁf'ﬁﬁ@fé Gt g Denag : & T8 Gaftd o 20 S
b ot mokpndydsi ”S'Pﬂ%%%ﬂﬁ‘é’lg%‘rpﬁg%%jﬁ%%ﬁ%@? g@ah%‘?s%% SRor A
S o e R o Bl B AL,
There 15 1 %r%fgeg&f é@%@ ir.4f E&% Hltrfrl'ri{fhsr‘ﬁ%a % oy o ok Qgie fsatﬁe"%ﬁ%éra”ﬁﬁt |
there is used hav SCOoS 1000 c pref erably,
40 t hrough %B‘“&B QFB r WSP t % ‘r‘é‘nér? lqogclggg@g Ué?d as diHI% e
' layer or a Iammated structure.
15 Next, as shown by Fig. 7B, there is carried out a step of activating the impurity
elements added to the respective semiconductor 1ayer§. The activating step is
carried out by a thermal annealing process using a furnace annealing furnace, a
RTA process, a laser annealing process and the like. The thermal annealing process

may be carried out in a nitrogen atmosphere having an oxygen concentration equal

R

20 to or smaller than 1 ppm, preferably, equal to or smaller than 0.1 ppm at 400
through 700°C, representatively, 500 through 550°C. As a laser annealing method,
the second harmonic of YAG laser énd the like éan be used. In this embodiment,
the activation processing is carried out by a heat treatment at 550°C for 4 hours.

Further, the heat treatment may be carried out prior to forming the first

25 interlayer insulating film. However, when a wiring material used is weak at heat, it

is preferable to carry out the heat treatment after forming the interlayer insulating
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thereof. In this enbodi rfent', in order to prevent the mrror reflection,
projection and recess portions are fornmed on the surfaces of the pixe

el ectrodes by formng the second interlayer insulating filmwth -
proj ection d. SS rtions _on the surface., 20 so, in order to attain
| i ght scat t%‘rq} %%&{é%%?%gﬁgﬂ@ﬁ E?J‘B]S/an&?‘?ﬁeﬁﬁ“tﬂléc%’gﬁ!"é‘é’ﬁl‘%iﬂeaﬂémnr@é% &
portions o surfaces of .the pixgel electrodes, projection portions may
be fornedq}l}r%g?%rgPBOﬁgcwBWQQSI@SW%@IS eg}@@ﬂmﬁﬂ%s. In this case, since the
sane photorraskFigr}eus din the formation of .the TFTs, the projection
portions can bé ‘forfe Brigited PHER %I hvdrRgcharine tho sepicopduges fayrpt e

that the pnQjection poriion may be 2 ui pr.oyi ded in the pixel

porti on re&¢§%@%%?tqh?a§tﬁ@t&heﬁt ﬁbgoémjgﬁﬁ{gfy et t\ﬁﬁ@%ﬁ} bﬂh@\ﬁér thsestep
substrate. .Thu t rojection and,recess .portions _are formed on 37 the
surfac esSeofIS ¢ hsié% iog EFR@IH@PP% dﬁ’é‘ﬁﬁﬁg ch’?&%t (Plétl'}?r Hreicendirctan davies dyshydsegen ons
formed on.the.surface.of.the insulating.fil vering the projection

porti on. A|11§cg}1d8&' £ ﬁf‘ﬁ st Wt@rﬁ%yer &, aéﬁlg%d’fnf %‘{n]e Qﬁ]ﬂ?s%lcﬁ§gﬂc@§ ?&Yﬁécﬁreb@) nd
interlayer y_ ijnsul ati film462. In this _.case, after the formation of the
pi xel el eptl}ygﬁ%gfpateéi]gfﬁp_@%tﬂ‘i’eoﬁf sHigenge o §ﬁ%§’ﬁq lélﬁ%fﬁ%‘ieé ingHarne Ghnt nas
et chi g THEFHBEATE b4 TEPREat e (heff B PErIAEEE] 6H: FLapHobemoem ez
reflection |li.ght, is scattered, vvhf'teness s preferably increased. Then, in
a driver ci(Pﬁlﬂgthﬁggge%%Fﬁﬁ‘g breglap@akemdidebes EERIYLROAMEE aemodnhisre 10
the respective,i ri egiions are formed._ Note that those wirings are

(t yr med ’3@ %é{i@‘é}o%%aéo%ﬁhﬁf@&% 3t 30\ tor439°Gi for il |thyeuabhl Ahewtsm t hi ckness
of 50 nm and ag,all film(alloy fiI,moL’WAl_and Ti) with a filmthickness
of 500 nun. Nei\aq’@'s&/% 15 Plefirﬁese':@rlﬁgnéer puisylasingfilay #67 somprisimgean

structure can be, useq without the limtatjon of the double structure. The
material of PYHEARIGINTWatIBE Mmatehial o ap eraamic isulaFiag TRateriakon thediraripraslayat r i ngs

can be forned,b tterni the | aminated fil mconposed of Al,
msulat}/né) B Eé Y this embodiment, there is ormgg a acrylic resin film having

film thickness of 1.6 um and there is used a film having a viscosity of 10 to 1000 cp,

15  preferably, 40 through 200 cp and formed with projéctions and recesses at a surface

thereof.

In this embodiment, in order to prevent the mirror reflection, projection and

recess portions are formed on the surfaces of the pixel electrodes by forming the

R—

second interlayer insulating film with projection and recess portions on the surface.
20 Also, in order to attain light scattering characteristics by forming the projection and
recess portions on the surfaces of the pixel electrodes, projection portions may be
formed in regions below the pixel electrodes. In this case, since the same photomask
is used in the formation of the TFTs, the projection portions can be formed without
increasing the number of processes. Note that the projection portion may be
25  suitably provided in the pixel portion region except for the wirings and the TFT
portion over the substrate. Thus, the projection and recess portions are formed on
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Cu and further ‘Ti filmare forned on TaN film Also, in a pixel portion
507, a pixel electrode 470, a gate wiring 469, and a connection el ectrode
468 are formed (Fig. 7C). By this connection electrode 468, an electrical

connecti on t rce;wiring 436 (lamnation |ayer of the 20 inpurity
regi on 436a&gﬁwtgﬁ%saqfiscﬁgPl%é%ﬁﬁpﬁ%ﬁpﬁéEﬁe E‘é:@%c)u%ﬁi‘%ty‘ﬁéeséip%‘llomﬁg“& is
formed. Al S&La@@ (—;;_erct rfi ﬁal. connectq on between the gate wiring 469 and the
gate el ectTode Sf ANe SR B UTERS Y} 6OYREHE WRERICICEERR POTHANt he pi xel

el ectrode 470, o elfelct_ri. al cll(%nn]%ati o&with he drain region 426a of the
pi xel TET 504 anttOaf ME} Fif thealevelsh Rugtacs may PR Userb as ah¢ & éeriaveyer
406 whi ch f.ungti.ons.@s e of 25 electrodes for formng a storage capacitor
are formed." F'tdahggd{él r‘% 'tﬁ%tt ﬁaasf:efiftﬂ tﬁﬁé@?‘ﬂ@“@ H{Bgfherléﬁﬂeéﬁ:vpd% such
as a filmcontainin or Ag as its in,constituent, 38 or a |am nation
filmthet edfIGEO0TY FH5E5% Rgrtkﬂ@?éj}re PERE] S@ethermirtae g th aHaogesswsIEH r cui t

o-channel  Gep Bieshod Sk ook cndblat metpdoner s mwehod nER . RBIce br i on
over the SAEPRRID s oL DI eBtockaul e eg fen Bt A Haters whuapSBfaTeterahly
conpl eted. .The n-channe | type TFT 561 of the driver circuit 506 has a
channel forlﬂfﬁsecﬁegi on 423c, a |ow concentration inpurity region (GOLD
2 Bort) on- of ¢ NEPHAID et gBic T WEOnE fh Gk (EhekRmIaSaTPapuRLTSh
pyenannl S SEPoRHYe SBPUNGr i e OMSE: ONkeber Hyosc COHRECHEAGIFE Ayt ho.
Fegi on 446 NIRRT a1 BRORA b Lhn a6 SR eRiska st S0 e ehéan gHOE
The. 15 souft: 3 ARGt b AT RITHiF agiBribicksss o ARk NEgies TPTE0b has 2
channel single structure or triple or more structure can be used without the Hmitation of the
double structure. The material of wiring is not limited to the Al and Ti. For
15 example, wirings can be formed by patterning the laminated film composed of Al
Cu and further Ti film are formed on TaN film.
Also, in a pixel portion 507, a pixel electrode 470, a gate wiring 469, and a
connection electrode 468 are formed (Fig. 7C). By this connection electrode 468,
) an electrical connection between a source wiring 436 (lamination layer of the
20 impurity region 436a and the first conductive layer 436b) and the pixel TFT 504 is
formed. Also, an electrical connection betweén the gate wiring 469 and the gate
electrode of the pixel TFT is formed. With respect to the pixel electrode 470, an
electrical connection with the drain region 426a of the pixel TFT 504 and an
electrical connection with the semiconductor layer 406 which functions as one of
25 electrodes for forming a storage capacitor are formed. It is desired that a material

having a high reflectivity, such as a film containing Al or Ag as its main constituent,
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form ng region 425c, a | ow concentration inpurity region 425b (GOLD regi on)
overlapping with the first conductive |ayer 430a conprising a part of the
Pte electrode, and a high concentration inpurity region 425a which

functions as_the. sourge region, or t rai.n region The pi xel TFT 504
of the pix&f a&%‘?‘iff%%?“s@?* F%%F%@éssus&d?ﬁ’éﬂﬁeﬂnx?]cfﬁ%tﬁfﬁkr ‘on 426¢c, a low
concentration kfpurity,r.egion 42 LLDD reglpo fornme utside the gate

el ectr ode, and%’ #f%ﬂ“&%%‘é?w gﬂp&?"il%ﬂ%hf@$ é@ﬁCBﬁdﬁ%@E&rP@ by 8Ritig as a
source regipn or r.aLn r.egi on. Besi ~1 MpuUrity_ elenents_inpartin
p-type coﬁgﬁl‘&‘?‘?lvﬁ’g 5@#@“&&%’&%@“&%&%@3@?&W@ﬁ?@@lﬁdﬁ%ﬂ"gﬁp P@yeansl 4472
and 447b 25 functioning one of th odes of the storage capacitor
505. The &&nPES HBH{%}S@%YIM@?PWFW&L[G g%éﬂfwsf%ﬂﬁ%éaﬁmﬁ V cehdwent .
The storsagg) 39 aeaciltlor 505 i,s for rregéfrom he el ectrode 438 (a | am nation
of 438a”an IE‘%P ghdbe sames sthstiareucO6ra 118§lh stheaaerive gy bisiare e

i nsul ati ng filﬂ%4 4 as a dielectric nmenber. Further, in the pixel
structure 6P™PHi%€%enbodi ment, an end portion of the pixel 5 electrode is

fornmed by arranging jt sq as over | fth the source wiring so that the
gap between th irkéi"a%‘il WP%@E? %lgl %ﬁi%é\lgd‘é’éf 24500 59@&?@5 aichhpuel fosning a
bl ack matri x. A%%op view of the pixel portion _of the active matrix
substrate KR A4¢4RdavicAnCenratihispp i Regips (Shdvia regiom) 43 teovensppinchat |
the same reference nunerals are 10 used to indicate parts corresponding
Figs. 4A t¥itchergconduciiee Eww‘f?rﬁamogét.lmmgt@m@tm@f tlesgrondlsctiode, and
sectional view taken along the Iine A-A’in Fig, 8  Also, a dash |ine

‘ByB i nnlgi g§.hlévaC@WeP@%wwﬁme%n&Zéé@ﬂilféhéancmp@ws& Hesspusgoregiarher | i ne

B-B'in Fig., 8.. This enbodi nent ,can be perforned by freely conbining with
the enbod?ﬁ%fiéaml@g?nt o lde p-channel typg TFT 502 fon){ling the %MOS circuigt by

connecting with the n-channel type TFT 501 through an electrode 466 has a
channel forming region 446d, an impurity region 446b and 446¢ formed outside the
gate electrode, and a high concentration impurity region 446a which function as the

15 source region or the drain region. The n-channel type TFT 503 has a channel
forming region 425c¢, a low concentration impurity region 425b (GOLD region)
overlapping with the first conductive layer 430a comprising a part of the gate
electrode, and a high concentration impurity region 425a which functions as the

f? source region or the drain region.

