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substrates arc low. lLasers can give high energy to semiconductor films without
increasing the temperatures of substrates to a great extent. In addition, lasers are

remarkably high in throughput compared to heating means using electric heating
30 furnaces.

Since a crystalline semiconductor film formed by the application of laser
annealing has high mobility, the crystalline silicon film is used to form thin film
transistors (TFTs). The thin film transistors are widely used in a monolithic type of
liquid crystal electro-optical device in which TFTs for pixel driving and TFTs for driver

35 circuits are fabricated on one glass substrate.

A method of effecting laser annealing by forming a high power pulsed laser
beam such as an excimer laser beam, by an optical system, into a laser beam which
becomes a spot of several cm square or a linear shape of length 10 cm or more at an
irradiation plane, and scanning the laser beam {or relatively moving a position irradiated

40 with the laser beam with respect to an irradiation plane) has preferentially been used
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_ 30 electric field effect moblllty of a IFI is a surface scattering effect. The degree of

levelness of the interface between the active layer and the gate insulating film of the TFT

exerts a large influence on the electric field effect mobility. High electric field effect

mobility is obtained, without influence caused by scattering, the more level the interface

becomes. Distortion of crystalline semiconductor films thus influences all of the TFT
35 properties, and even a yield changes.

SUMMARY OF THE INVENTION
An object of the present invention is to form a semiconductor film having little

distortion and to provide a method of manufacturing a semiconductor device using the
40 semiconductor film.
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)

30 halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp, or a high
pressure mercury lamp.

Further, in the above manufacturing method, it is characterized in that the
heating temperature of the heat treatment process is equal to or greater than 500°C.

Further, in the above manufacturing method, it is characterized in that the

35 amount of heating time for the heat treatment process is within 30 minutes.

Further, another method of manufacturing a semiconductor device according to
the present invention is characterized by comprising the steps of: performing a first heat
treatment process on the amorphous semiconductor film, forming a first crystalline
semiconductor film; irradiating laser light to the first crystalline semiconductor film,

40 forming a second crystalline semiconductor film; and performing a second heat treatment
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amount of heating time for the second heat treatment process is within 30 minutes.

30 As described above, the present invention has a simple constitution applicable to
conventional TFT manufacturing processes, and therefore it is not necessary to prepare
any new type of apparatus, and costs thiis are not increased. Physical properties of a
semiconductor film are raised, and the semiconductor surface 1s made level with the
present invention. The film properties of gate insulating films formed on the

35 semiconductor films are therefore sufficient, and the levelness of the gate insulating film
can be maintained. Locally concentrated electric fields and surface scattering can
consequently be prevented, and it becomes possible to form TFTs having a high mobility.
The operating characteristics and the reliability of semiconductor devices can be raised by
manufacturing the semiconductor devices using this type of TFT.
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Fig. 13 is a cross sectional structure diagram of a driver circuit and a pixel
portion of a light emitting device;
Fig. 14A is an upper surface diagram of a light emitting device;
Fig. 14B is a cross sectional structure diagram of a driver circuit and a pixel
30 portion of the light emitting device; '
| Fig. 15 is a cross sectional structure diagram of a pixel portion of a light emitting
device;
Fig. 16A is a cross sectional diagram showing a method of manufacturing an
active matrix substrate;
35 Fig. 16B is a cross sectional diagram showing a process of manufacturing an
active matrix liquid crystal display device;
Fig. 17 is a cross sectional structure diagram of a pixel portion of a light emitting
device; '
Figs. 18A to 18F are diagrams showing examples of semiconductor devices;
40 Figs. 19A to 19D are diagrams showing examples of semiconductor devices; and
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Fig. 13 is a cross sectional structure di agram of a driver CIFCUI? an atttt
pi xel portion of a light emtting device; Fig. 14A is an upper surface
diagramof a light emtting device; Fig. 14B is a cross sectional structure
di agram of a dr#ver circuit and a pixel . 30 portion of the light emtting

device; Fig. ig8: 20/ i0od)C ¥e diazsHny shoming examplen & gpmiRosfuciondexies.por t i on
of alight emtting device; Fig. 16A is a cross sectional diagramshow ng a

rethod of manulaRiNG RS BRsCREFTVR BRI pPREPERIBIPEVISODENISE 1S 2 cross
sectional _di ag matri x
liquid crFRPAHmANEBIOdy device; Fig. 17 is a cross sectional structure
di agramsof a pi Aelenpotinh@n mafdeaf tHegltseaninténtg idexilsiaed E&xﬂgmwﬁu@ B8F are

di agranms show ng;. &xgrgg%e ﬁls&f i mn%%%%%%ed%&%' C‘g‘?;tm%n]&;:5q% &a%ﬁqz%{rg 19D are

di agrans showi ng eXa m conduct ot 't 20C
are di agr A8 EREWIHAS é%m%leésﬁU@T ass glas SoRRBRR 5o K UeleR, s § ate DEPRALIL BObstrates,
DESCRI PTI &N %lﬂwaueﬁaﬁmasmel\@%&te EUbOQhﬂﬂmt dﬂmﬁgxaﬁn@miﬁrmﬁﬁécrre nt

node of t tian Fi.rst, a
base | nsult G hSTEDh sh Y. B0 e * KR! BRSSP DMkt kRt i

|'i ght t]foaﬁ%ﬁ’ﬁh 35t ‘ihﬁdi’aﬁ? operatingstilgyc hPiasxgnakssissibyrr kreof usingr 2 singlbStyeat es,

EI atSL ic ssthﬁ:wrataesttae b@@?ns{tﬂlaﬂiﬂgmlﬁl ibubﬂienﬁ&ﬁﬁn@ BV ERY A e aséiﬁt%hfrlé-tu? 10.
urt her, sul ating,film con o a siljcon
it de o PR ERnO8 s R | NOEH i PR S vbios Bkatudot be “base
i nsul ati nPielm An exanple is shown here of using a single |ayer

structure as thg é@&ﬁ@nldnét@f gtrhng i fdrmed%kt ém&elm@ln@&mﬂﬂo filch M ma sahso
have a truct ur nated. Note. that the

| WO. or ers are
S O R TR PAR SRR RUEA S S A i M
next on twendasekngveul mepmy (Fidbmas 1 spieringe LAGVBenbrc gqrigknet dEVD)J m TR2e a

~ sem condugetngt:oﬁdubmr havi ng AR RRAHS ﬁdkﬁ@swfefrbﬁl bONgeg) nhiS (gt
means (su sem con uct or, |Im

h_a tte L D). The
1215 1 or fRHCSH o 20l BRNesdTBF F R BB EUPBOP AL deraBry S REN 30
and 60 nmpatefiakbet Aanepmierhiblaid firinonby phiageilicon, 4 dibceemiroanduc{SAGef allan
mat er i ago,ameihkei s preferable to formit by using silicon, a silicon

ger mani um ( Si Ge IIo l:i)andthellke A | aser crystalllzatlon nethodls
t hen perfor med % 36¢ n‘?ré{Sté izatioq |me{Bod sisilednaadeERed itp morme |agElline
cryst al | i saticomueet fooh. maihedfisee otysediization nixehadsedy af tecetrse p&oftar tdcdgif@not her

known cr yﬁér?drHi@tahgﬁep NRG&EHS cﬁy%ﬁﬁa% %r(gcl%gsr rﬂmchcﬁsy =L ﬁlleHlElaExiygﬂllization
' method). Distortions 13 are formed in the crystalline semiconductor film due to the

25 laser crystallization process. Note that it is preferable to release hvdrogen contained in

the semiconductor film before performing laser crystallization. Roughness in the film

surface can be prevented if crystallization is performed after first reducing the amount of
hydrogen contained in the film to be 5% or less of the total number of atoms present by
performing heat treatment at 400 to 500°C for about one hour. In general, the
30 concentration of hydrogen contained in an amorphous semiconductor film formed by
sputtering or LPCVD is lower than that contained in an amorphous semiconductor film
formed by plasma CVD. Furthermore, even an amorphous semiconductor film formed
by plasma CVD has a low hydrogen concentration, if it is formed at a temperature equal
to or greater than 400°C. In addition, it is preferable to perform a heat treatment process

35 at a temperature equal to or greater than 600°C if thermal crystallization is performed.
Pulse oscillation or continuous light emission lasers such as gas lasers, solid state
lasers, and metal lasers can be used in the laser crystallization method. Lasers such as
continuous oscillation or pulse oscillation YAG lasers, YVO; lasers. YLF lasers, YAIO;
lasers, glass lasers, ruby lasers, alexandrite lasers, and Ti:sapphire lasers exist as the solid
40 state lasers. The gas lasers include continuous light emission or pulse oscillation
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| aser crystallization. Roughness in the film surface can be prevented if
cryst al | iczameaiasess, peddsorsnd latseand COs tasemgwhiltbel tuve caimiumt laets, chyght ogen

~contai nedyzhg Ia@@rs,f hrhcm?eat 05?/839{5 éaﬂsﬁe g{_) 805% e?(gf:nﬁle% e rmé?%l 1%69?5 fQ resent

by perfornbn% E nt at about one
general , PHEOSH ¥ isbererarEon E&Itt?ﬂ@?‘@gaeﬁs%d’ﬁ?%}?‘ﬁ’ééﬁ qqaw%mraé%mmu@edr
seni condwrhapaer by ah optiaat ambnbynd gpeatitradiatad tothelsB@idont scrbiofilet miah & usdbfor

cont ai nedaidy A% IANPIRNBYS. BEIT: GRNAUE! o, Ct@&hylzgﬁaf&nwg% %ﬂﬂqe@d&m&\ﬂ) has

Furthernore, even an anor ous sem can
a | ow hydFE§Er bRcRasTaah Poiihe pplsp psgillatio isespengy 1§ Seeiopild Aaaad &farer to or
greater tenargyAO8iG id set ddidehaiy) dntd 808 mi/efeaplallt arqperhonm7ao headm?)