20 The pixel TFT 504 of the pixel portion 507 includes a channel forming region
426c, a low concentration impurity region 426b (LDD region) formed outside the
gate electrode, and the high concentration impurity region 426a functioﬁing as a
source region or a drain region. Besides, impurity elements imparting p-type
conductivity are added to the respective semiconductor layers 447a and 447b

25 functioning as one of the electrodes of the storage capacitor 505. The
semiconductor layer 447 is not added with the impurity element. The storage
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[ Enbodi nent 8] In this enbodiment, an explanation will be given as follows
of steps of fabricating a reflection type Iiquid crystal display device
fromthe active matrix substrate fabricated in Enbodinent 7. Fig. 9 is

used in the_ explanation. 20, First, |n accordance w-th the enbodi nent 7,
there is pr%afﬁaggfif?%‘sz%w%go FRXECER §ﬁﬁg?%quwnﬂﬁén§fﬁ%iaiﬁﬁ8@_) and and
thereafter, ;an al.ignpent film 567 is _forned above the active matrix
substrate o?hel'—%e&?mw%?r Iaég%tdf‘}gBGQ &4 pasisietae nsllaing Paeddvos aditlectriabbi ng
processi n( ig carried out. Further, in this enbodinent, before formng
the ali gnrreﬁf’mfﬁqeﬁ n 567, by patterning an organic resin fi I(rjnsucg as 23 an
acrylic resinfilm. spacers in a colu r. shape 572 areforrre_ at desire
_ pos%/ti ons 40 iri: Grhe 1 g"eriﬁi" SIS UHS %ﬂ@ﬁmdb@@%enesdbsmcmdﬁhe_lfﬁmflher,
in place_of ,the spacers ,in the columar shape, spacers in a.spherica
shage ma§l -b@e%ré%i{)’é Fanesl kot arsaneing jtpe as TFCB@@TQP Wiﬂet}mﬁbstqeamieingISthat thn I
opposed substrate 569 is prepared. Successively, there are fornme 5 col or
I gger s 570 @r?dﬁgtﬂee&ngl%P}Wg@fﬁ%dﬁﬁ limsbirddedafiomy bighs widiaditngsiporat blanki s
formed by overl apping the color layer 570 of red color and the col or |ayer
572 of blue™8¥Pbr. Further, the |ight shielding portion matyI be }‘or med ]E)y
over |l appi ng portions, of color layer of red color and a color layer o
green E(F;I' o?. IOI ttﬁi’é’l‘%‘h%‘%é‘?rp@?ﬂl pottir ef ihe a@@@dmahexsuhmsnartamnsfwﬁmeﬁ_rin I
Enbodi nent 7. 10 Therefore, in Fig. 8 show ng the top view of the pixe
portion of téﬁ%%@gﬁgmem,ls S OWnéﬂrFég-e%sme thats Wpebamateferast rangaplshet ween
the gate wri 469 and the pixel electrode 470, a gap bet ween t_he gate
Wi ﬁg‘ 9 %%ﬁa%@ igiSriwets respendingdigsd 68 toaffd. A Jagh Im&ﬁahml:rngs.dm t
‘connection electrode 468 and the pixel electrode 470. In this enbodiment,
the res pect‘]ovféf EOTIBPANES &P @ seF o] rviewy sakenudhng hhe htlhé’vlzé} ghtFidB. shisel di ngb
ortions constituted by |lamnating the color |ayers overlap positions to be
g hi el ded a S%‘Ik@e;bgo@e%g%J@S‘éqgtjéoff@m}i@é@laﬁwmwbvww taken along the line

B-B’ in Fig. 8.
This embodiment can be performed by freely combining with the embodiments

15 1ltoé.

[Embodiment 8]
In this embodiment, an explanation will be given as follows of steps of
) fabricating a reflection type liquid crystal display device from the active matrix
substrate fabricated in Embodiment 7. Fig. 9 is used in the explanation.

20 First, in accordance with the embodiment 7, there is provided the active
matrix substrate in the state of Fig. 7C and thereafter, an aligﬁment film 567 is
formed above the active matrix substrate of Fig. 7C, at least above the pixel
electrode 470 and a rubbing processing is carried out. Further, in this embodiment,
before forming the alignment film 567, by patterning an organic resin film such as

25  anacrylic resin film, spacers in a columnar shape 572 are formed at desired positions
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A nunber of steps can be reduced by shielding the gaps anong the respective
pi xel s by the light shielding portions constituted by | am nating the color
|l ayers in this way without form ng light shielding |ayers such as bl ack

masks. d. Iec ode 576, constituted by a tr spar ent
conduct i vell\lﬁzsfderttg?n %ggn LE?WQHSHBSWFF% %’F@h% iz} léla‘s"to d0eSPRCCSS xel
portion, gh (?(;m& rrﬁlm574 |sfo 1o er an ntlref ce of the
opposed substrate and. ther Eﬁ)arﬁeﬁgmﬁr%’ E’él%ﬁ‘ ﬁéap%ma{,’z EAFEdcSHOVeryn eREre t he
active matrfA t‘ﬁ%f{%ﬁ%‘g e formed with the pixel portion and the 25 drive

circuit, an &a& substrate are pasted t oget her by seal nenber 568.

The seal menbetr[ﬂ]e is )gn 9Iers g ghe two substrates are
pasted 41 toge %Rogp?ﬁ? S ?ﬁr‘i“ﬁt Vi3 PTERREE D Heessively, the pire fameechnd

col umarg sh erval between the two

subst r ares &g)? EH] gsif@da%g tﬁ?hﬂg Eﬁ'@/é? gt Anlﬁbélsh’é ding 5OH} is formed
conpl et el y seal ) t ustr A well-known |iquid
crystal gPl é glée f@%ﬁl’g thét%f(}F‘iiéiG{% 38451%% &P lomtaver » &t oBse cslarn t hi s
.Wi‘y’ffﬂ.esLE gt Bk B e iy e Meake e sstiog o olone
opposed supstra be.di vided into a desired shape. Further, a

pol ari zer (M6t Of’feldufgﬁ%!ra?%? CPE) E%S?Fé’égrece@%ﬁ%f the opposed substrate.
Further, FPC |s Qgstedb%:ger eto usi ng | 1 - known technol o%@ 10 The
liquid crystal Hkﬂmrr ¢ an et £ e subsirafaphown weLwbedimendi'spl ay
,portl o] vard ous t C paratus. This epbodi nent can be perforned
‘by fregﬁy @ fenbn En‘g:% %%g‘d‘i%‘ﬂ?‘g Oftlt‘%l?lxer B prgrnbodimient i it hi s

errbodl ment, the manufagt yri ng gocess of an gctive matrix I|qU|d crystal
di splay debi RESHFERC S ff dpashia B3R REEHRED The EMBoNiTHENtOB andomet piaehct i ve

electrode 470, a gap between the gate wiring 469 and the connection electrode 468
and a gap between the connection electrode 468 and the pixel electrode 470. In
this embodiment, the respective color layers are arranged such that the light

15  shielding portions constituted by laminating the color layers overlap positions to be
shielded and the opposed substrate is pasted thereto.

A number of steps can be reduced by shielding the gaps among the respective
pixels by the light shielding portions constituted by laminating the color layers in
) this way without forming light shielding layers such as black masks.

20 Next, the opposed electrode 576 constituted by a transparent conductive film
is formed on the leveling film 573 at least at the pixel portion, an alignment film 574 .
is formed over an entire face of the opposed substrate and the rubbing processing is
carried out.

- Further, the active matrix substrate formed with the pixel portion and the

25 drive circuit, and the opposed substrate are pasted together by seal member 568.
The seal member 568 is mixed with fillers, and the two substrates are pasted
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matri x substrate manufactured in Enbodinment 7 is described below Fig. 10

is used for explanation. First, in accordance with Enbodi nent 7, the

active matrix substrate in a state 20 shown in Fig. 7C is obtained, and
or med ,on actiye matrix

t hereafter, Lignment, film 1067 4 s t

substrate OEO%EF%I "gﬁgﬁanpsmﬁfb’ﬁgEgi‘%r&{)?%"eﬁnrkﬁ}bgf%g‘ﬁfﬁs soluenrar shapst , in
t hi s enbodi gen fore the formation of the alignnent film 1067, a

col utmar sp c(e:érsfgﬁef‘fﬁ%ﬁf’éﬁﬁpﬁﬁt‘?ibﬁﬁ“ﬁ&%é\‘foﬁﬁ S F’é%"é@éiwét}?fblll%d at a
desired positipn . ernj ng_an ,organi sin filmsuch gs an acrylic
resin fil m%ﬁfﬂ@?&”@?@ }Sccﬁmglﬁﬁegﬁéﬁ%aﬁ‘?ég?r Becdicagengipat gﬁlsﬁfﬁéidéntf?\re
surface of t substirat.e in place of 42 the | umar spacer. Next, an
opposi ng su‘%@f’}‘&?&’%%é & SbﬁéB%ﬁeé’&ItheH@e gﬁo@eﬂ@%ﬁﬁﬁl@éﬂ‘éﬂmm@]@ﬁ't her e
are for ngsd Iiln ol ored lal),éﬁrg 1074, a,.light sh'g,l ing |layer 1075 and col or
filters arr HVRE Dol R baes Cé%ﬁé’c SRy pPR&(agUs spyhar Fig: Pels
driver cir&ui.t 5 q.prtion is al so p{}ovi ded with i ght shiel diBg | ayer

1077. A | evBHhR: S pher gRrngeessany, §¢ aeiiva Bak i aubsEne s shepopesedsnbsteaia t he
i ght shielding l.ayer,1077., Next,. in the  pixel, portjon _an oppgsing

el ectrode 1IB%‘§g? @‘%&‘?@’r’é‘&ofar‘jﬁrﬁrﬁéﬁ}ﬂ% JEhn, & BRlasises (et ifystrates is pasted

| eveling film 1076, an alignnment £Li Itgl 18%%;1 S forrrgd on . the entire surface
of the oppdSi Y EifhRBosed s te.o hurther Gibih: B@astsddbemsso by usipaavedt baown o

t her eon. Th'eirgl,tmtlhe active matri x substrate on which a pixel portion and a

driver circtft™® 9% formed is stuck with the opposing substrate by a
sealing,apnt 1 1. Afiller.is mxed_.in the sealing agent 107 1, and the
t sub%‘?r at es f‘ehg‘t“éc%fw[ Hiselay Pageh@bricaged ia tisepaheniabemsebanligalsy by
this filler_and thﬁ col urrrllar spacer. Thereafter, a 15 liquid crystal
mat eri al 1FP3UPES PhyHWE S et M APBBIA S he substrates to encapsul ate the
substrates co et el y an encapsul ant (not shown). A known Iiquid crystal
mat eri al may gre)i- @%%’&%ng’?% PpRGPgrieryped é‘)[ g@ﬁi‘f evaningwsh trpembodivecnist i ve
matri x

Lto7.

[Embodiment 9]

15 In this embodiment, the manufacturing process of an active matrix liquid
crystal display device which is different from that in Fmbodiment 8 from the active
matrix substrate manufactured in Embodiment 7 is described below. Fig. 101s used

} for explanation.
First, in accordance with Embodiment 7, the active matrix substrate in a state

20 shownin Fig. 7C is obtained, and thereafter, an alignment film 1067 is formed on
the active matrix substrate of Fig. 7C, and is subjected to a rubbing process. Note
that, in this embodiment, before the formation of the alienment film 1067, a
columnar spacer for rna_intaining a gap between the substrates is formed at a desired
position by patterning an organic resin film such as an acrylic resin film. Further,

25  spherical spacers may be scattered on the entire surface of the substrate in place of
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liquid crystal display device shown in Fig. 10 is conpleted. Then, if
necessary, the active matrix substrate and the opposing substrate are
parted into desired shapes. 20 In addition, by using a known technique, a
pol ari zing_pl ate_or the |like nmay be suitably provided. Then, an FPC.is
stuck with® %8p@ﬂB§FPB?§ﬁusing a known technique. The liquid crystal

di spl ay panel tained in this,way c be used as di splay  portion of
various el ect r%x& ﬂ%\ﬂpggglﬁgfgbqtﬁgtg %o’éi%mregaréﬁethﬁé?ﬁ%ﬂﬁ'ﬁcﬁub?tfﬁﬂeel y
conbi ni ng W he e dinments, 1.to 7 [ Enbodi nent 10] In_ this -
enbodi ment %{ﬁr ditFs ST RERITR Olased bl 107P b Pl de da 1035 ondppkes | s

di fferent ELtomthat %n t he substrate nmanufactur eg ﬁﬁgordi rﬁg@r%gv Enbodi nent 7
will  be dBSER BLPERTLOTESPPRhIO Ehe TaSPoR HeRiels. datitlioact ACHESHHI ng t o

the present 5.invention wil] be described, rein,_.a display panel in which
li ght eﬁi tPPHQJ%}S@E-%P?Vﬁ%ing %ﬁgmq@léa%ﬁ&%@@ﬁe Areeging Hre l0Heisneen
the substrate.and a coverin nmber, . and g displ.ay nodule _forned b
nount i ng aﬁrqu& [q fvggit 5|C§kprg§§¢éﬁ ang &ed]é&m S%‘&%%I@qué@g? r S¥EXCoinahet he
light emtting device. Incidentally, the [ight emtting elenent conprises
a light enPP‘F?Raftr%%? OpBRtag ﬁfeﬁfgmé% 1@@5&#@&%@2@@&ﬁdrz\mp@%nn_eomthe
el ectrol un.pescence. by application of an elecirical field, an anode |ayer,
and a cat &4 g?f%llf?"ydliﬁé rfjgma?@év@ ’é‘lﬂ}t@e%‘f gtfﬁeme?pe‘é tipanedhionetheeertéte
emtted from. organjc conpounds: one is fluorescence and the other is
phosphores@gﬁgﬁ.g?ﬁhﬁo? gﬁkégm%“ﬁ¢gmﬁgeﬁmgsﬂoﬂl Hut PRk §s wpsdueetlur n of
.glectrgas-to their ground state fromtheir singlet excited state, and
ipbosph es €€ s light emission that 15 occurs upon return of el ectrons
fo their groung,staﬁf fromtheir triplet excited state. Here, the
cl ect r ol umi nesd@RBetheastiye snatyxsubsieate ghavhdeh peabiel pypen w1d a dvericgieuic
em ssion desc ibeg_above._ '
are formed is stuck with the opposing substrate by a sealing agent 1071. A filler is

mixed in the sealing agent 1071, and the two substrates are stuck with each other

“while keeping a uniform gap by this filler and the columnar spacer. Thereafter, a

15 liguid crystal material 1073 is injected between both the substrates to encapmlaté
the substrates completely by an encapsulant (not shown). A known liquid crystal
material may be used as the liquid crystal material 1073. Thus, the active matrix
liquid crystal display device shown in Fig. 10 is completed. Then, if necessary, the

y active matrix substrate and the opposing substrate are parted into desired shapes.