treat ment,,pr, &f?fcn%@r Blerdis u%gﬁ’erﬁltrfﬁr £ tﬁ%&'@on& %13'[3{ gg%n% waban, ?&9%? gl |

thermal cr ation’is perf i on or con
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a | aser qsqlol MW/@M) S Acgag@rsttﬁé{ Rlvédictite ltd E}@aﬁser %Bﬁm ape@No® el e ddr
system an ﬁ)n%q%)rr%gl at a@l e sem conduc éf) y be used for 5-
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may be suit abI yWurthet, desce drypiplliatioperxttods cabbe petiernpdl lseh@smdspmria,dn an
f1 nguencgg%ﬁ nﬂ§s/°«itmfo &@&sddﬁials ang) Eﬁ'eaghgﬁ?'ied%lg%@ﬁﬁ&ug@ﬂ% V\%héré set between

an ica rom 0 en an exci mer
Faser 2 used. eSS HRcShA ATghERTHEORY CRAYA ot BRI P 45 vAG
| aser is ampdlingetirnacheopby Kd'Aos ditictradli ammeﬁlngqusemg:yn raycabeg Setmata ory et o 300
I(4tz, andl lliQ:rf;oﬁ%eJi atsz@(ene;;a%&% eﬁﬂ@;;l% by gféabér BenSPbe %%x@%@@ﬂ?mﬁaﬁg@ﬁoﬁﬂ/ cng

ypi ca ro C er am concentrated in

(B SR b SR Lor TR eSs oAy PoeaRangh doOdBHP- St pen
i rradi at ddrmnvgoen tleeerehilpgan !snmpé tiofacfl 1lighe ISudesbelatwehe substragi atd ton ofithe be

per f or @?%a@éggﬁ%ﬁ; QQ'Jnstet ‘échJE @8 sQMﬁfa‘t@Hn raaﬁﬂn%cér%m‘i&%héﬂe”e%e %é}ﬁ;l;é@dt%am
set between

Furt her us o ation | aser is used,
then it |€8Ps “H%@égé%{?rr%asﬁbﬂ%’é‘%aﬂtiﬂ‘ég %W&?‘d@e gg‘gsl??t Ofig’fi\tng@ﬁafé 0 {eTmRFgREE50
MN cn? ( pnefeseadidy tifer mma 6f femiesatl® dddtan® mayAalsd d!)gae[ sronhéfn to3eCimehat i ve
to the | aggp d :%Qﬁéd #ond tﬁ@%@ﬂ%%‘ léxﬁgs & %S{weef?f'fdi’) §n& Q38640 &E‘!s%redaﬁg a2

cryst al |l i ne sem conduct or | aser cryst allization
met hods QFFHH%‘;OB f PRgsled ping ﬁe‘“lélftoﬁogfﬁﬂ‘?&’ eand1 Hp%fﬁal Pﬁ%r'ifeftj%ﬂfaﬁﬁ?&%ﬁbr e
such asondnddipas diffierdini sccardarcueat fpeiossiiick @AtthoSpSr & the substrate and the

semiconductor film used. The operator may therefore suitably determine the
temperature.

Note that, although a nitrogen atmosphere is used in this embodiment mode, the
inert gasses such as helium (He), neon (Ne), and argon (Ar) may also be used. Further,

35 in addition to the halogen lamps used here, an ultraviolet light lamp such as a xenon lamp
may also be used as the light source. "

Distortions of the semiconductor film are reduced after undergoing the heat
treatment process as compared to the level present after the laser crystallization.
‘Patterning is then performed to form a semiconductor film 16 in a predetermined shape.

40 Electrical properties of a TFT can be made better provided that the semiconductor film is
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20 A heat treatnent process is then perforned by thernmal anneal i“?‘fg ”’tf‘g?»rf%n
anneal i ng furnace, or by RTA. Thernmal annealing using an annealing furnace
may be perfornmed at a tenperature equal to or greater than 5009C,
preferably within a range from 550 to 5759C, for between 1 and 30 m nutes.
RTA may besegen itormmdfacfugs. exanpl e, by turning on el even hal ogen | anps

(infrared i ght”l‘helﬁre‘é@r‘it RetAwnt ﬁtﬁzxxﬁi%t I8 stAOd qﬁrﬁ‘&ux‘éfmté}%la%%dhﬁ' RE&N
| anps 15 set. above t he suﬁ%({rat nltrogen at nosphere. The tenperature

can be maffédil BOY Hemgdleem ”é‘ﬁf”éﬁ@%‘ﬁ% $°Wi t h the RTA method, but the rate
of tenperature |ncrease and the rate of tenperature decrease may al so be
set from %%E’%l mn. Heat supplied fromthe hal ogen | anps is between
700 and 1 nea ured by a thernocouple enbedded . in_a silicon wafer),
and optimal heafrerbadivest OBFbG@é%PHQV%wEd%%RI‘ilB‘i"f%uSd‘i‘g Figp- immtoabdor dance
with factors suBistas bhdeeinsiladimesfibh 11 hefemed bhat @ibande tihe Ssiemiacordeichor

film “Sedglaér{‘ﬁl]ag’t&ﬁ%sa&?dn Iql%@& §u'B§‘t!Eaft‘ ﬁa%h@‘hétﬁq}a}ﬁsxﬂg&?%B{oﬁ%rtfe@% e Es%m%@ru?é ure.

Not e t hat rogen use nent node,
the i ner%ub@%@e]so sUeRthes Melvpyiatinga)m ioesed (198) 2 dhernapyidn f(mta)a ﬁhyorm o)
be usedo htiddfilm, a Sicom oaﬁdtrideClﬂﬂIﬁ ortthelikalionged dsafpdasiswmeuibemetilnni.

ul travi ol g, b ahl i 3R, HER 5,s7eXSHOM. L APoc /TR Ak 30 . HRRAAS e | oht

source. St or ons O sem C mare re uced a unaer gOI ng
t he heat butr digt weweting ddes magsaleompyt adstiusturhan| wiyish tHoegemorafloers take

| aser cr YElhﬁhétb@atN&la thatRﬁ& b@crermagamrﬁg 1€ map&iot BE MBEhddo fmglﬁbﬁqubqt1dte is
sem conduct qr; fa.l %

I f
a TFT can %e inyd this %e?cg1men rOVI aﬁ%%%?a@q& d%rf‘%% i85 form&:% e%tf{1¥1 clc:?e%%)g? ;%(5 es 0

€ 'sem conduct or mis JUL
2005 us]édnmrpfithsgmﬁwwba@mrbé usiMg@lasmaseniP- i nventi on havi ng the above stated

structure is epr @nfieshdubtof @S 108 RirhekUSH BE bhre BN 91ShoRe

bel ow. 5 [ Enbod i nent of the e t|nv nt.i o xpl ai ned
vsing 71 gy Rl Al RIRETLERY. Rl BaBir Rk 1) HERHhEACR B!

subst r at eplaoma SGNSY)r &oes & w@mlmduqola§§nls tevine ate sara@ighoifastirctyEhst Ib@ es
having i gé?ﬁlcbﬂcﬁfaﬁmfnﬁf M0isPoRRES tvluﬁsd BRI Rn&E TR S5 tHB0 e Etreadb%r @&ween

Furth | a filmf d I 10
e AL M Rl e R AL al B D,
i nsul at i ngy i§ ptefieratfie to formei dypisagi sslicwhownsiliver gerofanigh (Y Ga) silenglaad theyige.

struct ur e A@sitdishRASAidoRSHIAtV g d filtMhldnesdBits st id osMEADY RihshhlcWmRy al so
have a structure.in which two or nore layers are |amnated. Note that the

base i nsult $RECEMEM: may not be formed. A glass substrate is used inthis
enmbodi nent, andAa lsset | cystabizytivn rinetdod i ismthes fperfneded doa fénm na thigkibess of

150 lisngelﬁ@oﬁd&tcﬂlfﬁléﬁ ité@éftarﬁéuﬁhmoﬂ%agocpin@g%@c@@ atbo SERLGORAdacHer film
12 is forned nex En ?lnsu atmgg % %
using another known crystallization process (such as a fherma crystallization method).

An excimer laser is irradiated in this embodiment such that its light is formed into a linear

shape on an irradiation surface by using an optical system. The crystallinity of the

semiconductor film is thus increased, but a distortions 13 develop in the semiconductor
30 film due to the laser light irradiation.

A heat treatment process is then performed by thermal annealing using an
annealing furnace, or by RTA. The heat treatment process may be performed, for
example, by turning on the eleven halogen lamps (infrared light) 15 set below the
substrate, and the ten halogen lamps 15 set above the substrate, in a nitrogen atmosphere.

35 Heat supplied from the halogen lamps is between 700 and 1300°C (measured by a
thermocouple embedded in a silicon wafer), and optimal heat treatment processing
conditions differ in accordance with factors such as the states of the substrate and the
semiconductor film used. The operator may therefore suitably determine the
temperature. The RTA method is applied in this embodiment, and the heat treatment '

40 process is performed for four minutes at a temperature of 700°C in a nitrogen atmosphere.
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sem conductor film12 is formed using a known neans (such aszs%u“tterl ng,
LPCVD, or plasnma CVD) froma sem conductor film having an anor phous
structure. The sem conductor film12 is formed with a thickness from25 to
80 nm (preferably between 20 30 and 60 nr?. There are no limtations placed
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process (such as a thermal crystallization nethod). An exciner |aser is

irradiated in this enbodi nent such that its light is formed into a |inear
shape on &kmboedimgnal)i on surface by using an optical system The
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anneal nﬁgemsotrlngaeanusmg\ﬁwl i 2Drnace, or by RTA. The heat treatnent
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|aﬁBs 15 E‘[@f §Bb{’/ “éfﬁs%t%ﬁ@w %m?lsttﬁ*%g}‘éﬁ that r%fsﬁﬁ&@.er%eméaterd%
suppl i ed freored hecdmlsptgeimgi@mmnss bet ween 700 and 1300"" C (neasured by a
h | I

t her mocoupl e engg%ggg]ysk@ @ﬁh id g&ﬁ)rﬂ@ﬁg{ exe toafaﬂn%pf.‘%rg%hn@?eqﬁlcc]&lﬁcﬁl% Bk

processj ngg con accordance wth ¢ ReTst at es
of the ¥ W&EB@%WUPH@“EW&S REGeYsF aksp bfpgEeancdrHier yisBganaherigown
t her ef or ecsuiaflidatiyn gedessrisveh then tHearplecrgttal@aticth eneRDA). MeTHOEEcbBd alpghler ed in

this e”boﬂérfﬁﬁﬂﬁc wAd &E'LBY%‘%?%%{ B rfgl%l[ﬂattecfl?l} B{lg%ﬁﬁ)%dfn?enP%ﬁéhOFt&?gg Bdht figur

m nut es at er at ure ogen at m)sphe
distorti oﬁ%mieﬁ 1fifed JWARCHRAE DD FTAdAULRESUFI@ER 68 (PSHIZ &Y ORHAbSYtsRg The heat
t r eat ment cpsniiess dshe semizvedhicta filines tawsahcrpieg emnit tiaf dietortidhe I3aReElop in

ot ¥t alJd Gl BkondBaLE R0 Be LNENBSTARLIR, Lo forma sem conductor film

16 in a desire |es of a TFT can be nade better
provi ded t hat tﬁéttf‘s‘éwgd%ﬁ%f@tfﬂ@ﬁ NEKY tfhfpfs”ﬂ a semiseadycipriid@ Wanuf act ure of the

TFT. [Enbodi meniA BbatAusdingod paicedse dU el Opdtidiined thyo Rgr@hl am&anhgcmmgch@r |
L et s HPISEAS0S, oy TRERY 26° 11 AR BIECERR 1 LT LGaLHO LA
First, theedemed &513 tRngeratuae Perafrnerf grettor @en SA0%¢ c ok dwnoel aminedinghhethod
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The distortions in the semiconductor film are reduced after undergoing the heat
treatment process as compared to the level present after the laser crystallization. The
electrical properties of a TFT can be made better provided that the semiconductor film is

30 used in the manufacture of the TFT.

[Embodiment 3]
A method of reducing distortions of a semiconductor film that has undergone a
manufacturing process differing from those of Embodiments 1 and 2 is explained in this
35 embodiment using Figs. 3A to 3E.
First, the state of Fig. 1A is manufactured in accordance with Embodiment 1.
Note that Fig. 1A and FiOF 3A show the same state, and that the same reference numerals
are used in correspondmg locations.
A first heat treatment process is performed next, to Crvstalhze the semiconductor
40 film. RTA is used as the heat treatment process here. RTA may be performed, for
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[Embodiment 4]

A method of reducing distortions of a semiconductor film by heat treatment that

30 has undergone a manufacturing process differing from those of Embodiments 1 to 3 is
explained in this embodiment using Figs. 4A to 4D.

First, a glass substrate or a quartz substrate which each has a light emitting
property is used as the substrate 10. A glass substrate is used as the substrate 10 in this
embodiment.

35 - A conductive film is formed, and etching is performed to form a conductive film
21 having a desired shape. There are no particular limitations placed on the conductive
film material, and materials having thermal resistance are used. An element selected
from the group comsisting of Ta, W, Ti, Mo, Cu, Cr, and Nd, or an alloy or a chemical
compound having one of the aforementioned elements as its main constitu'ent, may be

40 used to form the conductive film. Further, a semiconductor film into which an impurity
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substrate and the ten halogen lamps 15 set above the substrate, are turned on in a nitrogen
atmosphere. Heat supplied from the halogen lamps is between 700 and 1300°C
(measured by a thermocouple embedded in a silicon wafer), and optimal heat treatment
processing conditions differ in accordance with factors such as the state of the

30 semiconductor film. The operator may therefore suitably determine the temperature.
RTA is applied in this embodiment, and the heat treatment process is performed for 3
minutes at a temperature of 725°C in a nitrogen atmosphere. (See Fig. 4C.)

The distortions in the semiconductor film are reduced after undergoing the heat
treatment process as compared to the level present after the laser crystallization.

35 Patterning is then performed to form a semiconductor film 24 in a desired shape. The
electrical properties of a TFT can be made better provided that the semiconductor film is
used in the manufacture of the TFT.

[Embodiment 5]

40 A method of manufacturing an active matrix substrate is explained in this
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and a thickness of 25 to 80 nm (preferably from 30 to 60 nm) by using a known means

(such as sputtering, LPCVD, or plasma CVD). There are no limitations placed on the
- semiconductor film material, but it is preferable that the semiconductor film be formed

-

~-

30 from a material such as silicon or a silicon germanium (SiGe) alloy.  Laser
- crystallization method is then performed to crystallize the semiconductor film. - Laser
crystallization may of course also be preformed after using another known crystailization
process (such as thermal crystallization, or thermal crystallization using a catalyst such as
nickel). A laser crystallization method is applied in this embodiment.

35 Pulse oscillation type or continuous light emission tvpe gas lasers, solid state
lasers, metal lasers, and the like can be used with the laser crvstallization method.
Lasers such as continuous oscillation or pulse oscillation YAG lasers, YVOy lasers, YLF
lasers, YALO; lasers, glass lasers, ruby lasers, alexandrite lasers, and Ti:sapphire lasers
exist as the solid state lasers. The gas lasers include continuous oscillation or pulse

40 oscillation excimer lasers, Ar lasers, Kr lasers, and C(0- lasers, while helium cadmium

12



5 al umi num borosilicate glass, typically glass such as Corni ng2 gor por a?| on
#7059 glass or #1737 glass, is used in this enbodi nent. Note that
substrates such as quartz subst r at es, silicon substrates, netallic
substrates, and stainless steel substrates having an insulating film

f or med onlaskes, sefpst vapoe Iswrd, acé golyvapbs isbe cas éd gheent:Becxampis rodtie: 326

Fur t her, i’asex@' agt fn%th%!d%tv!?tﬁ&t?ah?s\éf B&n@%ﬂﬁtté@%b&td ﬁﬁerp(fsgﬁgfog 1?%0&%9&5}%8 of

enduri ng t Qroce%ﬁf’ 8 eratures use may al so
be used. Ba R ?_La'f*raaféc BHMRARY HsBrEediAgd 19 'ihﬁﬁ%fatqﬁfn%t%r fdm mepn
oxi de fil b used ®I kaseom whichi te afavertnsear ara uséd. i Clore wysyalitatiodeohditiond say hen

f d h
: |O|r me 3 Z?F%Qfeltﬂpgaé‘%@ ng%ﬁ)e %ratl:)yv%u ?r)éeﬂulfet 6s‘c!ﬁfaHBI‘? fﬂeﬁuéﬁ%@% ?e%l b, Ao hpse

al so
be used, &RY hae @ﬁc‘rrmzﬁryedfinﬁﬂm St h@ﬁvf@ntmnaqdv@m w/@% (afnaé:amB froamnzﬁétt@d may
al so be u§edmlAsn? wliensin dxaiyedr lader ihesedas Bufthdrmhddcond kﬁgﬂdr%@ﬂn@ﬁ& Ridei de

film321 f t
film32lag &eﬁ%%?ﬁq]ﬁgérqg%@gogé§%ﬂeeéﬁ s0schiiubl ceBh s B LA P YobRE hoen
The silicéhd ﬂl?x ?ﬁfter“P’égé Genpify mhb?t@eﬁ@ﬁ%én%é()ﬂ%gﬂém Hirxpkendly Srasp 350 tm i n

tA;u S enhneotnaﬂt/cm%comp@sasm ®9anT edricontrabid mt@aﬁfmeﬁ shape/ Haviny a-wZA&%off"ﬂOH t%;;/ob
a secoR er, Lcon qxyn e film
havi ng a t }ﬁ éfosro%%a}%% %@O ggdo?s Ifhen 1r(rg’ tlhe 58 Heweséln i%@ gﬁ §¢ Ii%ﬁltenm is
formed by r&fh%t#ﬁai @@/wapﬁ@msrdm ﬂélﬁ@ONQ @Hézsan W@dém saito fgndwdincanthdpt Arimat ed
?n thg f]' ls¢tCl§Hﬂw@@WBOtath¢E%%:c |lf‘]7-ﬂd‘gl%3-alf aT&t?lt@ubas,cgﬂzﬂmmnh@erfu@l@qéd liRRm21R It S
ormed hayj ess_0 n i C i atio:
s =50 i R DO 8oy B Wik LT (2L IR i (HFAHERS o e
next on15t t@l%%‘éf/qm )m Angagetie thegendwdirdiativoro the lapeSRght aga sperdoendectdr fil m
.( s f]9r rfeglofl@fwtBQOg%c?i@ﬁﬂf‘@@@st%ﬂfdé%&ﬁk%nd@d’ﬂ& nd h'f&'ﬁﬁh‘%ﬁs of 25 to :3? nm
preferably fr such as sputtering,
LBvD, o o1 asmd ey e BRe pebipheior i SREERS Tk et Bt B0 SPdE
seni condughape t |f¢rm seaieeridakctor Bilrps 462 tosdQ6r ef er abl e t hat the seni conduct or
]Els | ge ;)e for rredL;iOhéart @ﬂ@h@nétﬁa l%c'e%![ 1s§5é9fﬁr1tﬁ§]d 2&»& lﬁ%e@&o @e(ﬁllcé 'd%@d‘m&‘%ﬂ@s@lium
i oy, Laser .. allizati od i.s t.hen perfor
crystal%a(J %é tPFlérrg‘glﬁlg r%i@?eérhéﬁ nﬁarﬂg‘;@ht B8 ?sttlefl gatpigo nﬁ%@)m&f“ cdifse
al so be prxfmoplaeide ataven habgtrglaamt(hﬁrangM) ty ytheldwi datsubsiratqrod éssteisuch

as ther rraha@%ftiﬁhlbé Zﬁltsbpﬁbov‘érthé hebdtBile, %yﬁbélthﬂné@tdn%t%ém AdCAS &yt
such as nic ase

taI | | zat i on
embodi mentP® b§éw%e§célain§t Wetgilﬁé ao‘fycl?nfﬁnpﬁ‘u%i ) gﬂhtge‘éﬁW%@I@ﬁerf“i}ﬁe gas
| asers, sbbtingesBatand dlaerw]s) et alitrdgas etmosphad. t hkeat sdpephccarfrolrrethasleaﬂamr_nt h
the Iasg lé%ﬁﬁ’ssfsadelt\!v&%t V(Qiqaﬁf?tlftﬁ?}dc ne%ﬁééb?‘écﬂﬂeﬁfo&ﬂﬁlte'é?l%é‘déec??rgs siighhon or

pul se OSCI||a§IO lgsers asers ers, glass
| asers 48 PQ“r“é‘ S FGRIMER PIOSESSINg cog ’(':'I‘O’W bhigerdageewah faslpist as
t he sol i dssthabe thasets.ofTihe gaamccbraﬁem filnc| uble: opationuaug tbsefdré auitawiyor

pul se 40 gsgeihiat thnteﬁgﬁl'ﬁgrEJ U%ﬁ)%ggr %nglﬁéﬁﬁg a Klasd %?ﬁu%tlor‘?”}go&\fgg l;agers,

while heliumcadmum1
preterable that the heat treatment process be at a temperature on the order of 700 to 750°C

30 for 5 minutes or less. Heat is frradiated for 4 minutes in a 700°C nitrogen atmosphere in
this embodiment.