20 In addirion, by using a known technique, a polarizing plate or the like may be
suitably provided. Then, an FPC is stuck with the substrate using a known
technique.

The liquid crystal display panel obtained in this way can be used as a display
portion of various electronic devices.

25 ‘This embodiment can be performed by freely combining with the embodiments

lwo7.
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A driver circuit 605 conprising an n-channel TFT 601 and a p-channet TFT
602 and a pixel portion 606 conprising a swtching TFT 603 and a current

20 controlling TFT 604 are forned on an active matri x substrate '
iIIustratei in Eig. 1} These TFTs are manufactured by first formng a base
filme611l i EFﬁHFmge%ﬁ Ok and 611b over a substrate 610 and t hen provi di ng
a channel form.ng regio source region, a drain region, an LDD region

) , a . _
and the Iike. i HPBNIS EFADOUHERES B AF ey ati BsERE (Fusbichithestucrure ol T
sem conductoy. .l ayer. is formed according to the present invention, as in
Enbodi ment & 1ff]??%’6ﬁ@ﬁl that gp t}%‘a%@sgﬁs‘cmﬁbwgétt@@awr@gg te Grbedinent’ ik e
i nsul ating,fi] mﬁqleéyr spectj%ely‘ forma |am nation_structure conprising
first condbedesined ohladms adiht sissmg devire aewABNEBh acTHing tajepEsERBh t 0
633b. They.are characterized jpn that the tips thereof are tapered. This
t aper ed rg"s h&b\éeqtgowﬁﬁ%ed{eéwﬁéfr Eiﬁrﬁarhg displayipagekin whigh lighmmeiiegelemenss By
t aki ng advant age of .the shape of a gate el ectrode forned by each etching
process, ig‘?ﬁ‘iﬁ‘? pasthsrabptricorra cawapsitlared hetwesn ¢ba dubstete laaglear covering
Speci fically, first _tclhi ng process is perforned to formfirst gate
el ect r odes "HHBRE: ﬂ"@éﬁéﬁ%ﬁ vemeddle fprmed dyapeentimhan [Canf thestispdoppang! preocess
is perforned.in a self-aligning manner using the first gate el ectrodes as
masks, t hecalsctilniaterr m@qqthe%ghé@mmmgrm@q Inpidantally, thedight endising  t he
second condtlcti ve |layer is selectively etched to formsecond gate
el ect r odes elomecyrAPHBsiANiglreseistng layer kentapeing ormerganisycanspound whidkaper ed
portions of the first conductive layer in the second gate electrodes to
f 2r m a Poncrurcdertraluminescapes by ypplsgrion of Thekectiival fickbansmodedayesrand of
the first condﬂcééve | ayer are partially etched to formthird gate
el ect rodes 2 thade i3es. pbhere arariwionweapf te tlacmolemiieseeraecdrotited from
simul taneously to forman insulating film 612 (612a-6120. Thereafter,
n- channel PrEEHiamPrpeupsiskdnepdt tfluonessercaraskle the wthperis ahnsphoteseahcdopi ng
process. Through this third doping process is forned an

Fluorescence is light emission that occurs upon return of electrons to their ground

state from their singlet excited state, and phosphorescence is light emission that
15 occurs upon return of electrons to their ground state from their triplet excited state.
Here, the electroluminescence refers to either one or both types of the light
emission described above.
A driver circuit 605 comprising an n-channel TFT 601 and a p-channel TFT
602 and a pixel portion 606 comprising a switching TFT 603 and a current
20 . controlling TFT 604 are formed on an active matrix substrate illustrated in Fig.
11.
These TFTs are manufactured by first forming a base film 611 including 611a
and 611b over a substrate 610 and then providing a channel forming region, a
source region, a drain region, an LDD region and the like in a semiconductor layer
25 on the base film 611. The semiconductor layer is formed according to the present
invention, as in Embodiments 1 through 7.
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inmpurity region doped wth an inpurity elenment that inparts a conductivity
type opposite to the above-nentioned conductivity type to the '
sem conductor |ayer that 20 beconmes an active |ayer for p-channel TFTs.
The LDD region fornmed by using the tapered portions of the second gate

el ectrodes in tatefelecstodes @dicoiodd foaped ohs gntounstdatirtofilimpi Dyvespedrevely
reliability of the n-channel TFT. Wth this arrangenent, deterioration of
an on- st at dogura lminaties simiche foooprisimp first avnilactiaf feets 628apioesdNnt ge | n
the LDD region, by using an ion 25 doping nethod, the ions of the inpurity
el enent ar éeewsbrenduaive layerheé28bewt 63 3b. f Tky are Themcrdrhed iinphini the gpenment
is introduced into the sem conductor filmthrough the 45 ends of the gate
el ect r odes thextof hee trpeeed. nSbisatapared sHapeiin farhedvbcpaifonmiof ctdtenendsenf the
gate electrodes. In this way, an LDD region 634 and a source or drain

regi on 639 three fimeseBy takinghdveutage dd thé shapehefrmed re fobicrione foeged by 67dh of
the n-channel TFT 601. A part 5 of the LDD region 634, which is Indicated
by ref er encechingpradess 3tipuricies by merbduwed itdathetsbmigaidicebelajerode 628 is
superposed over the part 634b. A region 634a is not overlapped with the

gate el ect rode Sgéificaihg pfichantehe TrdcesOR raforied tofarm fGonddrguteaticdes and
conprises a channel form ng region 657, LDD regions 656 and 657, and a

source or dvimisa reggictne 668s atentapbiesl. Fhadi kit dopig PE5dEss iof@feHnctlinda

_ single-gate structure. However, they may take on a doubl e-gate structure or
a tripl e- gelf-alighingahammer 1iFhe theifiroipangeTETodd3s hatsigdhefebaformmiahamagh TFT
takes on a nmulti-gate structure in order to reduce an off-state current.

A LDD Iegiconcé@Tati@8 imparidy 63idn). dhekea tlso wcvddotordfiatine g a8 s@diaile
provi ded on the outside of a channel 15 form ng region 674. In the current
control | i ngtcHed ®ddihoeemed @fte algtobdannalseddrid dbPRgHesi«ans tAeS paddr®&Y, and

a source or drain region 655 are provided on the outside of a channel

forning redyomsity 2he ltapereil sperabagioferdhi, filsheoadtt®nd layer in the second gate

electrodes to form a low concentration impurity region. Then, the tapered portions

of the first conductive layer are partially etched to form third gate electrodes. At

15 this point, an insulating film is also etched simultaneously to form an insulating film

612 (612a-612f). Thereafter, n-channel TFTs and the pixel portion are masked to

perform a third doping process. Through this third doping process is formed an

impurity region doped with an impurity element that imparts a conductivity type

opposite to the above-mentioned conc-:h-ictivity fype to the semiconductor layer that
20 becomes an active layer for p-channell TFTs.

The LDD region formed by using the tapered portions of the second gate
electrodes in the first conductive layer is provided to improve the reliability of the
n-channel TFT. With this arrangement, deterioration of an on-state current
resulting from a hot carrier effect is prevented. In the LDD region, by using an ion

25  doping method, the ions of the impurity element are accelerated in the electric field.

Then, the impurity element is introduced into the semiconductor film through. the
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control li ng TFT 604 takes on the single-gate structure. However, the
current controlling TFT 604 may take on the double-gate structure or the
triple-gate 20 structure. Interlayer insulating fllms conprise a first

econd 1 PRI ERG dlborF e PriTale Bbe Sniis BN Mool of e i ng

filme635 ig f an inorganic material such as silicon oxide, silicon
nitride, alesé)a}tg?fjeﬁg) >€If7f1| tride, and the second interlayer insulating film

25 f d |. at t I h I
ool yim am do, LAl B ThERISRAP 6T B 2 el Shigrain b ba brd i or
| at fif f | at t |
the sur act” o @Pﬁe bt c?rerw%? o'g%v#é‘?%ec?ra'@??ﬁ i ﬁm&;tﬁ%giﬁ%%@, he
di el t f I I t hat
par asi e Soghr DThES QS 63 ko™ Sih & (RAGEEEh rvh%ﬁle'g?%a%%%%%@ pEHSwever

organic resin materials have scopicity hat t are 5 n suited
for use as L%?%p'ih@f &% £ efI‘?‘ItFF?‘IIE IS&P %qps(,)seq ?Vtirst 15 Paf eAtrﬁ%IPntéQ’éIasecond

|nterlayer |nsula 6 n nation wi.ith the firs
interlayer® rICIJIs(II’I Pﬁ?fI I”“IRT&% IééI‘et@fém&Ihﬁ g%mPﬁaIsfF Fﬁé@izr@sat S
pr edet er m ned g ern.is farned, . and Ehen cont act hoI es that extend to the

source regiiOMsCHHIGURRLCM AN GOBYiTisRS a £ Rk foymming gegion 6 Péslglebt egions 656
sem conduct yers are for d Far ion of the contact, hgles i
per f or ned WIQI@ hPFHGCe PRE dpain seiag t5 o Itk gmbogimer tho 3 F arraﬁw@m s

‘useda h|n astof rst etc the second interlayer insulating film
6 f onffed? e R QPR may iy %ﬁnfcﬁm ubladagy sErelis 08 2as t he
et chi ng gas. oetchthe first interlayer insulating film#635. 15 Then, a

conduct i ve' F‘tefSItI‘IﬁtIlEe formed by sputtering or vacuum vapor deposition

oot e ek el o ol
structure in order to reduce an off-state current. An LDD region 637 (637a and
637b) and a source or drain region 642 are provided on the outside of a channel

15 forming region 674. In the current controlling TFT 604 formed of a p-channel TFT,
LDD regions 656 and 657, and a source or drain region 655 are provided on the
outside of a channel forming region 672. In this embodiment, the current
controlling TFT 604 takes on the single-gate structure. However, the current
controlling TFT 604 may take on the double-gate structure or the triple-gate

20 structure.

Interlayer insulatirtg films comprise a first interlayer insulating film 635 having

a thickness of 50 to 500 nm and a second interlayer insulating film 636. The first
interlayer insulating film 635 is formed of an inorganic material such as silicon
oxide, silicon nitride, or silicon oxynitride, and the second interlayer insulating film

25 is formed of an organic insulating material such as polyimide, acrylic, polyimiamide,
and BCB (benzocyclobutene). Forming the second interlayer insulating film of the
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Alight emtting device illustrated in Fig. 12 is manufactured by using the
active matrix substrate in Fig. 11. 20 The wiring 706 is source W ring
corresponding to a line for supplying a current to the current controlling
TFT. Ref er%nce.nurrerlal. 707 denot es, an el ectrﬁg}gs to be el eﬁctri cally

connect ed £oE3MhGE I ARE MALETRL 1y fhig mmaupReraligventhec gfacs) of vy fir thybe

super posi ng_i.t- ove he pix el ectrode 710, Incidentally, the pixel

el ectrode gi%sf?%foﬁfﬁfp&]é& p%‘ﬂrzfif%fr o?&éle{fggfs éﬁ@d@ekémq CeRTEAnD Hf eprzamic negsin

el ements) forned of, a transparent conductive film A conpound of indium

oxi de and {‘i‘%eﬂ%#eﬁelf?waS%g]ﬁ%fgﬁ%ﬁd)a&rsml%ﬁﬁﬂﬁtam%f @sFenigrndererelevitenaaroxi de,
tin 47 oxide, ‘ﬁ; idnri%um oxi de can he enplo i‘g for the transparent

conduct i ve PFIrFIHCCOATRYHETT ASRPIC IEHR Uﬂﬂﬁﬁ@% sphygeReRiciny o thatphdpped wi t h
gal I i um_may al s,o%{) used. The pi xgﬂl el ectrode 710 is fornmed on a flat

i nt er | ayer BORSHFH 108 ¢15¢ A arPrortecthin bme Mseordingly rigis prefratilp dantaboveccmde
formed. In this enpodjnent, it is extremely inportant 5 to use the flat
film711 f9MREarS: msulasmienfibe GG i Beadein wembinationdivithe rtha dlérst aneseldyéry
TFTs. Since a,light e 'éting | ayer to be formed later is very thin, the
level di f IS mes cause faulty light emission. Accordingly, it is
desirable to rformthis flattening process before the pixel electrode is
formed so as td PEreadieTs hEesist mawk hawingia prgdetsymmeadpaseernay fosthedsarid dtenas
possi ble. 10 After the wirings 701 to 707 are forned, a bank 712 is forned,
as illustr&PBect ﬁlertitgat eprend e thnsnvrya mginns asehe dramdegipnp frtrexdnimiean
insulating filmor an organic resin filmhaving a thickness of 100 to 400
n 21 and PonfePREM ssmnicepAuctsr darers mee Bamikedz 1 Formaten iof sk atantact holay icar e
shoul d be tagen t(g avoid the static danmage of elenents at the tinme of
formation BFTPHRCHRRKIY ¢iehing. slne@ﬁb@nsmmlxtuzﬁof hé&.i Qs unat Hags ficdmstamat
forms the bank 712 is ,dopedhw'bth carbon particles or nmetal particles to
reduce resFEHNG €35 1 fsstengh $hp peeansd mpedavesrinsulaving filist 616 foretedcot thi t v .

At this tinme, the doping amunt of the carbon particles or the netal
particles SHSMigresin material. Then, CF, and O, are used as the etching gas to etch the

first interlayer insulating film 635.

15 Then, a conductive metal film is formed by spurttering or vacuum vapor
deposition to form a resist mask pattern. Thereafter, wirings 701 to 707 are formed
by etching. In this way, an active matrix substrate can be formed.

A light emitting device illustrated in Fig. 12 is manufactured by using the
| active matrix substrate in Fig. 11.

20 The wiring 706 is source wiring corresponding to a line for supplying a current
to the current controlling TFT. Reference numeral 707 denotes an electrode to be
electrically connected to a pixel electrode 710 of the current controlling TFT by
superposing it over the pixel electrode 710.

Incidentallyl, the pixel electrode 710 is a pixel electrode (an anode for light

25 emitting elements) formed of a transparent conductive film. A compound of indium
oxide and tin oxide, a compound of indium oxide and zinc oxide, zinc oxide, tin
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be adjusted so that the resistivity beconmes 1 x 106 to 1 x 10°" Um
preferably from 1x 108 to Ix101Qm 20 Alight emtting |ayer 713 is
formed on the pixel electrode 710. Though the Ilayer for a single pixel is
illustrated i.n Filgﬁlé_}z, Ii%i;t emtting | ayers each corresponding to the
col ors of KXeqyr indiphy s ,C%&Jeaerpalqy@é tar ahe gransparap acadetsive ifilmt hi s
enbodi nment . ién thj s enbodi ment, a | qw nol ecul ar organic |light emtting
material | dyRFasvely, IBYSDRERHICOBE pordve filandommdericlh palliinymay fleo bé gt
emtting Iik(er 25,713 ia formed by lam nating a tris-8- quinolinolate
al um num ( Al pixebalsrade 7ilthis fhamed gna fatiintenleyer infulatng tilm A4 1 defirghhe
emtting |layer over a copper phthal ocyanine 48 (CuPc) filmhaving a
t hi ckness ofiripgs fgseribed abave ere fepmedi i/:gthiaymrbodmmu itonexiteraclyfimpormacent
pi gmsntnésuch as qui naf;ridone, perylene, or DCMI| enables control of a
|ight em t ttPrite sbt Bat filnnd | frerddanfar iesincoidistinateonhe levad difkaemteasmuséd by gani ¢
| i ght en‘iti&a rmstierials_ 5 that can be used for the light emtting |ayer,
and the preséht iJiventa bght emiving {aviet ¢d bet forniveks brremiserérgl ghin,THee Léwgit
emtting I%ﬁr, and a charge transporting layer or a charge injecting
| ayer may SIERBE nelctimes| qause fFWpnlight emfssioani Attomlingy,eit iudedrabdr rol i ght
em ssion and for causing carrier novenent necessary for the |ight em ssion.
In this enhsgoradhis fattaing pcesrbefers the pixel ddctrodd domastsoshes ellawtha
nol ecul ar 10 organic Jight emtting material is enployed for the |ight
emitting | aight cmittnglayeist ke formed @sdlay aepyssiigani ¢ 11 ght emitting
material, however, may also be used. Further, an inorganic material such
‘a3 silikbn car BMier denwiaings 70é ool ayre dorinoed, thenkchid gdotmed) spdiltstrged ayer
or the charge.i mecti ng layer. A well-known material can be used for these
organi c |i dghtFigni 4t Ihe benleril dimanbe fororaghby parretreng ah. indiHla tiby filmaorcat hode
714 conprising the conductive filmis provided on the light emtting |ayer
713. I'n t hioseanpaeNinditm, havinga oigknessof d00ab d@0mumaadd dnicaihingsilicon. used as
t he conductive film O course, a well-known M-Ag film which is an alloy
Since the bank 712 is an insulating film, care should be taken to avoid the

static damage of elements at the time of formation of the bank. In thisembodiment,

15  the insulating film that forms the bank 712 is doped with carbon particles or metal
particles to reduce resistivity, thereby suppressing generation of static electricity. At
this time, the doping amount of the carbon particles or the metal particles should
be adjusted so that the resistivity becomes 1 x 10° to 1 x 10" Qm, preferably from
1x10°to I x10°Qm.

20 A light emitting layer 713 is formed on the pixel electrode 710. Though the
layer for a single pixel is illustrated in Fig. ll 2, light emitting layers each
corresponding to the colors of R (red), G (green), and B (blue) are formed Separately
in this embodiment. In this embodiment, a low molecular organic light emitting
material layer is formed by vapor deposition. Specifically, the light emitting layer

25 713 is formed by laminating a tris-8-quinolinolate aluminum {(Alg;) complex film
having a thickness of 70 nm as a light emitting layer over a copper phthalocyanine
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filmof magnesium and silver, nmay al so be used. The conductive film nade
fromall elenent belonging to Goup | or Goup 2 of the peri.odic table or
t he conductive 20 filmdoped with these el enents shoul d be enpl oyed for
“form ng the.-cathode. Uponforjmatio of the cathode 714, a light emtting
el ement 71§CP C)cggﬁll‘@f"gtﬁa ﬂP—léE’g‘Fﬁﬁ,O?tleeﬂﬂm a5t helei injecHye duvere rdditienrdieer s t o
di odes tha%1 conprises the pixel electrode (anode) 7 10, light emtting
| ayer 7 13Tugrrgcen;pigeent such ag guingciadons mevdens wldeMié caablas sonmol o film
716 so as th, florrpl,et_ely cover the 25 light emtting elenent 715. An
i nsul at i ng@fighFEMHBIMER G a carbon film the silicon nitride film or the
silicon oxyrutrjide filmis used as the passivation film 716. A 49 single
| ayer of one ofl hempatsripisidgicrihedabaye ate examatbesaf peenislighoebiirtingatessds i | ms
is wused. Inthig case, it is preferable that a film providing good
coveragé i Ehafsan éJSF&EDY tEabghmxt@ng laver,mndithe prespariny ention isypoefihdotd ve t o
use a carbon film especially a DLC 5 (dianond-Ilike carbon) filmfor this
pur pose. THe theseanpterialse arﬁh%ilghb emadingnlager, apdpechirgs eranspryeingflayeooma
tenperature to 100'C or lower., Thus, the DLC filmcan be readily forned
even in a Fb#igEANIsBERE lavREMAY §hcombined fneely ay farna e lamittgnalayoased det
resi stance,, gurt her, the DLC filmhas a high blocking effect against
oxygen, sHghhemissiongend & cepsipearighnosaMent ngcdssgrmfords: kight dyeission.
suppressed, For this reason, 10 oxidation of the light emtting |ayer 713
during a sibskigeehodieant agleseupeas weanlitsetedpiosthermeiwhenr a sy madeadal ant
717 is provided over the passivation film 716, and a covering nenber 718
/i3 bondfd eeeanie light Paitingmatesial is employsdefor che dighe emawing lmmgr.bé bighd  f or
the sealant 717, and it is effective to provide therein a substance that
has the 15mefleasar Holupeorerigagicrighstamisting nprteviel hiomgver indait dlon beluset hi s
enbodi nent, the covering nenber 718 made by form ng carbon fil s,
pr ef er abl y Furibegisanipomanic matesialisoeh 86 biffson ovbiddorhales be hmplppdroatd: | ower
surfaces of a glass substrate, quartz

charge transporting layer or the charge injecting layer. A well-known marerial can

be used for these organic light emitting material and inorganic material.

15 Next, a cathode 714 comprising the conductive film is provided on the light
emitting layer 713. In this embodiment, an alloy film of aluminum and lithium is
used as the conductive film. Of course, a well-known Mg-Ag film, which is an alloy
film of magnesium and silver, may also be used. The conductive film made from an

| element belonging to Group 1 or Group 2 of the periodic table or the conductive

20 film doped with these elements should be employed for forming the cathode.

Upon formation of the cathode 714, a light emitting element 715 is completed.
Herein, the light emitting element 715 refers to diodes that comprises the pixel
electrode (anode) 710, light emitting layer 713, and cathode 714.

It is effective to provide a passivation film 716 so as to completely cover the

25 light emitting element 715. An insulating film including a carbon film, the silicon
nitride film, or the silicon oxynitride film is used as the passivation film 716. A
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substrate, or plastic substrate including a plastic filmis enployed. In
this way, the light emtting device having a structure such as illustrated
in 20 Fig. 12 is conpleted. Incidentally, after formation of the bank 712,
it is effective . to se a_nulti-chanber type filmform ng device or an
in-1ine typengls laver of onnef desd dlens ardamanatianudtsineddur dambmirerhpsoflessi ng
steps up to fqQrmation of the assivation filin 716, w thout exposure to
at nosphere.WFdrther, it is also possible to continuously performthe
processing steps up to affixing of the covering nenber 718 without 25
exposure to at sfglkﬁeqﬁé@, it i§ nrafesablayhatailom ponddingl 2oPR Tove H@L inmddeB82het he n
-channel switching TFT 50 603, and the n-channel current controlling TFT
604 are forknsgivatien filme I§isparrigulerly @foctiTeeo nsmbenrhoh fifas lespecalli a 81.Cn t he
manuf acturing process up to this point is less than that required for a
typi cal act(diamerdlikg qarbom) flm fon thgs gemiose. Ty Bl€p&binfdanabd forntedeirTET
manuf acturing process is substantially sinplified, 5 so that inprovenent

i n product WAMPEFEMERTaagE of whue tenaperaniretm UORYT or lowgrcbtss, thaDLBélm eahi zed.
Further, as described with reference to Figs. 11 and 12, the inpurity
region is BQsrigedidetornedrevendn ategiogathoveltbe lighdemisinguper fdSddvinves dwe
region through the insulating film Wth this arrangenent, an n-channel
TFT that i Seassesizramte. alyaither thoU&E i draati kigh bésiking effedtragainshexyiatn,
carrier effect can be forned. Therefore, a light emtting device with a

hi gh degr esoshatexidation of thedight smitting layed 13| cart i sipprdsect. ot thisaphgort, he
pixel portion_and the driver circuit are shown. However, according to the
{manuf actQr ioxidgsiacelsbedight hingttiogtaytir T8 during asibidquent s¢adinofpesesss aasbgnal
{ividing circuit, a D/A converter, an operational anplifier, a logic 15
circuit sudheeentady correction circuit can be formed on the sanme insul ator.
Furthér, a nenory and a m croprocessor can also be fornmed. A light

em tting devi céuateuyaicatantd 17 i soeidbd diverthte rabdiescidiilns @ a6 iand a(@vering

member 718 is bonded to the sealant 717. An ultraviolet curable resin may be used
for the sealant 717, and it is effective to provide therein a substance that has the
15 effect of absorbing moisture or preventing oxidation. In this embodiment, the
covering member 718 made by forming carbon films, preferably the diamond-like
carbon fﬂms, over both of the upper and lower surfaces of a glass substrate, quartz

substrate, or plastic substrate including a plastic film is employed.