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

35 A gate insulating film 407 is formed next, covering the semiconductor films 402
to 400. The gate insulating film 407 is formed by an insulating film containing silicon
with a thickness of 40 to 150 nm using plasma CVD or sputtering. In this embodiment,
a silicon oxynitride film having a film thickness of 110 nm (composition ratios: Si =
32%; O = 59%; N = 7%; H = 2%) is formed by plasma CVD. The gate insulating film is

40 of course not limited to a silicon oxynitride film, and other insulating films containing
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30 constituent, or from a chem1cal compound of these elements. Further, a semiconductor
film, typically a crystalline silicon film, into which an impurity element such as
phosphorous is doped may also be used, as may an AgPdCu alloy. In addition, the
following may also be used: forming the first conductive film by a tantalum (Ta) film and
combining it with the second conductive film formed from a W film; forming the first

35 conductive film by a titanium nitride (TiN) film and combining it with the second
conductive film formed from a W film; forming the first conductive film by a tantalum
nitride (TaN) film and combining it with the second conductive film formed from an Al
film; and forming the first conductive film from a tantalum nitride (TaN) film and
combining it with the second conductive film formed by a Cu film.

40 Masks 410 to 415 are formed next from resist using a photolithography method,
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30 417 to 422 become thinner by approx1mately 20 to 50 nm through etching.

A first doping process is then performed without removing the resist masks (see

Fig. 6A). The doping process may be performed by ion doping or ion injection. lon
doping is performed with process conditions in which the dosage is set from 1x10" to
5x10% /em®, and the acceleration voltage is set between 60 to L00 keV. Doping is
35 performed in this embodiment with the dosage set to 1.5 10" /cmz, and the acceleration
voltage set to 80 keV. An eclement belonging to the group 15 of the periodic table,
typically phosphorous (P) or arsenic (As) is used as an impurity element which imparts
n-type conductivity. Phosphorous (P) is used here. In this case the conductive films
417 to 421 act as masks with respect to the impurity element which imparts n-type
40 conductivity, and high concentration impurity regions 306 to 310 are formed in a
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30 shape conductive films 435 to 438 as masks. Insulating layers 439 to 444 are thus
formed. (See Fig. 7A.)

Next, new masks 445a to 445¢ made from resist are formed and a third doping
process is performed. Impurity regions 446a to 446¢ and 447a to 447c, to which an
impurity element which imparts a conductivity type opposite to that of the above single

35 conductivity type is added, are formed in accordance with the third doping process in the
semiconductor films which become active layers of the p-channel TFTs. The second

- conductive films 435a and 438a are used as masks with respect to the impurity element,
and an impurity element which imparts p-type conductivity is added to form the impurity
regions in a self-aligning manner. The impurity rcgibns 446a to 446¢c and 447a to 447¢

40 are formed by ion doping using diborane (B,Hg) in this embodiment (see Fig. 7B).  The
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sel f - bi aprefetabbgen usa pelss oseidytiorbiype he Qomlnupus oscillation type gas lasers, solid
state lasers, metal lasers, and the like for laser annealing. Note that pulse oscillation or

continuous oscillation lasers such as YAG lasers, YV Oy lasers, YLF lasers, YAIO; lasers,
30 glass lasers, ruby lasers, alexandrite lasers, and Ti:sapphire lasers exist as the solid state
lasers. The gas lasers include continuous oscillation or pulse oscillation excimer lasers,
Ar lasers, Kr lasers, and CO- lasers, while helium cadmium lasers, copper vapor lasers,
and gold vapor lasers can be given as examples of the metal lasers. It 1s necessary that
the laser light energy density be on the order of 0.01 to 100 MW/cm® (preferably between
35 0.01 and 10 MW/crnz) if a continuous oscillation laser is used, and the substrate moves
relative to the laser light at a speed of 0.5 to 2000 cm/s.  Further, it is preferable that the
laser energy density be from 50 to 1000 ml/cm® (typically between 50 and 500 ml/cm’)
with a frequency of 300 Hz if a pulse oscillation laser is used. Irradiation may be
performed at this point with an overlap ratio set between 30 and 98%. An activation
40 process is performed by a heat treatment process using an annealing furnace in this
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TFT (pixel TFT) are thus etched to formthird shape conductive filns 4J5
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formed fre@pmadisudéd i nsulating filmcontaining silicon, having a thickness
of 100 to 200 nm E%/{ usi n‘? gl asr’rﬁFC\/D or sputtering, A silicon oxynitride
filmhaving a tfiCRHOPBYNE SoPcHIFF [Plectipr.ntel spifacepdias ixebvicireds isi made
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films ar Q?f the convex portion can be performed by the same photomask as that for forming the
TFT5, and therefore it can be formed without increasing the number of process steps.
Note that the convex portion may also be formed appropriately on the substrate of the
30 pixel portion region except the wirings and TFTs. In this way, unevenness is formed in
the su;face of the pixel electrode along the unevenness formed in the surface of the
insulating film which covers the convex portion.
A film having a level surface may also be used as the second interlayer
insulating film 462. In this case, it is preferable that the surface be made uneven'by an
35 added process such as a known sandblasting process or etching process to prevent
specular reflection, and thereby increasing whiteness by scattering reflected light.
Wirings 463 to 467 for electrically connecting respective impurity regions are
then formed in order in a driver circuit 506. Note that a Jamination film of a Ti film
having a thickness of 50 nm and an alloy film (an alloy of Al and Ti) having a thickness
40 of 500 nm is patterned in order to form the wirings.
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performed next by a heat treatnent process, as shown in Fig. 7@ 8!\/!51%0%@5
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30 region or a drain region. Further, an impurity element which imparts p-type
conductivity is added to the impurity regions 447a and 447b, respectively, which function
as one electrode of the storage capacitor 505. The storage capacitor 505 comprises an
electrode (lamination of 438a and 438b) and the impurity regions 447a to 447c, with the
insulating film 444 functioning as a dielectric.

35 Edge portions of the pixel electrodes are disposed so as to overlap with source
wirings such that gaps between the pixel electrodes block light, without using a black
matrix, with the pixel structure of this embodiment.

An upper surface diagram of the pixel portion of the active matrix substrate
manufactured by this embodiment is shown in Fig. 9. Note that the same reference

40 symbols are used for portions corresponding to those in Figs. 5A to 8. A chain line A-A
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insulating film461. An acrylic resin filmhaving a filmthi ckngsgs ‘Jol‘p" 2005
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functions as one ormn st'orage capacitor. It is preferable
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t he pi xel u f [EF:501
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can thus bawked REBAcdA SR dsubs hndtiR. piddlelatbly @70 be shielded from light.

Each of the coloring layers are arranged such that the light shielding portions made from

30 the lamination of the coloring layers are formed in positions that must be shielded from
light, and then are joined to the opposing substrate.

It is thus made possible to reduce the number of process steps by performing
light shielding of the respective gaps between the pixels by using the light shielding
portions, composed of the laminations of the coloring layers, without forming a light

35 shielding layer such as a black mask.

- An opposing electrode 576 made from a transparent conductive film is formed
on the leveling film 573 over at least the pixel portion, an orientation film 574 is formed
over the entire surface of the opposing substrate, and a rubbing process is performed.

The active matrix substrate on which the pixel portion and the driver circuit are

40 formed, and the opposing substrate are then joined by a sealing material 368. A filler is
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Next, an opposing substrate 1068 is prepared. On the opposing substrate 1068,
there are provided color filters that a coloring layer 1074 and a light shielding layer 1075
are arranged with respect to the respective pixels. Further, the driver circuit portion is

30 also provided with a light shielding layer 1077. A leveling film 1076 is provided to
cover the color filters and the light shielding layer 1077. Next, in the pixel portion an
opposing electrode 1069 is formed from a transparent conductive film on the leveling film
1076, a orientation film 1070 is formed on the entire surface of the opposing substrate,
and a rubbing process is conducted thereon.