-

) In this way, the light emitting device having a structure such as illustrated in
20 Fig. 12 is completed. Incidentally, after formation of the bank 712, it is effective to
use a multi-chamber type film forming device or an in-line type film forming device
to continuously perform the processing steps up to formation of the passivation film
716, without exposure to atmosphere. Further, it is also possible to continuously
perform the processing steps up to affixing of the covering member 718 without

25 exposure to atmosphere.
In this way, the n-channel TFTs 601 and 602, thé n-channel switching TFT
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encapsul ating) process for protecting the light emtting el ements has been
performed will be described with reference to Figs. 13A and 13B. Like parts
are 20 indicated by |like reference nunerals in Fig. 12, as necessary. Fig.

peen seal edC Aan g o PL o Sy TFT Ol wfRoad QTR B o

line C- C J 801 indj;,cated a.dotted |line denotes a
source dri v6e1r0' ﬁ%élﬁ?{%@r ?gﬁg&%ﬁg@wﬁ%@} © %gu%ﬁﬁ%m&’cﬁs@ OJGIRRBRE  and

f dri . C{. it. Refer. I
001" denot oo, NoeavEl g eaaner ot A FePRl Eute iRt b Reeea Tir s

i nber, I 3 denot .51 , eal,j |
venbor . A Scal AHERA LT oL T DA ARG e GLSR BRI HE PR st

i J |. 904 t MT i f ! itti :
S anal 5. b2 e ArefEh PR o IRS Qe (R A PRI PR ndb mliip ot €0t paser

circuit 80 r‘gg \@:ri ng 904 receives 5 a video signal and a cl ock signal
froma FPC (eerX|eb'e printed circuit) 905 that is an external input

termnal. Inci LIy, +tho ly.the FPC.is.illustrated in.this '
dr a}[/v![ ng, g pri %ﬁ@{ vrvl %SI dneﬁc’ﬂﬁ‘%]ﬁﬁgﬁ%f??fogfﬁgsaéééeﬁgﬁ ]’E“r‘ﬂt@;rﬁpl(‘fgﬁ’?és li ght
emtting rein.refers not only to the majn body of, [

em tting dg)é{;)g@egbﬁghébg%z eogqtﬁgaﬁmcﬁeelstsgpwgpé PHe Becegon Q‘F&Bt]il%
attached. A C -sectional structuye of | ight emtting device
will be deélgsrdl}%eélég ﬁ%‘lt W‘f‘@%@?&ﬁé&g‘%ﬁﬁ@? f!ré%’?mﬁﬂéf 1%16}& tgleﬁSiSF@éﬁ ag@%lsand
the gatg, drj.ver ci.rcuit.807.are, f.ormed. on the supstrat 0. The pi xel
porti onﬁ]80(§I #‘)’sn%r%%%&%’l%?g frRm oA e bra ﬁ‘@h’FfﬂFﬁe gleggﬁcareaa EEEF ality
of pixels ingcludi the.pixel ;electrode, 710 el ectrical connected to the
dr a!on of tﬁénmiétglggr g%flc%gﬁgt%r%ﬁ}ghncbfgﬁ—eﬁ%@@%g‘ﬂécﬂbg%rth 126 -%/ver circuit 807 is
formed by usin hCI\/DSEécd.rcuit Go ining the n-ccg nnel TFT 601 d the

p- channel TFT gﬂ% Crdp ”f[’(?nﬁic&V%PIX? BOTSOketn ﬁ&sl%‘%élrﬂ}ﬁ FEJEPVBns as

t he anode f the light. emtfing elenments. ,
FSwevit, acc%ramg to the manufacturing process of this embodiment, in addition

to these, a signal dividing circuit, a D/A converter, an operational amplifier, a logic
15 circuit such as a vy correction circuit can be formed on. the same insulator. Further,
a memory and a microprocessor can also be formed.

A light emitting device according to this embodiment after the sealing (or

encapsulating) process for protecting the light emitting elements has been

3 performed will be described with reference to Figs. 13A and 13B. Like parts are
20  indicated by like reference numerals in Fig. 12, as necessary. .

Fig. 13A is a top view showing a state where the light emitting element has

been sealed, and Fig. 13B is a cross-sectional view of Fig. 13A through a line C- C'.

Reference numeral 801 indicated by a dotted line denotes a source driver circuir,

reference numeral 806 denotes a pixel portion, and reference numeral 807 denotes

25 agate driver circuit. Reference numeral 901 denotes a covering member, reference

numeral 902 denotes a first sealing member, and reference numeral 903 denotes a
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The banks 712 are fornmed on both sides of the pixel electrode 710. The
light emtting layer 713 and the cathode 714 for the light emtting

el enents are forned 20 on the picture electrode 710. The cat hode 714 al so
functions as tr{}i wiring common to all the pixels, and is electrically
connect ed Secansbseativegoemben ArsealeonR¢ts provided ingideaa. ared knclosed It dnent s
contained in the pixel portion 806 and the gate driver circuit 807 are
covered wi tfistsgaliogmenther P04. and t he passivation film 716. 25 The covering
menber 901 is bonded by the first sealing nenber 902. Spacers forned of a
resin film may Feferenpenpimgval 3¢ devotes wiving e ransspatnqgsipetwe de stipelia?
-covering nmenber 901 and the light emtting element. Then, the area inside
the first teeapiig dﬁé]ﬁbeircgiﬂbﬁo%snﬂiaIgae@dmiferrcimui{é’éﬁamhe%ﬁ‘ing%hecabésy, an
epoxy resin is used for the first sealing nenber 902 and t he seal ant 907.
Furt her 5 prefideatigyal ande: ¢loek signaldadind R fiberble@zinitsd EpcuieD0sf chac tatrer i al
that is perneable to water and oxygen 5 as nmuch as possible. Still further,
a subst anceéxtdraal gt tthemist.e bcidénmbly prhziugh. ondpithe HRE o il psexedt inngis

oxi dation may be contained in the seal ant 907. The seal ant 907 provided to
cover the Idrgwingenmiprinted velriegdrard|(B¥ Bunctyi lenstradsedaty ddhERCY € otighondi ng
t he covering nenber 901. In this enbodinent, FRP (fiberglass-reinforced

pl astics), eRiRigpddwies ngreirf tefios ndepnlyMplthe mainbpéds bEthe l@hraatitinigcdevi@ can

be enployed for a material of the cavering nenber 901. After the covering
mermber 901 bus abortdetie dsiing to hehiske ahabPCOR thet W Bsisaonadhedeal i ng menber 903
i.s provided to cover the sides (exposed surface) of the sealant 907. As a
Qt eriall for tMhéeseronds-sealdnabsmertier sf B@ight beisaweiovidearillde dsctithat  f or
“the first sealing menber 902 can be enployed. 15 Encapsul ation of the |ight
em tting emdrereference heFigehl RnTh@p&elpomion 86 ardrthngerrlitvedesenir B6@ aabove
allows the light emtting elenent to be conpletely blocked fromthe
out si de. Efemméchgnahe aubsibstaitde FThelpiszd paation 806 ioxygensdd ofthidieurrent
controlling TFT 604 and a plurality of pixels including the pixel electrode 710
electrically connected to the drain of the current controlling TFT 604. The gate
15  driver circuit 807 is formed by using a CMOS circuit combining the n-channel TFT
601 and the p-channel TFT 602 (refer to Fig. 12).
The pixel electrode 710 functions as the anode for the light emitting elements.
The banks 712 are formed on both sides of the pixel electrode 710. The light
} emitting layer 713 and the cathode 714 for the light emitting elements are formed
20 on the picture electrode 710.

The cathode 714 also functions as the wiring common to all the pixels, and is
electrically connected to the FPC 905 via the connection witing 904. All the
elements contained in the pixel portion 806 and the gate driver circuit 807 are
covered with the cathode 714 and the passivation film 716.

25 The covering member 901 is bonded by the first sealing member 902. Spacers

formed of a resin film may also be provided so as to ensure spacing between the

52




out side, which accelerates deterioration of the light emtting | ayer by
causing oxidation thereof can be thereby prevented. Therefore, the |ight
emtting device 20 with a high degree of reliability can be obtained. This
enbodi ment can, be flirngelg conbined with Enbodi nents 1 thorough 7.

[ Enbodi mentOVEINEHEMREE %ﬁﬁg&h@émht epiftingieleraent: (v, tevarceinvide thg fiastpi xel
structure di fl_ferent fromthat in Enbodiment 10 will be described with

ref erence fcglpggnember 9 reilladrwinh arsealang 907 4 Prefembly, thaporasedimé sere
‘structure as ‘t:[h? n-channel TFT 53 601 in Fig. 11 is enployed as a current
controlli n'g)f‘F ¢ tagoealinhamegehes 9L aexd tbgsealont Pha Eurthentpreforahiplthe digstTFT
4501 is of course electrically connected to the drain wring of a

swi t chi ng SERfing apembar0Zisdprmed of agaséerialitbacismesmealdlono maltes argl TFBend501
is electrically coupled to a pixel electrode 4504. Note, reference nuneral
4409 55i ndf BuicBsasmpossitler |€aﬂgfuﬁth@u|aasubagpnfcmdmt s tthe sffeaboflabembingt he

pi xel el ectrode 4504 forned of a conductive film functions as the cathode
for |ight e@stuiener plespring oxidetionfiambé gonmmedl inahe fsealmo$07.al um num and
lithiumis enployed for the pixel electrode 4504. Here, a conductive film
nmade from an el bfwerlabePOngronjded oy the dighGeoupir® démthealpe finodianst abl e,
10 or a conductive filmdoped with these el enents may be enpl oyed. A |ight
em tting |ayan adbegve orf mmmbinlg ohe cotdringpinesibeePott Madhisd&abodiftaaugRRPonl y
one pixel is illustrated in Fig. 14, a light emtting layer that emts a

col or of . (fihgrelassoreifopunidilagicsh R K godemyliflsotide yddylby, pohesweapamcrylic
deposition nethod or the coating nethod (preferably spin coating) in this
“eiybodi AR nt carsheeinplaeyedl fpr arharetinbbf theSoeaiing nregnbenytrl. 4505 conpri ses
“tayered lam nation of a filmof lithiumfluoride having a thickness of 20
nm as an el ect A&Krithe eovdtmy meydrer0d inbemied (pog yinasaybdirerii7e niey soryindne)
fil mhaving a thickness of 70 nm superinposed thereon as the |ight
enitting |sepling member 903 is provided to cover the sides (exposed surface) of the sealant

907. As a material for the second sealing members 903, the same material as that

for the first sealing metmber 902 can be employed.

15 Encapsulation of the light emitting element in the sealant 907 with the
arrangement described above allows the light emitting element to be completely
blocked from the outside. Entering of a substance such as water or oxygen from the
outside, which accelerates deterioration of the light emitting layer by causing

3 oxidation thereof can be thereby prevented. Therefore, the light emitting device

20 with a high degree of reliability can be obtained.

This embodiment can be freely combined with Embodiments 1 thorough 7.

[Embodiment 11]
In this embodiment, a light emitting device having a pixel structure different
from that in Embodiment 10 will be described with reference to Fig. 14.
25 Referring to Fig. 14, a TFT that has the same structure as the n-channel TFT
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Next, an anode 4506 forned of a transparent conductive filmis provided on
20 the light emtting layer 4505. In this enbodinent, a conductive film
formed of a conpound of indiumoxide and tin oxide or a conpound of indium

LS P R
pi xel gl ectO?'S]a%c?%g?%%Egolﬁg%i%ﬁ?%BQH‘?WS%G{EF%{ Y@Q@B?ng & i 506.
e 111 g SPEPERE RS IEE 1T Ehipl Lhe i iavPaat Mie AITer GassnUaE g 11 m
carbon 111 APOLA SIECHIAY FeRied (o perica e - Sl eiEord MAmETRl 410 o

| ayer of5 one,of these f\' ns, or a I?Ii nation of these filnms is used. 5

Furt her, a 1Bichtes anAngeslayer peylatgedilBver the passivation film 4508, and a
covering nenber, 4510 i onded to the seal ant 4509. The ultrayiol et curable
resin may be Gadiis ‘6‘?1%? %n%aF%PD@EGECt@% 4304 oraededdta vendustpieoimed
therein th substance that _has the effect of absorbing noisture or ;
prevent i ng%&‘?%ﬁ Hnt €|Q??€<Pﬁ1% Oréwgém%mg, ei@%ﬂ%@ﬁcﬁgﬂﬂﬂmallmﬁm ghde by
form ng carbon filns, nreferably 10 dianond-1ike carbon filnms, on both

si des of ~ t RUIGInIuR agd fis P&%’é?“ﬁi{fé}fe@zfo’é ixeledectisde 4504 s Hege auoadngriec

i ncl udi ng the IE%@%EPC fi Ilm IS | oyed. This enbodi ment can be f_reelf/

conbi ned Wit et §lemany 1y ©q Ereyil wehtronp )l afrihe pesiodieebiienent |
an actiyve matrix substrate havin TFT, structure 15 different fromthat
‘o the Sub&t Adfom Hi¢ S sloped s %Sﬁ@lqr@ergﬁﬁm beeeroplorednd 10 will be
‘déscribed. Then, . a liquid crystal _display device manufactured according to
the present i nﬁhgh‘bﬁn%itmgﬁ%f&g@éﬂﬁ %@@?ﬁmeaﬁhea@wb@em@ § %0&bshpugle

illustrated in Fig. 15A,, a driver_ci rgui E }‘:';06 o
only one pixel 1s illustrated in Fig. 14, a light emitting layer that emits a color of

light corresponding to G (green) is formed by the vapor deposition method or the
coating method (preferably spin coating) in this embodiment. Specifically, the light
15  emitting layer 4505 compﬁses layetedr lamination of a film of lithium fluoride having
a thickness of 20 nm as an electron injecting layer and a PPV
(polyparaphenylenevinylene) film having a thickness of 70 nm superimposed
thereon as the light emitting layer.
3 Next, an anode 4506 formed Vof a transparent conductive film is provided on
| 20  the light emitting layer 4505. In this embodiment, a conductive film formed of a
compound of indium oxide and tin oxide or a compound of indium oxide and zinc
oxide is employed as the transparent conductive film.