35 Then, the active matrix substrate on which a pixel portion and a driver circuit are
formed is stuck with the opposing substrate by a sealing material 1071. A filler is mixed
in the sealing material 1071, and the two substrates are stuck with ecach other while
keeping a uniform gap by this filler and the column spacer. Thereafter, a liquid crystal
material 1073 is injected between both the substrates to seal the substrates compietely by

40 a sealant (not shown). A known liquid crystal material may be used as the liquid crystal
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An active matrix substrate in the state of Fig. 8 is first obtégﬁeAU’-nZGBS
accordance wth Enbodinent 5, an orientation filmb567 is then fornmed on at
| east the pixel electrode 470 on the active matrix substrate of. Fig. 8,
and a rubbing process is perforned. Note that, before formng the
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per f or med Stahefremt |avetr1 r Exclgtibst flatce (phosphprsheenbe pixke apor\mﬁbnoan@mt he

driver ci eRuirbluafifescdeflinh@d: aﬁi@ctohﬁ@u@dwoaﬁa REnGURSt bAb&haliehdAeRal oL ned
by a seallne(:‘;j material 568. Afiller is 20 2 8 JUL 2005 m xed into the

seal i ng material 568, and the tvvo substrates are joined while maintaining a
uniformgap in Fovberancealhilayers Hernfdd betweamdint iedeoiuhn shiaple spackgls. A

i quid 27 ¥afitdhe dﬂtﬁﬁé{t'zﬁ‘& d@ﬁﬁed s br%‘a'ﬂld Hglﬁcérﬁﬂlr%efd%ﬁnwhﬁ%ﬂh?‘s“&%ﬁ:ffﬁ%@@n and
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2 layers. Light emitting elements basically have a structure in which an anode layer, a
light emiiting layer, and a cathode layer are laminated in order. In addition to this
30 structure, other structures can also be used, such as one in which an anode fayer, a hole
injection layer, a light emitting layer, and a cathode layer, or one in which an anode layer,
a hole injection layer, a light emitting layer, an electron transport laver, and a cathode are
laminated in order.
A driver circuit 605 having an n-channel TFT 601 and a p-channel TFT 602, and
35 a pixel portion 606 having a switching TFT 603 and a current control TFT 604 are formed
in the active matrix substrate shown in Fig. 12.
A base film 611 is formed on a substrate 610, and the TFTs are then formed by
forming channel forming regions, source regions, drain regions, LDD regions, and the
like in semiconductor films on the base film. The semiconductor fiims are formed using
40 the present invention, similar to those of embodiments 1 to 6.

22



B JUL 2005

device shown in Fig. 10 is thus conpleted. The active matrix sud%trate or
the opposing substrate is then cut into a desired shape if necessary. In
addition, a polarizing plate (not shown in the figure) is attached to only
t he opposing substrate. An FPC is then attached using a known technique.
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forming the LDD region.
An LDD region 634 (634a, 634b), and a source region or drain region 639 are
thus formed on the outside of a channel forming region 671 in the n-channel TFT 601,

30 and a portion 634b of the LDD region 634 is formed so as to overlap with the gate
electrode 628. The p-channel TFT 602 is given a similar structure, and is formed from a
channel forming region 672, LDD regions 656 and 657, and a source region or drain
region 655. Note that although a single gate structure is used in this embodiment. a
double gate structure or a triple gate structure may also be employed.

35 In the pixel portion 606, the switching TFT 603 formed by the n-channel TFT is
formed having a multi-gate structure in order to reduce an off current, and an LDD region
637 (637a, 637b) and a source region or drain region 642 are formed on the outside of a
channel forming region 674. Further, LDD regions 636 and 657, and a source region or
drain region 655 are formed on the outside of a channel forming region 672 in the current

40 control TFT 604 formed by the p-channel TFT. Note that although the current control
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Note that the reference numeral 711 denotes a pixel electrode (anode of the light
emitting element) made from a transparent conductive film. A compound of indium
oxide and tin oxide, a compound of indium oxide and zinc oxide, zinc oxide, tin oxide,
30 and indium oxide can be used as the transparent conductive film. Further, gallium may
also be added to the aforementioned transparent conductive films. The pixel electrode
711 is formed on a level interlayer insulating film 710 before forming the
above-mentioned wirings. It is extremely important in this embodiment to level steps
due to the TFTs by using the leveling film 710 made from a resin. The light emitting
35 layers formed later are extremely thin, and therefore light emitting failures may occur due
to the existence of steps. It is consequently preferabie to perform leveling before
forming the pixel electrode so that the light emitting layers can be formed on as level a
surface as possible.
A bank 712 is formed as shown in Flg 13 after forming the wirings 701 to 707.
40 The bank 712 may be formed by patterning an insulating film containing silicon, or an
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out si de ofis egual to or less than 20 or the molecular length is less than or equal to 10 xm, are taken

30 as intermediate molecular weight organic light emitting materials. Furthermore, a
lamination structure in which a polythiophene (PEDOT) film having a thickness of 20 nm
is formed by a spinning application method as a hole injection layer, and paraphenvlene
vinylene (PPV) film having a thickness on the order of 100 nm is formed as a light
emitting layer on the hole injection layer, may be taken as an example of using a high

356 molecular weight organic light emitting material. Note that light emitting wavelengths
from red to blue can be selected if 3 cojugate polymers of the PPV are used. Further, it
is also possible to use inorganic materials sach as silicon carbide as electron transport
layers and electron injection layers. Known materials can be used for these organic light
emitting materials and inorganic materials.

40 Next, a cathode 714 is formed from a conductive film on the light emitting laver
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718 in this embodiment.

30 A light emitting device having a structure like that shown in Fig. 13 is thus
completed. Note that processes from the completion of the formation of the bank 712
through the formation of the passivation film 716 may be performed using a
multi-chamber (or in-line) film formation apparatus. This is effective in processing in
succession without exposure to the atmosphere. Further, it is also possible to make

35 additional advancements such that the processes up through the bonding of the covering
material 718 are successively performed without exposure to the atmosphere.

The n-channel TFTs 601 and 602, the switching TFT (n-channel TFT) 603, and
the current control TFT (n-channel TFT) 604 are thus formed on an insulator 501 having
a plastic substrate as a core. The number of masks necessary for the manufacturing

40 process up to this point is less than the number for a conventional active matrix light
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are taken
printed wiring board (PWB) may also be attached to the FPC. The light emitting device

30 in this specification includes not only the light emitting device body itself, but also the
state in which an FPC or a PWB is attached to the light emitting device body.

The cross sectional structure is explained next using Fig. 14B. The pixel
portion 806 and the gate side driver circuit 807 are formed on a substrate 700. The pixel
portion 806 is formed by a plurality of pixels containing the current control TFT 604 and

35 the pixel electrode 711 electrically connected to the drain of the current control TFT 604.
Furthermore, the gate side driver circuit 807 is formed using & CMOS circuit in which the
n-channel TFT 601 and the p-channel TFT 602 are combined (refer to Fig. 13).

The pixel electrode 711 functions as the anode of the light emitting element.

Further, the banks 712 are formed in both edges of the pixel electrode 711, and the light
40 emitting layer 713 and the cathode 714 of the light emitting element are formed on the
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Note that it is possible to freely combine this embodiment with Embodiments 1
30 to 6.

[Embodiment 9]

' A light emitting device having a pixel structure tha: differs from the pixel

structure of embodiment 8 is explained in this embodiment. Fig. 15 is used for the
35 explanation.

A TFT having the identical structure as that of the n-channet TFT 601 of Fig. 12
is used as a current control TFT 4501 in Fig. 15. A gate electrode of the current control
TFT 4501 is of course electrically connected to a drain wiring of a switching TFT 4402.
Further, a drain wiring of the current control TFT 4501 is electricallv connected to a pixel

40 electrode 4504,
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preventing effect. Furthernore, a glass substrate, a quartz s%bstj%lt G a
plastic substrate (including a plastic filnm) in which a carbon film
(preferably a dianond Iike carbon filn) is fornmed on both the sides of the
substrate is used as the covering material 718 in this enbodinment. 30 A
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l ogic circuits such circuirt, a 10 D/ A converter, an
oper ati onal anpfiilfgheemitipge Hé?n&ﬁ?We@thB}?l?ﬁF PEUiE tPoBH upHBroyghnthe [esTRAeDr | n
accor dancef tht tzhodesOan Woaethdt the Gight @aRsse abtmthd 4508 mhatioredhere limliadel 4 i on,
menory c M 4 14B
e used TGttt O SRR 4308 2 Rl S TR s I a0 e e
perforrﬁonﬁlqdﬁéﬁ ocess t hrough a sealing (enclosing) step for protecting
15 the light enittit effgcibleaogitbside Nojagsivhiatn filae 4568 o5 anee compRredy sowseatk i n

Fig. 13 af &taén%%eégﬁ ét;tna,ﬁhgsfrh%ﬁﬁh&{'ﬂm%‘lﬁm 56k i<l Pt 30 (RS Hih{ ace

di agram s oW erformance o ght
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cut- al ongingulhiing f@gRBREd Gs G sinfef @y@ncead b M alai8P 1aywh e bymeindtodet t ed
i ne de,%of ggr a source side driver circuit, reference nuneral 806 denotes a

pi xel “portion, and reference numeral 807 denotes a gate side driver
circuit. Furt he}n addifigp.eh Gealant 4509 is provided on the passivation film 4508, and a

covering material 4510 is joined. An ultraviolet setting resin may be used as the sealant
i 4509, and it is effective to provide therein a substance having a hygroscopic effect or a
substance having an oxidation preventing effect in the inside. Furthermore, in this
30 embodiment, a glass substrate, a quartz substrate, or a plastic substrate (including a plastic
film) in which a carbon film (preferably a diamond like carbon tilm) is formed on both
the surfaces 1s used as the covering material 4510.
~ Note that it is possible to freely combine this embodiment with embodiments 1
to 6.
35
. [Embodiment 10]

An example of manufacturing a liquid crystal display device using the present
invention is explained in this embodiment while giving an example in which the TFT
structure differs from that of the active matrix substrate manufactured in embodiments 3

40 and 8.
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nuneral 901 denotes a covering material, reference nuneral 902 a%not es a
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‘ the p-type conductivity imparting impurity element is not added to the semiconductor
30 film. An LDD region is not formed in the p-channel TFT in this embodiment, but it may

of course be manufactured.

An LDD region 530 and the source region or drain region 531 are thus formed
on the outside of a channel forming region 529 in the n-channel TFT 503. The
p-channel TFT 502 is given a similar structure, and is constituted of a channel forming

35 region 527, and the source or drain region 528. Note that although a single gate
structure is used in this embodiment, a double gate structure or a tripie gate structure may
also be used.

In the pixel portion 507, the pixel TFT 504 formed by an n-channel TFT is
formed using a multi-gate structure with the aim of reducing an off current. An LDD

40 region 533 and the source region or drain region 534 are formed on the outside of a
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be used as the material of the plastic substrate 901 t hat cor%p tjwfe%”f’he
covering material 901. 20 After bonding the covering material 901 using
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evaporation o |.icati on, a nbod]

Speci f i caF‘ICE}ng Fgﬁflﬁﬁﬂ%ﬁ IEF’E? G §n€§{g’d Cﬂ“ﬁﬂ?% mge d?’?rﬁflﬂ'ﬁ?tfrfm%ﬁde 10
(Li F) - fdd Mma\ﬂt@gda{lextmf@kn@gmgfthﬁatcmmglgs fothethdddz.an el ectron injection
layer, and a PPY cdnRQtiwRahapieMkeRehdt AYhede) shhkdNiawiasuan thigkness of

ERTER A E SN iR Ak e %@a' on
t he | i ghtnagmi subistigie lcary dius #80&rmed. conductive fil m nmade from a chem cal
conpound of Processes for manufacturing an active matrix liquid crystal display device using
25 the active matrix substrate of Fig. 16A is explained. Fig. 16B shows a state in which the
active matrix substrate is joined to an opposing substrate 554 by a sealing material 338.
First, column shaped spacers 551 and 552 are formed on the active matrix substrate in the
state of Fig. 16A. The spacer 551 formed in the pixel portion is formed overtapping
with a contact portion on the pixel electrode. Although depending upon the used liquid
30 crystal material, the spacers are formed with a height of 3 to 10 um. A concave portion
is formed in the contact portion corresponding to a contact hole, and therefore disorder in
the orientation of the liquid crystals can be prevented'by forming the spacer in the
concave portion. An orientation film 553 is formed next, and a rubbing process is
performed. A transparent conductive film 555 and an orientation film 356 are formed on
35 the opposing substrate 554. The active matrix substrate and the opposing substrate are
then joined, and a liquid crystal material 557 is injected therebetween.
The active matrix liquid crystal display device thus manufactured can be used as
a display device for all types of electronic equipment.
Note that it is possible to freely combine this embodiment with any of
40 Embodiments 1 to 6.
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15 indium oxide and tin oxide or froma chem cal conpound of |21§| am o26 8Ie
and zinc oxide 1is used as the transparent conductive filmin this
enbodiment. A light emtting elenent 4507 is conplete at the point up
t hrough the formation of the anode 4506. Note that the light emtting
el ement 4507 nentioned here indicates a diode forned by the pixel
el ectrodeﬁE{n cat hode%) 504, the light emtting |ayer 4505, and the 20 anode
4506 Ofifrgféq 1\} to provide a passivation film4508 so as to
conpl etely coven thiseembaidghente temmgleedfdnmmg%@ﬁghtﬁmtméeweﬁt usong e m
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cryst al a){ devi e using the present’  invention is this
enbodi merﬂre Blpugvi ng an exanpl e in which the TFT struct ure differs from

that ofist he actAVighrgtriitngSubst45a6eis ramuddact wiedixen eeaﬁa@&ﬁ a8t Nde B0, and
8. 29 2 8, o € N Xesupsty hown 16A.i s formed
by the dr |1t\1/lglr1 %lgggl o g%%f 1 gh%%l llnx% P§ ﬁ% fi%m%}lL—nF t:‘; GBQP%%de* cthg'nnel
TFT 502, @FHgnhys ifq{éleﬁl%ﬁn %?HQI@FPDSWthOﬁa&\ﬂdn‘g C@ﬁ@apmﬁ@pdﬁmefg@hhfandptrhe

storage capdtg bethd@ Y émbodinen n@oh&%tdﬂﬁtaﬂaﬂﬂdtm&lcﬂlla1StLﬁse@ dlchaRatt:ne
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gate wirings, anne formn egions, *8dlr €& 1€yi ons
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t her eby flgrpmm@dttha%n'{é:'ﬁ% ligheamremnduesor films are fornmed as in

Enbodi ment s resent 1 nventi te Wri ng 512 to

t he
517 are forrred avf%n Xno h%@E dgl%oqm iﬁan?p(?r%ﬁo%{’}\cmﬁﬁh P ]i"ré’yléiﬁfi Z%EO nm
and the eége eﬁb'i’fltﬂgdﬁbffeﬂrSQDf olmibd case efsthiscenzndémentt aperddiish e rnsmdL of &

compound of indium oxide and tin oxide or a compound of indium oxide and zinc oxide
25 1s used as the transparent conductive film.
When the anode 4506 is formed, a light emitting element 4507 is completed.
Note that the light emitting element 4507 described here indicates a diode composed of
the pixel electrode (cathode) 4504, the light emitting layer 4503, and the anode 4506.
It 1s effective to provide a passivation film 4508 so as to complletely cover the
30 light emitting element 4507. The passivation film 4508 is made from an insulating film
including a carbon film, a silicon nitride film, or a silicon oxynitride film and used as a
single layer of the insulating film or a laminate as a combination thereof.
Further, a sealant 4509 is provided on the passivation film 4308 and a covering
material 4510 is bonded thereto. An ultraviolet curable resin is preferably used as the
35 sealant 4509 and it is effective to provide a material having a moisture absorption etfect
or a material having an anti-oxidant effect in the inner portion. In this embodiment, a
glass substrate, a quartz substrate, or a plastic substrate {(including a plastic film), in which
a carbon film (preferably, a diamond-like carbon film) is formed on both surfaces is used
as the covering material 4510.
40 Note that this embodiment can be freely combined with Embodiments 1 to 6.
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order to increase the step coverage of filnms forned on top. ;%e angl e of
the tapered portion is from5 to 302, preferably from15 to 25. The
tapered portion is formed by dry etching, and the angle is controlled by
etching gas used and a bias voltage applied to the substrate. 15 Further,
inmpurity regions are formed by the first through third dopi ng processes.

The first j ss is perforned first, formng an LDD (lightly doped
dr ai n) &Iﬂg]%bﬂg?@?ﬂ{%%fn channel TFT. lon doping or ion injection my be

per f or rred as the"adMR cirittrod. thppoeprertiondormd by impldwdntans e inmptipit y
el enment t hah benpad s varidysPEectRORSILGT i itds ((a&@&ftoﬁl).mlxaﬂge fliqh?dt cﬂyﬁfﬁu&h My |
r egi ons a_mmask { t he channe
formi ng ?glgl"%ﬁg“g‘gg“% g‘ é’%ﬁrﬂ%e& aﬁpﬁ‘?? K Iﬁ'ﬁtﬁ]tx txge E%‘ Cégc'?lﬂysécmﬁl%‘ﬁ”édded
t o regi ondYRhiaght sEiEns displaysisuicek rH@t@nﬁleamBedfr aventioagicors i58EmENtEd584 of

the n- chamnglelcbirdnicApp@atuaBSHitdesatd PR IR th CAYALI-HYidaNge\GRAND lsp 0 HBHG
regi on anqhér LDD region of the n-channel TFT, and the second gopl ng

process is perfornmed, formng the source regions and drain regions 531 and
534 of the n-cha¥ngichTeactrops: ApErouing eheregirorpodrtedioal n vidgi oam&aBa dfigitde

p-channed cinérd, § prGEEBE alad Iﬁﬁ)uhmhrsﬁiay@ yBE @fsﬁﬁ@’) a’otrér 'nﬁﬂ%étﬁ&x%a@éeﬁ{mm
that inparts pé?lﬁ@e condu t| Vi t (acce ?e s ed by ion g of ion

i nj ecti on “p&tf OF ed? 28R o el loi‘1 thfle*ﬂhéI&OBl fmputer,
seni condugeoeblEit¢leptione of nlgcltrtbmc he@lhamdelhe rﬂt‘eT dxatriples g ohast aresshdwhlieFef. or e

the p- typqsmnag&hfghlmptm Imgzafhwg% I9TPMId 1f1 ﬁh@{m&toh'fo@ot added to the
senm conduct or |on isn ': {orme inthe )p channel. TFT in

f| I

thi s enbodi rrent R}ho% pebsl‘m cﬁ?@é‘taﬁén % agtain Befly AL BDmaggi B 530
and t hels@ortim 3(&3; @rdlscpitayotvcatlm BeQi aml HBdytemel 300ds flderimebntion it hepliouitlsi de
of a chanm@khef(ggﬂn%rflglggmg 529 in the n-channel TFT 503. The p-channel
TFT 502 is gi ve% ]%l_?m structure, and IS constID ted of a channel
form ng 35 regi of¥'5 % 7 Kie sarer BFludmg -ymady gHH, anpgriay petion
al t hough 218kmgleicgatpat psttionctiiB eopesatitmedviiched Bl 4, enhodiyn®NLS, ard doiabige gat e
structure e i xel

r@d’elwﬁné pb b 39@6 'Fllier M%ﬁﬁo‘ﬁ d?ﬁ?ﬂm%l@ % ﬁ% dl%?ﬂr_l\ci__dfﬁoﬁ Qﬂ% :

portlon 507 forme rmed using
a multi2Qate st ﬁ:ugt fﬁé,- W‘f’ﬁ £\ H@bé{? rRO8T eédﬂﬁliuﬁ’@ ah ToFP Radyr &+l daRTED 40

regi on 53poaih 32, aplmage regivary portidi 3203, @gb@natkddsvated 3uned ooisplae
out st de_0fofici0s8s8 HiLy géomgppﬁéab CRELRGLESALAR B33, An I nt et ayer

|nsulat|né)0|Im|s f or ne I nter I nsul filmb540, which
has a thi ckness fé¥ Wﬁ@%e gogelsrigpe §1Sﬁﬁdemf:1|usm=a¢1n1dﬂfobg Pe0 et 4Pl such

as sili annrtcom 3802 andl bih ann poitioni 3363. OThsidvesiuh ©X¥Hlidabiede thadigplay seciond
interl a%l %sul ating film5 541, which is made froman organic iInsulating
mat eri al such as polyimde, acrylic, polyimde amde, or BCB

(benzocycl obut ekés-, 1%@@@%%&6&%@* using iantespidayradiymsigbardpdgvith programs

(hereinafter, referred to as record medium) including a main body 3401, a display portion
3402, a speaker portion 3403, a record medium 3404 and an operation switch 3405. The
player uses DVD (Digital Versatile Disc) or CD as the record medium and can enjoy

30 music, enjoy movie and carry out game or Internet. The invention is applicable to the
display portion 3402.