Upon formation of the anode 4506, light emitting elements 4507 are
completed. The light emitting elements 4507 herein refer to diodes composed of

25  the pixel electrode (cathode) 4504, light emitting layer 4505, and anode 4506.
[t is effective to provide a passivation film 4508 such that the light emitting
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conprising an n-channel TFT 503 and a p-channel TFT 502 and a pixel portion
20 507 conprising a pixel TFT 504 and a storage capacitor 505 are forned.
These TFTs are manufactured by first formng gate wirings 512 to 517 over a
substrate 510, formng an insulating filmb511 (51 la and 5 1 | b) over the
gate wiri ngemengpdS0heare pemylattngoveredohiahnet phstvaiiog filegi The pasiran
region, drain region, and LDD region or the |ike for the sem conductor

| ayer on tﬁhni‘?ﬁ@gIiSefD'rmgdbfaIrIrinS?lIlv&ir@Eilmdnthnimgn:d:arbohﬁimrsili@orf pittigefilm,
according to the present invention, as in 55 Enbodinments 1 through 7. The
gate wiri ngssificontoxysirridarfdnt. oAnsdgheilayeraftdrieckfintbsse fifm260a tiamAdRionnss
preferably a thickness of 250 rim and the ends of the gate wirings are

t aper ed sothgse filmsiisywedve the step coverage of the films to be forned
thereon. The angle of the 5 tapered portions is from5 to 30 degrees,
preferably frobutbet,ca 25:laegh e is Fheidddhpesecheppidsivan®nafien Y608EEnDY dry
etching. The angle of the tapered portions is controlled by the etching

gas and a obegirgppkinddr #5010 dosdbd to dicssealampdt09 .y The gl onsoRt eufdid®einby
first through third doping processes. First, the first doping process is

carried oumaycbd ewed dor DD sealaghdbQ9dapddt ds aiffeytive gb groefdethgherdf the
n-channel TFT. The doping may be carried out by ion doping or ion

i npl ant at i substivesphohasthiesffdopeftbasrbing mopunictor pebesmrite (o). nahis
inmparting the n-type conductivity, and first inmpurity regions 530 and 533
are for medempodipaery, oic covraiig. meifiberd5 Hhtatle by fasiking etrieevlisngrdfhablyDD
region of the n-channel TFT is fornmed, and the second doping process is
‘carri edfoudiatmricblike tabosdilnseombdttdsidesofithgichns subkbragd, quaezRubltanaghr TFT.
“Then, the third doping process is carried out to formthe source and drain
regi ons of plabtéc pulshiane alclTdihg tiaplddpifing isremphgedar ri ed out by addi ng an
inpurity elenent (acceptor) for inparting the p-type conductivity by ion
dopm_g (ﬁr ihon Thispdraboditicon caSibedeeelheombinetorith Ginlidiemears Candughgr | ayer
on ich the

{[Embodiment 12]
In this embodiment, an active matrix substrate having a TFT structure
15  different from that on the substrate manufactured according to Embodiments 7 and
10 will be described. Then, a liquid crystal display device manufactured according
to the present invention will be described. |
D On an active matrix substrate illustrated in Fig. 154, a driver circuit 506
comprising an n-channel TFT 503 and a p-channel TFT 502 and a pixel portion
20 507 comprising a pixel TFT 504 and a storage capacitor 505 are formed.

These TFTs are manufactured by first forming gate wirings 512 to 517 over a
substrate 510, forming an insulating film 511 (511a and 511b) over the gate wirings,
and then providing the channel forﬁ_xing region, source region, drain region, and
LDD region or the like for the sen;iconductor layer on the insulating film. The

25 semiconductor layer is formed according to the present invention, as in
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20 n-channel TFTs are forned are masked, the inpurity elenment for inparting
the p-type conductivity is not introduced into those portions. In this
enbodi ment, the LDD region of the p-channel TFT is not fornmed. However,

- the LDD region,m f . cour,se be forned. In this way, the LDD region 530
and a soureg@%BF[ma‘%/IHFgrﬁhé%‘i‘%h 531 are formed 25 outside of a channel
~formng region.529 in the n-gchan TFT 503. The p-channel_  TFT 502 has the
simlar struct J‘?E,gaéﬁwgg%%ﬁ;m gﬁ%ja‘t'ﬁ OFMERATIHE P t?*m‘iﬁﬁgo‘frw wt¥bnee and
a source or _drajin regi.on 528 In this enbodi nent, the TFTs take on the

si ngl e- gat@eg%f%&@ﬁg@km&@f&éﬂ npp F%ﬁyerégsﬁé theRategtiringe agabe sl gane
structure or, the triple-gate structure. In the pixel portion 507, the

pi xel TFT WOEBEYeEEeE %Pﬁvwaéﬁ@ﬁgl@ﬁ q b smed haraae Foe englgafehe
structure in order to reduce_the off-state current. The LDD regiaon 533 and
a sourceé of@PEFes; POTLIEES dhitgByd 4p & Oxdegrrere @reforabliony 13 te Wandedreest of bt ng
regi on 532. Ege%ﬁher, regi ?ns 535 and 536 are added with the n-type
impurity €@ porcipng 8¢ foraed by dwrstebinguctloe anglgi o rthe 2apgrad phetiensos age

- capacitor 505 js, introduced with an inpurity element (in this enbodinent,
t he n-typecorit@deﬁlpb}ﬂ tchipgagap ﬁﬂérﬁﬂ%\%ﬁtpﬁhﬁﬁpébﬁ Aabftrates comprise a first
interlayer insulating film 540 ang g second interlayer insulating film
541. The fi rstiopigiyAesiaps aiefpmaedby frst shuppgh third dapingargeesses. darserehal such
as silicon,oxide, silicon nitride, or siljcon oxynitride, and has a

t hi ckness &t @@Plpspmswarrrpﬁ@%é%gﬁmmwﬂ digailyideped deainhragianefshe is 15
formed of an org%dnli,é insulating material such as polyimde, acrylic,

“pyl yi mémi e hanaplalBER wepbecantyd outlbyion dgpigerdee onplaprtan. ayer
“thsulating_ filmof the organic insulating material in this manner allows
the surfaceh@Phere i fopadoapean ismurdy £iement {danay forimpasing gensrapky, the
dielectric copstant of organic resin materials is |low, so that the
parasitic Hivipcandotanst e i negdns Hwub?33 vedamed by means of a mask.

Then, another mask for covering the DD region of the n-channel TFT is formed,
and the second doping process is carried out to form the source and drain regions
15 of the n-channel TFT.

Then, the third doping process is carried out to form the source and drain
regions of the f}—phannel TFT. The doping may be carried out by adding an impurity
element (acceptor) for imparting the p-type conductivity by ion doping or ion

oy implantation. Since the portions of the semiconductor layer on which the
| 20 n-channel TFTs are formed are masked, the impurity element for imparting the
p-type conductivity is not introduced into those portions. In this embodiment, the
LDD region of the p-channel TFT is not formed. However, the LDD region may

| of course be formed.

In this way, the LDD region 530 and a source or drain region 531 are formed

25 outside of a channel forming region 529 in the n-channel TFT 503. The p-channel
TFT 502 has the similar structure, and is comprised of a channel forming region 527
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20 materials have hygroscopicity, so that they are not suited for use as
the protective film Accordingly, it is preferable that the second
interlayer insulating filmb541 is forned in conbination with the first
interlayer i%sul ating fjlm 540. Eggre fter, resi st mask having a

predet er ni A& FoIAUTES i WalpFGERN Jafd thEs senhdhes! Fhataksparidet o t he
source regi_onls or the draip regi OE formed in the 25 respective

sem conduciB8ergafe peugiEe s ghf@d.era gyray glosnke e thodoulle-gaw srictgre or
per f or med a{ dry etching. In this case, a mxture of CF410' and He is used
as the 57 EICHIME S WIS st etch the second interlayer insulating film
541 forned of {h organic resin material. Then, CF and 0, are used as the
etching gas t oletRaPIXEPOrEpR P, the@bredyldrl 504 fesued of mynfaliamnslDF T Thlers, a
conductive netal fi | mis formed by sputtering or vacuum deposition 5 to
form a PesPRtthgaakltpgrteestrictureineardesito milpsaghe Sif3tatle Bueerdr eTholdRR by
etching. An active trix substrate can be forned in this way. A process
of manuf ac{qgmrhéﬁrargka@isvér%@rr dsain jrggipa Hhdspicayravidesgontsisleast 4 wbannelt r i x
substrate in Fig. 15A will be described. Fig. 15B shows the state where the
active nat farRiBg Begipat 23 And uarhesppresontyS3hisedr 236 B added widndbd t-tipet her
by neans 10 of .a sealing nember 558. First, columar spacers 551 and 552
are for medi@pRrigyedemeRt  lpadgifian, 2 sewieandaceoritagipng.23 18 the Theagegapetisors51
for the pixel portion are provided so as to be overlaid upon contact
portions 0?01 He ipirednces) adth eaeimmurdygtlemeat \imghiscewbdilimprtto the I1i-gued
crystal material used in the device, the height of the spacer is arranged
‘ttg be tlAr eBORPWIHD tLm In the contact portions, concave portions 15
corresponding to the contact holes are formed. Therefore, by formng the
spacers at posheiinteslayer ssiheingdilmstdompréssl Gonoxedayorinsdagng log40
derangenent of the orientation of |liquid crystals can be prevented.

Ther eaf t er anda seeorchingeilaver fingula tezgfilna bt fin dibatficst insylagsg fils SHOriskented carry
out a rubbing process. A transparent conductive film 555 and an

ori ent at i off 410 [TESEEC apetetio} rsiliden wpgosilivgn nitride, or silicon oxynitride,

and has a thickness of 50 to 500 nm. The second interlayer insulating film 541 is

15  formed of an organic insulating material such as polyimide, acrylic, polyimiamide,

and BCB (benzocyclobutene). Forming the second interlayer insulating film of the

organic insulating material in this manner allows the surface of the film to be

satisfactorily flat. Further, generally, the dielectﬂc constant of organic resin

T materials is low, so that the parasitic capacitance can be reduced. However, organic
20 materials have hygroscopicity, so that they are not suited for use as the protective -

film. 'Accordingly, it is preferable that the second interlayer insulating film 541 is

formed in combination with the first interlayer insulating fitm 540.

Thereafter, a resist mask having a predetermined pattern is formed, and then

contact holes that extend to the source regions or the drain regions formed in the

25 respective semiconductor layers are formed. Formation of the contact holes is

performed by dry etching. In this case, a mixture of CF,, O,, and He is used as the
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20 substrate 554. Thereafter, the opposing substrate and the active matrix
substrate are bonded to.-ether to inject the liquid crystal nmaterial 5 5
7. The active matrix liquid crystal display devices manufactured as

descri bed above can be used as displays for various electronic_ devices.

Thi s enbo&IGRIRE gaa o tf@stfetébnljxe@@ﬁwcgwev\kawr imspledngdins 541 femashightle 25
-[ Enbodi nent 13] 58 In this enbodinment, a light emtting device manufactured
with the f&ganie resimargriabhemiel, andiQ,pae aded as mgm% 10 ewih thoe
described. Referring to Fig. 16, a TFT that has the same structure as the
n- channel firscpntastyer insplaging filmw4hd 158 i s enpl oyed as the current
controlling TET 4501. The 5 gate electrode of the current controlling

TFT 4501 is, dfhesparcoaduetiermeiaddilinis fometbesputerngonyaiunnwileposifit t he
switching TFT 4402. The drain wiring of the current controlling TFT 4501
i s el edtr itefmnya tesistoxskpatiom. h"éhgieager, sligogs pteto %#50me formeadbivetehingdi nent |
the pixel electrode 4504 forraed of a conductive film 10 functions as the
cat hode f &kn kgt maiix subsgrast eaw be dornSpbii thicakyy, an alloy fil m of
alurninum and lithiumis enployed for the pixel electrode 4504. Here, a
conductive fiA progedecf memutarteiiegrantackisk angirngliquid iglay tsiog te eapve of
the periodic table, or a conductive film doped with these elenents nay be
enpl oyed. ntex subbratenntig.Ag A aylebe d65ilied. flog.ned dyers theatqe xdiereklect r ode
4504. Though 15 only one pixel is illustrated in Fig. 16, a light emtting
| ayer thatcegwe tattiheubsolace awd an dppsinswbsespdidiangbonddd togedenhy neafior ned
by the vapor deposition nethod or the coating nethod (preferably spin

:"’g}))at i ) ohatshalnemvodiarsds, Bpecidlimalt ypacee531 ghd 558rmre tfcbmgatf/ ayehe 45 05
“tonprises layered lanination of the filn-L of lithiumfluoride (Lif)

havi ng a whiivk mestsixofulgGamiradig Hé Ael eChe epadeny 861 ifog dhayer! podidherdPV 20
(pol ypar aphenyt enevi nyl ene) filmhaving a thickness of 70 nm superi nposed

: provided so as to be overlaid upon contact portions of the pixel electrode. Though

varying according to a liquid crystal material used in the device, the height of the
spacer is arranged to be three to 10 um. In the contact portions, concave portions
15  corresponding to the contact holes are formed. Therefore, by forming the spacers
at positions to coincide with these concave portions below, derangement of the
orientation of liquid crystals can be ﬁrevented. Thereafter, an orientation film (an
alignment film) 553 is formed to carry out a rubbing process. A transparent
) conductive film 555 and an orientation film 556 are formed on the opposing
20 substrate 554. Thereafter, the opposing substrate and the active matrix substrate

are bonded together to inject the liquid crystal material 557.
The active matrix liquid crystal display devices manufactured as described

above can be used as displays for various electronic devices.

This embodiment can be freely combined with Embodiments 1 thorough 7.

25 [Embodiment 13]
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thereon as the light emtting | ayer. Next, the anode 4506 forned of a
transparent conductive filmis provided on the light emtting |ayer 4505.
In this enbodi ment, a conductive filmfornmed of a conpound of indium oxide
and tin oxide fr a conpound of |ndiurn oxide and zinc 25 oxide is enployed
as the transpaleHtls nEQD F (ight eupisiner devies menubictuted witbdbe4s08e t he
light emtting el ements 4507 are_ 59 conpleted. The light emtting el enents
4507 her ei Mmaper sibstrteilbneatechia Ewbpginaery 17 wil b detcribbéet r ode (cat hode)
4504, light e 'tﬁ;i ng IaIg_er 4505, and anode 4506. It is effective to.
provi de the paBefeying enFigi ifnabbE thathas thasampstiicght asphe nichgnnel BREnt s
4507 are c | etely covered with the film The passivation film4508 is 5
formed of imEigsal 3 Agog; 158 isrnplavedyastheaewsenttdanmolbng iTFIn450t.r The fil m
or silicon oxynitride film A single |layer of one of these filnms or a
| ani nat # ongast” ¢lpeiseds jof e eurrersedontroaltinge T F 1t K80k dal ahtousegelestpradlyi ded
over the passivation film 4508, and the covering nenber 4510 is bonded to
the seal antousgoed mnthel draiywisirg ofabe awitehingsTRT #30dayl Huelmagediing oft dhe
seal ant 4509, and it is effective to provide therein the substance that
has the ef¢weeniofonisebingi TG Thdb61 us elatrigalby eomnagedxddtei pixel kehecthide
enbodi nent, the covering nenber 4510 made by form ng carbon fil s,
pr ef er abl y45@ft.anond-1i ke carbon films, on both sides of the glass
substrate, quartz substrate, or plastic substrate including the plastic
filmis enpl oylbdthig snlmrdemehgtthetiksl detooiadh®4d damdkof neenduconbifibed wit h
Enbodi nent 1 through 7 and Enbodi nent 12. [Enbodi nent 14] The CMOS circuit
“and t hd0pi fusictipos s gm ¢ahodd fanylighpmnyitnng elememite s8pecificallye nhiadloy ddm dfe
~applied to various el ectro-optic devices (active matrix type liquid 20
crystal diaphdpuaenriddishiws s aneploped fox the/piseEdedirapd 4504dddéreea orndistrivee
matrix type

ypfilm made from an element belonging to Group 1 or Group 2 of the periodic table,

or a conductive film doped with these elements may be employed.
The light emitting layer 4505 is formed over the pixel electrode 4504. Though.
15 only one pixel is illustrated in Fig. 16, a light emitting layer that emits the color of
light corresponding to G (green) is formed by the vapor deposition method or the
coating method (preferably spin coating) in this embodiment. Specifically, the light
emitting layer 4505 comprises layered lamination of the film of lithium fluoride (Lif)
3 having a thickness of 20 nm as the electron injecting layer and the PPV
20 (polyparaphenylenevinylene) film having a thickness of 70 nm superimposed
thereon as the light emitting layer.
Next, the anode 4506 formed of a transparent conductive film is provided on
the light emitting layer 4505. In this embodiment, a conductive film formed of a
compound of indium oxide and tin oxide or a compound of indium oxide and zinc
25 oxide is employed as the transparent conductive film.
Upon formation of the anode 4506, the light emitting elements 4507 are
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light emtting device). Specifically, the present invention can be enbodi ed
in electronic equipnment of any type in which such an el ectro-optic device
is incorporated in a display part. Such electronic equipnent is a video
canera, a digital ,c ra, a projector, a _25 head-nounted display (goggle
type displ 89‘%‘,13 e&e‘é'amal‘sﬁbﬁﬁﬂlﬁﬁlg#%’éﬁﬁ P Hrersingetas to elindes phatsumaprise
“conputer, ar a npbile inforpation termnal (such as a nobile conputer, a
mobi l e tel g‘%BWgP %fﬁcgﬁd‘él(‘éﬁibpdﬁ)i #504b dight emiging lawa450FFand sweda 859)6.and 19A-
19C show one of its exanples. Fig. 17A shows a personal conputer which

i ncl udes a bodyt i8eBectivErropiaYie the pagsinatioartil sughdhspthaigharthife3, a
keyboard 3004 and the like. The invention can be applied to the display
part 3003. ckments 4p0% prgoraplerele sovened metnbhe filni.n Tho gassieathodflnd 2608 ia

di spl ay _par.t 310f2’ a sound input part 3103, operating swtches 3104, a
battery>3 165 m iaraisulariagdily inglysking a3ad®mafith, tsHohi ikeideTfilen,ionsditonon  can
be applied to ,trgg g splay part 10 3102. Fi g 17C shows a nobile conputer
whi ch i ncl G¥BatEdG LW goungle daveamépae phtttese 8B090r aknimagen oé dedse fihgs par t
3203, an operating switch 3204, a display part 3205 and the like. The

i nvention B##-be applied to the display part 3205. Fig. 17D shows a goggle -
type display which includes a body 3301, a display part 15 3302, armparts
3303 and the | Fretheriihe isealent 4709 is gnotidedippe the passivariomfilsphags pard the3302.
Fig. 17E shows a player using a recording nmedi umon which a programis
recorded (feyaingamenyer 4 &0 tsgwrﬁ@da:e thheealmaci5@On A mahtiungler emdbichesipl ayer
i ncludes a body 3401, a display part 3402, speaker parts 3403, a recording
g'@di uml840maybe uspdfaitthe @eaéwadc%é?s a3d05s effet tivheo bidvade fHeirsnphayaiscases a
DVD (Digital Versatile Disc), a CD and the like as the recording nmedi um
and enabl eglaé hawthe ceféast oyf absorbing moisture or preventing oxidation. [n this

embodiment, the covering member 4510 made by forming carbon films, preferably

| diamond-like carbon films, on both sides of the glass substrate, quartz substrate, or
plastic substrate including the plastic film is employed.

15 Note that, this embodiment can be freely combined with Embodiment 1

through 7 and Embodiment 12.

[Embodiment 14]

p—

The CMOS circuit and the pixel portion formed by applying the present

invention can be applied to various electro-optic devices (active matrix type liquid

20 crystal display device, active matrix type EC display device or active matrix type

~ light emitting device). Specifically, the present invention can be embodied in

electronic equipment of any type in which such an electro-optic device is
incorporated in a display part.

Such electronic equipment is a video camera, a digital camera, a projector, a

25 head-mounted display (goggle type display), a car navigation system, a car stereo,
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musi c, novies, ganmes and the Internet. The invention can be applied to the
display part 3402. Fig. 17F shows a digital canera which includes a body
3501, a display part 25 3502, an eyepiece part 3503, operating sw tches

3504, an inmage receiving part % t, hom& and the like. The_invention can
be appl i ed & W& 8‘?@8}@9’%&? 5@%2‘}%’6&3 rytermgnaldpahsass mpEﬂ% cepputer,

j ect whi gh, i n¢l ud j ecti, [ 0 3602 and th
e “the PYGRIS BlrebanteleBsfkraaicoddd) Fisi b aryE adlgray xevdte 3308

whi ch constht ut es rt of the projection device 3601 as well as other
driver circaPYonedipisexammeshows a rear type projector which includes a

body 3701, a projection device 3702, a mrroy 3703, a screen 3704 and the
like. The inveﬁé-ﬁﬁ%ghmﬁ%a P&&&Pﬁgaomaumévhlpéun@iuewgtbadvép%Jayua@gﬁ ce
3808 which, constit part, of t projection device 3702 as well|l as other
driver O r&?ﬁ‘f@arﬁ%&ifg%s}%l%%ﬂgﬁ%me& %‘f‘gﬁo@‘héﬂétﬁhﬁbk@rr dhefinexgiprof t he
projection devices, 10 3601 and 370 ich are respectively shown in Figs.
18A and 188?“%&@?9133?&1{%@“3 é’rsgfa&@tai%fp&vi ces 3601 and 3702 is nade of a

i ght source oEti Cl? ystem 3801, m rrg_r %3.80 and3804t 03806 , a dichroic
mrror 3803, aptiSRsEws 2 yideurameiaswaich wichilesy brohi $E0Rgodisplay praas e

di fference ﬁé te 380&9. and a projection optical system 3810. The projection
optical systE&m 38aund innwgaricl03s oppratingiswiszghee i Ohat baitery 34 026amiepect i on
| ens. Enbodi nent 14 i exanpl.e of a three-plate type, but it is not
linmited to r?@ﬁ“é‘“é?ﬁh‘pf ]&m ikg. sbh insntign Gandecaplligd go the display part

addi ti or&, éh@ine who enbody the invention may appropriately di spose an
~opti call Sy { such as an optical lens, a filmhaving a polarization
~flnction, a filmfor adjusting phase difference or an IR filmin the path
i ndi cat ed by ah:f‘z‘:b\)sg G %Omsg.mq@@. carpp ey whigpinchudgs aibewly SR8 meprasre rexanpl e
~of the st :ngégre of the |jight source optical system 3801 shown in Fig.

18C. | n EnBéH#rhimage reepiving pait 4683 arvopgratingswitch 3204, a display part 320

and the like. The invention can be applied to the display part 3205.
Fig. 17D shows a goggle type display which includes a body 3301, a display parf
15 3302, arm parts 3303 and the like. The invention can be applied to the display part
3302.
Fig. 17E shows a player using a recording medium on which a program is
recorded (hereinafter referred to as the recording medium), and the player includes

a body 3401, a display part 3402, speaker parts 3403, a recording medium 3404,

20 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 invention can be applied to the display
part 3402.