Fig. 18F shows a digital camera including a main body 3501, a display portion
3502, an eye contact portion 3503, operation switches 3504 and an image receiving
portion (not illustrated). The invention is applicable to the display portion 3502.

35 Fig. 19A shows a front type projector including a projection apparatus 3601 and
a screen 3602. The invention is applicable to a liquid crystal display apparatus 3808
constituting a portion of the projection apparatus 3601 and other driver circuit.

Fig. 19B shows a rear type projector including a main body 3701, a projection
apparatus 3702, a mirror 3703 and a screen 3704. The invention is applicable to a liquid

40 crystal display apparatus 3808 constituting a portion of the projection apparatus 3702 and

33



S UL 2005
filmcan be satisfactorily nmade flat by form ng the second |r$t8erT‘ayer

insulating filmmde froman organic insulating material as described
above. Further, organic resin materials generally have |ow dielectric
constants, and therefore parasitic capacitance can be 10 | owered. However,

t he or ganp@e‘f’@%‘feﬁcﬁﬁlﬂlérl al s have hygroscopic properties and are not sui ted

to be used as pF@ﬁtl%ftFl\g91©C|1€Y§ v1éﬂ%6vhﬁ%%ﬁ%& ﬁ;e dfsd ﬂ?u%fu‘?é aphif r8 cEQAPI ne

t he secon teI [ m first in ayer

i nsul ati n9 Ra‘r{l 2@ el“ﬁ‘s%?gg 91931 é%r %“‘15%9% ’5%‘39%‘3‘3&?’%["& %efiﬁ%@‘dml n

t hi s enbodpifedins i 1nont 32 goednsofutqt ot @iglitsguicheptich ayreh 3RO, mingry BYZONS
527, 52% 3@98@8&r0l}-@1 3\8(15@52! §irch1r6?£s Km'r@r ﬁ@f?»m%dprﬁ?ﬁ(%&')ﬁ ﬂll@gig%iﬁéﬂ rﬂlﬂag%
pattern, and %g(fgn 3 & % he ‘'squrce regl

regi ons f YIS % P @Ssepdé Prepes §8 atrk f BFOIeqop RS s YiEMRASA0- D e

et chi ng i sropstibooptidalisgstemddi1Otie CﬁlDSl’Elll]IltEdhby aompécdl shak@sinclldinghi gojecase t he
second i nieRk| ayBhoi ghsHk atdbRdinkdnt @Ecﬁéglanr@&ﬁ:pié mh?eg %9@%8 tpgéfnp &m[e‘ﬁf' al

is etched flrs I as, o
i nterlayef® A B?rélf?lﬁagflﬂmﬁ?é(ége g@ob‘ftsméf ea nfé’itexé’F‘PE% CRASY Rl hwe
et chi nglly&urthes, Cparsamal etecuidng thndudbitineenetag| dettmehily pravedd hiespticar s nby

sputterin r r a f

i ngs 5%&& as\éﬁ ﬁ%lé&iﬂé% fﬁﬁi %ﬁ/me% éﬁ&%ﬁi%ﬁl&n%ﬁ!ﬁoﬁ 5&1% r}of §d]mq{)g‘3dp}%d§@can
thus be f %@CCPF%L%Q I &p OPF&}%PﬁétS%?WIhBY él‘rﬁo‘éiéTﬂEI"%mrﬁalEr]i%@ liquid crystal
di spl ay devi ce Heitlrey, Fig512hés @aciciwshomidd dkexatysd 64 @rnafturEio thelitoht kSurce

expl ai nedoy g0, 1B-800YPER., The eéﬁgbbmgw o ARELIC IR Sontbstfat e 1S

j-oi ned to g 0S| N St at e
col urm $hipEm g%l:égr%on%tllteéln@’ 55‘32138% Bbk ﬁé&%ﬁowrﬁ%oﬁﬁ |1¢/fé5 weps PRl anbt rat e
in the sB8&t% aopolkiigatioh6ddnvdR®nsamett it frdr mestukingtibes BBKE| POttt QRe 1 S

formed ovg gﬂtassmc@g)pnx\m Cf';sf@m SHabAGh rlbg)fa oA M@@pnaqig nae KRG fbo%lmeN { hough

dependi ng_Upon .t he ‘use pacers are Mdr med
with a helgfhpargeularly émwdmﬁet% B amplsorat PeFD Ph emuﬁ@a they emh@dmt act

porti ?n C O%aly EEpOMit IR gpoide @Iom)tpa@;n @@deﬁa, sadhd ad ﬁﬁ:@ftﬁﬁﬁléﬂﬂssﬁrﬁlﬁﬁ uﬁ{amotbe
orien revent ed e .spacer
: 3§d g&al%atlogefub!:t%]n % f: fn¥ %or 2 mgn PIHD %:‘.jre]f ‘}’]ﬂ@% rPH% thgr‘}a;l?

n the Anor T ent
r ubbi ng p?%%@qcél sygert-or med. A transpar ent conductl ve film 555 and an

orientation fil Hb@éaeraﬁ@omﬁ@wth@rpréﬁéczmesh@@a%I,Fr@ @@J;bsw@m 55(4 thd@8s

active m Supstrate.an strate are n nd a
liquid cr %/H;Ot% naatS%r(?afaFSI%%'/a |r§m?“ﬁ£§%ﬁ‘ &3& ﬁfé?té%f v@g'ﬁramfh’@mgé?l mﬁg?t PF

liquid cr ?mlﬁngdlrsfﬂﬁcﬁyndﬁlﬁlQ}.@tiloh@sapmtlﬂﬁaﬁcmjnlé@tmmd be used as a display
devi ce gsor al | FﬁgpgﬁA%ho@E@?}bft@lﬁlb%l@[ﬁ%h@'f@'ﬂldm hﬁlﬁb@é 3do1l § vBRS SLBuE tO

freely co i.ne Enbo nts

JUL 2085 E‘% u3t9§%’n? "fi‘je ’I“R“E Rt i“og%% ?rglﬁﬁplaYaPPfEQ% OP%‘FH%@WP%%
| i ght em QQS{}gldd@\AI]@@lng SPAG t Hlee invention is applicable to the dl%pldv portion 3904,

: Fig. 20B shows a portable book (electronic book) including a main body 4001,
display portions 4002 and 4003, a record medium 4004, an operation switch 4005 and an
30 antenna 4006. The invention is applicable to the display portions 4002 and 4003.

Fig. 20C shows a display including a main body 4101, a support base 4102 and a
display portion 4103. The invention is applicable to the display portion 4103. The
display according to the invention is advantageous particularly in the case of large screen
formation and is advantageous in the display having a diagonal length of 10 inch or more

35 (particularly, 30 inch or more).

As has been described, the range of applying the invention is extremely wide and
is applicable to electronic apparatus of all the fields. Further, the electronic apparatus of
the embodiment can be realized by using any constitution comprising any combinations
of Embodiments 1 to 9.

40
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active matrix substrate shown in Fig. 10 will be descri bed. 52|8n‘}H*g?06357, a
TFT having the sane structure as the n-channel TFT 504 shown in Fig. 16 is
used as a current control TFT 4501. O course, the gate el ectrode of the
current control TFT 4501 is electrically connected with a drain wiring of a
switching TET Thadpndamenel signifienngs shatvr balgvotant be obaiedrity coployiol (FET
4501 i s elseadtitecHlthey/preednnagieggon:W th a pi xel el ectrode 4504. 10 In this
enbodi ment, the plxe?

d fil
the cathode of the Ilgﬁﬁ' n??tﬁ%ﬁlﬁﬁ8ﬁﬁﬂ?nm%§%éf8§%ﬁygg%kﬁ§f I q%%ﬁhggf

al um num &A¥*S%ithiumis used. A conductive filmmade of an elenent
bel ongi g to the group) 1Tes fihe qﬂﬂi@ﬂé@ grof ghe ﬁ%ld&dﬂ th@bi!o

q &n
conducti v ic e elene bl used 15 A
oot o Srhlceh “ﬁ%f%&hﬁ%‘ Bemele ki aatiStlS Rl SR b T e
al t hough éﬁqh&w@rié ploxess pp@l@hm\ﬁ)rmrﬂ" Hisdhavibg a lagh inghtlitemi tti ng | ayer
correspond|ng to G (GIﬁﬁﬁ%<h§m$ﬁ@ﬁEQaQMm%ﬁvﬁM réﬁh@ﬂm&?&nﬁg g&gnéhm

coating pr [ atin IS enbodi nent
Concr et el Che(s A aPé%srteﬁ%PéﬁWr n%e P&y gg‘&ﬁ SFFFé"E “Q“C*P’i AP e
(LiF) fHq gﬂékﬁngmmi&hV@Knggsh@ﬂdZﬁmhhdmghpﬂcmcded as an electron 20
injection |ayer and a PPV (pol yparaphenyl enevi nyl ene) film having a

t hi ckness of 70 nm is provided thereon as the light emtting |ayer. Then,
an anode 4506 nade from a transparent conductive filmis provided on the
light emtting |ayer 4505. In the case of this enbodinent, a conductive
filmmade of a conmpound of indiumoxide and tin oxide or a conpound of
i-ndi um oxi de and zinc oxide 25 is used as the transparent conductive film
When the anode 4506 is forned, a light enitting el ement 4507 is conpl et ed.
Note that the light emtting elenent 4507 described here indicates a di ode
conposed of the pixel electrode (cathode) 4504, the light emtting | ayer
4505, and the anode 4506. It is effective to provide a passivation film
4508 so as to conpletely cover the 30 light emtting el enment 4507. The
passivation film4508 is made froman insulating film including a carbon
film a silicon nitride film or a silicon oxynitride filmand used as a
single layer of the insulating filmor a |lam nate as a conbi nati on thereof.
Further, a sealant 4509 is provided on the passivation film 4508 and a
covering material 4510 is bonded thereto. An ultraviolet curable resin is
preferably used as the 35 sealant 4509 and it is effective to provide a
mat erial having a noisture absorption effect or a material having an
anti-oxidant effect in the inner portion. In this enbodiment, a glass
substrate, a quartz substrate, or a plastic substrate (including a plastic
film, in which a carbon film (preferably, a dianond-like carbon film is
formed on both surfaces is used as the covering material 4510. 40 Note
that this enbodiment can be freely conbined with Enbodinents | to 6. 32
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28 JUL 2005 [Enbodi ment 12] The CMOS circuit and the pixel porZ BodUt oPie8d
by inplenmenting the invention can be used in various clectro-optical
devices (active matrix type liquid crystal display 5 device, active nmatrix
type EC display device, active matrix type EL display, active matrix type
light emtting display device). That is, the present invention can be
inplemented in all of electronic apparatuses integrated wth the

el ectro-optical devices at display portions thereof. As such electronic
apparatquhHherg.aéﬁ.pointed out a video canera, a digital 10 canera, a
proj ector "& REFY Hblint di spl ay (goggl e type display), a car navigation
system a car stereo, a personal conputer, a portable information term nal
(rmobi | e conputer, agortable t el ephone or el ectronic book) and the like.