Fig. 17F shows a digital camera which includes a body 3501, a display part

25 3501, an eyepiece part 3503, operating switches 3504, an image receiving part (not
shown) and the like. The invention can be applied to the display part 3502.
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system 3801 is made of a reflector 3811, a |light source 3812, |lens arrays
3813 and 3814, a polarizing conversion elenent 3815 and a condenser |ens
3816. Incidentally, the light source optical systemshown in Fig. 18D is

. . : . i i h
constr acti on. Ter FEx BT FORHBBELIPREET WRBOUP- IHes  Hudstiamacmgy 3601, °
appropriately di e ntical system such 62 as_an optical lens, a film
havi ng a ﬁoﬁca?qnzg&%%mf {}wgﬁ%%ﬁfh%‘lmenﬁpﬂ@n%m@ﬁ%@ 9?}%@ crgitekdisRlage or

an IR fil The oj ector shown in Figs. 18A to 18D is of the type using a
t ranspar e;aeﬂctey%@%w Lfb%@‘?‘séu‘éﬁ?ﬁ ipéftdéfg\ﬁ%‘éé},ml?ﬁﬁoﬂ wevisei 0 g walbasother
~exanple in:which the 5 invention is applied to a reflection type of

el ectro- optHVErd8¢FEE and a light-emtting device. Fig. 19A shows a nobile
t el ephone which inglydes a body 3901, a sound output part 3902, a sound

i nput part 3904%¢ &cf?ﬁ Saayfeﬁéﬂtpeﬁgﬁpt%;}’éhlébilﬁ*@u@%&b@¥g«5370§9@5>,r013ﬁt1@1menna
3906 and t e_IiJé< The invention can be applied to the display 10 part
3904. Fi g.deyis m BiFFEh I 83 b srreeB| XM 3 hardibr) T énveantionuerss bpody
4001, display parts 4002 and 4003, a_storage nedi um 4004, operatin

swi t ches @@@Sﬁdaﬁﬁ thenhavidacaoab displan devire WSO8 THRIGhneRtitoies Gt bE tgppl i ed
to the display parfs 4002 _ and 4003. 15 Fig. 19C shows a display which

i ncl udes &TBEEHOR Y}Cea37smp%§d¥¢u pughen doyer lrCyisspl ay part 4103 and the

|l i ke. The invention can be applied tg the display part 4103. The invention
i s particul ar Ifgadttamaengeonsetample phthpestamtempidashoathe pgection devices
advantg&eous to (Jg di spl ay having a diagonal size of 10 inches or nore

: I(jgarti | 00}, angd 70k ethdch gre TRspeotiveboshmsvn in Kigsat@htarkh bRt Bech of éhoi ng
‘description, the range of appljcations of the invention is extrenely w de,
and the i iFeiRCHn dexicas SRR pnced Qloisampde off eglight setrce 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
15 projection lens. Embodiment 14 is an example of a three—pléte 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 or an IR film in the path indicated by arrows in Fig. 18C.
| 20 | Fig. 18D is a view showing one example of the structure of the light source
optical system 3801 shown in Fig. 18C. In Embodiment 14, the light source optical
system 3801 is made of a reflector 3811, a light source 3812, lens arrays 3813 and
3814, a polarizing conversion element 3815 and a condenser lens 3816.
Incidentally, the light source optical system shown in Fig. 18D is one example, and
25 the invention is not particularly limited to the shown construction. For example,
those whose embody the invention may.appropriately dispose an optical system such
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el ectroni c apparatus. El ectronic apparatus according to the invention can
be realized by using a construction nade of a conbination of arbitrary
ones of the enbodinents 1 to 13. 25 According to the present invention,

TFTs havin ' mpi lity.can be formed. .In.additio t.he operati pnal
characteri g? ?i&%gﬁlggﬂgpf’é%ﬁ% B@Vlgg Bapéigﬂ%%&ﬂ{ﬂm&pﬂd%@% OT g upying Pﬁéﬁf by a
hi gh- defi ni 'I[f'reonngcti vegg? rix liquid crystal display device and a |ight
emtting dgw CelCCAnth lhﬁr oved. 64 1. A display device conprising: a
substrate; fir and. second thin_fil ransjstors. forned over the
substrate a gat¥ BPECIECREWEr Iny Figs ﬁéttoﬁ%[ﬁ 1§ ‘Pfls%ettﬁ’ﬁ‘ﬁ SFPES UARPAECHat e
wiring forned over the substrate; an Insulating filmformed over the gate
el ectrode 6fP% ﬂ%efé&ﬂrgtop[tm CYIEF P gt?‘l%‘? df gIot oy AR ‘E‘é‘#@qgvimi whichathy r st
sem conductor filmof the firgst thin filmtransistor and econd
seni conduc BTN Bpplisddodaelrerion e elpctiospRi s derice iiggwmiltthg
Insulating film a first interlayer insulating filmfornmed over the first
seni conducf®¥iFi | m of the first thin filmtransistor and the second

sem conduct or £l f the second thin film, transistor; first wirin
formed over the' HP?} Sli“?\‘i’%?‘l‘&?@‘?e Fagﬁh%? High Ill?ﬂﬁi y ‘éih@ﬁﬁ?h%gq]ir rﬂsﬁounhigri ng
connects the secon&bﬁﬁﬂ‘i condalctor fi Ig&@i t he second thin filmtransistor
and the g8tEUHPAF ASOYR- {FRW P @éﬂ&ﬂ%ﬁ@réc PO oprerating suitehes
wiring for over the first Inter|ay I nsul ating filmwherein the, second
wiring is ggﬂ%@d’t w2 pRDS prrldhe dika chhriiREron kst Be sy {11 m
transi siborpa}tr})rg(aﬁgh a third contact hol e;
) ‘

Fig. 19B shows a mobile book (electronic book) which includes body 4001,
display parts 4002 and 4003, a storagf: medium 4004, operating switches 4005, an
antenna 4006 and the like. The invention can be applied to the display parts 4002
and 4003. |
15 Fig. 19C shows a display which includes a body 4101, a support base 4102, a
display part 4103 and the like. The invention can be applied to the display part
4103. The invention is particularly advantageous to a large-screen display, and is
advantageous to a display having a diagonal size of 10 inches or more (particularly,
] 30 inches or more). |
| .20 - Asis apparent from the foregoing description, the range of applications of the
invention is extremely wide, and the invéntion 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 the
embodiments 1 to 13.
25 According to the present invention, TFTQ having high mobility can be formed.
In addition, the operational characteristic and reliability of a semiconducror device,
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a second Interlayer Insulating filmover the first wwring and the second
wiring; a cathode connected to the second wi.ring; a light emtting | ayer
formed over the cathode; an anode forned over the light emtting |ayer; and

a covering nember for ver the anode, 2. The display device according to
claim1, tHEUH %g’-‘é}‘ég?@é‘np§ active gRR TR HqUi ﬁ@’“@eﬁﬁpiféi g%ilcem@?éﬁﬁbltay

devi ce accordin é%o,clai 1, the covering nenber is a glass substrate. 4.
The displd?nﬁg9g V&@cﬁﬁgb%ﬁnPﬁ“@ﬁain1l, the insulating filmconprises two
Insulating films. 5. The display device according to claim1, the first

sem conductor filmand the 65 second sem conductor filmare crystalline

sem conductor filns. 6. The display device according to claim1l, the

cat hode conprises an alloy film of alumnumand Iithium a conductive film
made from an el enent belonging to Goup | or Goup 2 of the periodic
table, or a conductive filmdoped with these elenents. 7, The display

devi ce according to claim1l, the anode conprises a conductive filmforned
of a conpound of indlumoxide and tin oxide, or a conpound of indium oxide
and zinc oxide. 8. The display device according to claim1, the display
device Is one selected fromthe group consisting of a personal conmputer, a
video canera, a mlle conputer, a goggle type display, a player using a
recording nmedium a digital canera, a front type projector, a rear type

- projector, a nobile phone, a nobile book and a display. 9. A display device
conprising: a substrate; first and second thin filmtransistors forned
over the substrate;

)
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a gate electrode of the first thin filmtranslator and a gate wiring forned
over the substrate; an Insulating filmfornmed over the gate el ectrode of
the first thin filmtransistor and the gate Wlng; a first sem conductor
filmof the first thin filmtransistor and a second sem conductor fil m of
the second thin filmtransistor formed over the insulating film a first
Interlayer Insulating filmfornmed over the first sem conductor film of the
first thin filmtransistor and the second sem conductor filmof the second
thin film transistor; a first wiring forned over the first interlayer
insulating fil mMBp[a?da\udmfﬁpnsmg Wi ring connects the second sem conduct or
filmof the se n fllmtran5|stor and the gate wiring through first
Aot Pet i
and second con a second wiring forned over the first interlayer
insulating fil ﬂmxmdmmndﬁénfllsewmmt#tmsfdrmgdbeemmmmreﬁ;tO the first

cont act hol o & 028 dioet/oRE ol e st it frutherdleld: 374 ey ia BN ofasiei 1 ng
and the _seﬁﬂgbﬂh)ateai ring; 66 a cathode connected to the second wiring;, a
S0t e NGRS ion B BAEH R R il e
t he gate engdbe gate wiing; he fi rst thin filmtransistor and the gate wiring

i opl ay. dovi cor et spflicoh@ict AR B {18 AGE oY A TR Bad' dleppond ™

accor di ng Wl@ﬂduﬁomlrﬂtﬁ’ﬁ &Wemd thin Hterttaosisios foamegtl ager the inbalatrag fim;

a first Interlayer insulating film formed over the first semiconductar #im of the
first thin film transistor and the second semiconductor film of the second thin fiim
transistor;

a first wirlng formed over the first interlayer insulating film whetein the first
wiring connects the sacond semleonductor film of the secand thin film transistor and
the gate wiring through first and second contact holes;

& second wiring formad over the first Interlayer Insulating film wherein the
sacorwd wiring is connected to the first semiconductor fllm of the first thin film transistor
through a third cordact hole;

& second Intatlayer Insulating film over the first Mring and the second wiring;

& cathode connected to the second wirlng;

a light emitting layer formed over the cathode;

an anode formed over the light emitting layer; and

& covering member formed over the anode.

2. The display device according to clalm 1, the display device Is a light ermitting
device.

3. The display device according to claim 1, the cbverlng member is & giass
substrate,

4. The display device according to claim 1, the insulating film comprises two
Insulating films,

5. The display device according fo claim 1, the first semiconductor film and the
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12. The di splay device according to claim9, the Insulating filmconprises
two insulating films. 13. The display device according to claim9, the
first sem conductor filmand the second sem conductor filmare crystalline
sem conductor films. 14. The display device according to claim9, the
cathode conprises an alloy filmof alumnumand Iithium a conductive film
made from an el enent belonging to Goup | or Goup 2 of the periodic
tabl e, or a conductive filmdoped with these elenents. 15. The display
device according to claim9, the anode conprises a conductive filmforned

of a conposesdnidéemicomduttod filnterecongbtdiiine semiehduebr fimgonpound of I ndi um oxi de
and zinc oxide. 16. The display device according to claim9, the display
device is one selected fromthe group consisting of a personal conputer, a

Vi deod_carrer a, & ﬁhﬁ)dihpiayda?w aocordiray tg@?ﬂthelt, ﬁwltftﬁthéhlﬁ I&bv_@)ﬂrl%a% o a’w?ﬁm-usit ng a
recordin el [ ran rojector, a rear e
br of ect o, Srauntfim 3oy, o SR il bleBR war A s peiargia 8 Grsl VP

1 or Group 2 of the periodic table, or a conductive film doped with these elements.

7. The display device according to claim 1, the anode comprises a conductive

flim formed of & compound of indium oxide and tin oxide, or a compound of indium
oxide and zinc oxlde.

8. The display device according to claim 1, the display device Is one selscted
from the group consisting of a personel computet, a video camera, a mobile computer,
a goggle type display, a player using a recording medium, a dlgital camera, a front
type projector, a rear type projector, & moblie phone, a mebile book and a display.

8. A display device comprising;

& subsatrate;

first and second thin film transistors formed over the substrata;

& gate electrode of the first thin film tranalster and a gate wiring formed over the
substrate;

an insulating film formed over the gate electrode of the first thin film transistor
and the gate wiring; ,

a first semiconductor film of the first thin film transistor and a second
semiconductor film of the second thin film transistor formed over the insulating film;

e firat Interlayer Insulating flim formed over the first semiconductor film of the
first thin film transistor and the second semiconductor film of the second thin flim
transistor;

a first wiring formed ovar the first interlayer insulating film wherein the first
witing connects the second semiconductor fllm of the second thin film transistor and
the gate wiring through first and second contact holes;

a second wiring formed over the first interlayer insulating film wherein the
second wiring is connected 1o the first semiconductor film of the first thin film transistot
through a third contact hole;

& second intetlayer insulating fllm over the first wiring and the second wiring;
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a cathode connected to the second wiring;

& light emitting layer formed over the cathode;

an anode formed over the fight emitting layer; and
a covering member formed over the anods,

wherein the gate slectrode of the first thin film transistor and the gate wirlng
have a taper shape.

10. The display device according to claim 9, the display device is a light
amitting device.

1. The display device according to clalm 8, the covering member Is a glass
substrate.

12. The display device according to claim 9, the Insulating film comprises two
insulating films.

13. The display device according to claim 9, the first semiconductor film and
. the second semiconductor film are crystalline semiconductor films.

14. The display device according to clalm 9, the cathode comprises an alioy
film of aluminum and lithium, a condugtive film made from an element balonging to

Group 1 or Group 2 of the perlodic table, or a conductive film doped with these
elamants.

16, The display davice according to claim 9, the anode comprises a conductive
film formed of & compound of indium oxide and tin oxide, or a compound of Idium
oxide and zine oxide.

16. The display device according to clalm 9, the display device is one selected
from the group conslsting of a personal computer, a video camera, & moblle computer,
a goggle type display, a player using a recording medium, a digital camera, a front
type projector, a rear type projector, 2 mobile phone, a mobile book and a display.
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