Exanpl es of these ahaahulef mamuficgringlgsmieomdughr d@five qimprisingAhe stepsuath 19D

and Fig. 20A t ugh.20C. -Fig. 18A sh a personal..co ter including a
mai n body 3001%%%911%a%gje%wlhoﬁgfem]fgn%ugfmﬂ] (gtﬂ?z‘,nsu ata}%f’% e’porti on 3003 and

a keyboard 300gmihigeai twetallinensdnsicamlciozalilre by drradietis SPllayr Aot i N 1k003.
Fig. 18B shows a video canera including a main body 3101, a display portion
3102, a VBRUBhoUsFemIGsdRstonfilano3, operation switches 3104, a battery 3105

and an i mage iVl rdu . The ] I i | I .1 he

di spl ay porti of;?ﬂgfilgfl{q%%)a%l@i %la 8%5‘3%15%&31&5&%“%?1%} gf(grrl%pl%{ gtreﬂﬁnggﬁgéﬁﬁgaﬂé&enai n
body 3201semacadoeoafilngamtli on 3202, an i mage receiving portion 3203, an
operation swtch.3204 and a displa Qrti 3205. The inventjon i

appl i cabl e t hePHiOEHng, 2 %?%?ngﬁdé.thgilﬂ@ndﬁgﬁps W@TQH@B@@F@%% fﬁmsiﬂ ay

i nchyidi NGregudiiBoRRAY fo3Rd  in &hd i M P¥hapB Ul Aiins 39Ri AR AMWARK] AR
3303. The invention is applicable to tﬁe di splay portion 25 3302. Fig. 18E
shows a plistpdioniscangediby thearradinteati efithe bserlightl wi th prograns (hereinafter,
referred to as record nediun) including a main body 3401, a display portion
3402, a speaker portion 3403, a record nedi um 3404 and an operation swtch
3405. The player usescthdd{Bh@ificakringes Sealibditublos 8dvi&d, c&khaging IR steps of:d
medi um and can_enjoy 30 nusic, enjoy novie and carry out ganme or |nternet.
The i nvent i on fosmigen;agumphous sepisendusierdilmonyy inpyptimwpfaci g. 18F shows a

di gital canerac.lnel udi i 1 i splay..porti 3502 eye
con? %ct porti gfr?hgﬁ%g g‘g’é‘?% |ogentsﬁ\?\n91¥d&%g)g ggﬁﬁ’éﬁg‘l‘lg%m? agel%r&éclg&\?i tr?g%
portion (amérphdisusinichedjtor flle | nvention is applicable to the display
portion 3502. 35 Fig. é%s ows a front type projector including a _.

proj ecti on appRFatgsanseirndaiigre sistatlgensergeondustiop film y eichmgi the spytaling| e
to a |iquighi&dnastal ahsklgay apparatus 3808 constituting a portion of the
proj ection apparatus 3601 and other driver circuit. Fig. 19B shows a rear
t ype proj ect orpdrfechug slgeat tragtimenblodyradiafifg adamp digktbitlmisland shape crystalline

20 semiconductor film to reduce distortion formed in the island shape crystalline

semiconductor film wherein the distortion is caused by the irradiation of the laser light.

3. A method of manufacturing a semiconductor device comprising the steps of:
forming a first crystalline semiconductor film by performing a first heat treatment by
25 irradiating a lamp light to an amorphous semiconductor film;
forming a second crystalline semiconductor film by irradiating a laser light to the
first crystalline semiconductor film; and
performing a second heat treatment to the second crystalline semiconductor film to
reduce distortion formed in the second crystalline semiconductor film wherein the distortion

30 is caused by the irradiation of the laser light.
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apparatus 3702, a mrror 3703 and a screen 3704. The invention 28 JUL 2005
applicable to a liquid 40 crystal display apparatus 3808 constituting a
portion of the projection apparatus 3702 and 33 2 8 JUL 2005 ot her driver
circuit. Further, Fig. 19Cis a view showi ng an exanple of a structure of
the projection apparatus 3601 and 3702 in Fig. 19A and Fig. 19B,
respectively. The projection apparatus 3601 or 3702 is constituted by a

| i ght source optical system 3801, mirrors 3802, 5 and 3804 through 3806, a

dichroic mrroy 3803, ism 3807, a liquid cryst di spl ay. par.at us
3808, . phase ki 11 danebbh ol Mo e Sneerbif S abudtiing) BREiR:Br0
The  proj weéti@NhOMseCRbtSY ShRiRBRIA dre GONpluldiid 86 typ¥s e @R fr6R! the KBhpM
including a projection |ens. Al though the enbodi nent shows an exanpl e of

t hree pl sfoasistigpel a ghelaseredpheatate fascrnand panetdl dasenraagh laser hednf ednsineows but
may be of;; . I i hgl e ate type. 10 Further, a person of

execut i ngh%l{ggﬁ%s? gg}lglgglhsf?iﬁgtf pésrl?lip ﬁ‘tly provi de an optical system such as
an optical lens, a filmhaving a polarization function, a filmfor

adjusting a phase difference or an IRfilmin an optical path shown by
arrow nmarks i n°-Fi g.Amoghodgf ppwpfactrigg o sanicanducior <igvich dgFaigingriocsskimpfte of

a struct ugg. o 1 C i h%? I.0.:F . rdi ng
to the e#%o%?lﬁﬁeth?,gd%gg%ilg itJfssa(e;llﬁlrs%%te %%%?cfg‘fﬁ g@@%%ﬂ%ﬁgg%%ffi?g %Aé%?% ut ed
by a ref | ¥¥Oalas8s hIYLRldserghtY Al0yaser, 381 aks lhsen s raby biger, 38 A8xandeit3Bdet, aral
polarizatiﬁn co veésion el ement 3815 and a focusing | ens 3816. Further, the
| i ght sout ’esaBBl{‘}l"% Ffsystem shown in Fig. 19D is only an exanple and the
enbeglinent is not particularly limted thereto. For exanple, a person of
executing the enbodi nent nmay pertinently provide an optical systemsuch as
an optical |ens, a Aithethbchof mpnafOiringl @ sémigondietdr evice grsordingi tonaldior 3,

adj ustin hase,.difference, or.,an IR film.in the Ligh soyrce opti cal
System "B tRE AREIIRe RO BT bovlin M oinsRar i B 8 EMESA *Tom and
19C, there is shown a case of using a transm ssion type electronic
apparatus and an exanple of applying a ref|ection type electronic
apparatus is nbt ilfuBethed ef mapgfactugingop acnsisendictor pisvica wiceordisigelprdtia 3,

i ncludin [ j t P of VOI Ce i nput
porh?on %6@%55§n5?§%¥§§ﬂ%%?F?8§8@3%%?M§ﬁ&@6%@§@%6§9@5&@%@ é3905 and an
antenna 3906. The invention is applicable to the display portion 3904. Fig.
20B shows a pgé]t abl e book (el ectronic book) including a main body 4001,

di spl ay portichs 40d3eihrs ofopanuiactyriteq: inendustonderice commpaEthe BePsH t ch
4005 and an Q@n§ﬂ1QBQ@14QQ% JHR ohVEH A od S Hﬁﬁﬁk .0 the display
portions 4002 and 003.(% g.SEO ghoﬁg a gﬂéﬁﬁHgggﬁ% |%8£a mai n body
4101, a supporforbiee #i0&ysallina serdicepdwyorddmt hyoprerfifidg afiwt haay eradtinent bys
applicable to.the.display portion 4103..Th di spl ay according to the

i nvéhti onmiaélaga%%at%g%‘%§0 Bb?rﬁ%ﬁlf‘oé}sls?flf%n&l’féorc@g’b of large screen
formation and fosma@vABREE RUStdlIhd fnidhiRRLRY AV SrlifindIONae: ighas inof 10

inch or nore ) )
first crystalline semiconductor film;

forming an island shape second crystalline semiconductor film by etching the

second crystalline semiconductor film; and
25 performing a sccond heat treatment to the island shape second crystalline
semiconductor film to reduce distortion formed in the island shape second crystalline

semiconductor film wherein the distortion is caused by the irradiation of the laser light.

9. A method of manufacturing a semiconductor device comprising the steps of:
30 forming a first crystalline semiconductor film by performing a first heat treatment by

irradiating an amorphous semiconductor film with lamp light;
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35 (particularly, 30 inch or nore). As has been described, th&8 dhgel®h
applying the invention is extrenely wide and 1is applicable to electronic
apparatus of all the fields. Further, the electronic apparatus of the
enbodi nent can be realized by using any constitution conprising any

conmbi nations of Enbodinments 1 to 9. 40 34 2 8 JUL 2005 The fundanent al
signi ficance shown bel ow can be obtained by enploying the structure of the
pr esent invention a) Asinple structure conforning to a conventional TFT
manuf act uri ng cess b I|t| s of e insulating film
formed on a se &%E?CSPCIF%XSFH H’a?nseBBC i g?‘?fi g9 @WII}% §(9ftﬁ’er eof
can be naﬁ@t@wﬁggneganw@ggm&kqmm,mkibecones p055|ble to form TFTs having a
hi gh nDblllty c Wi | e satlsfylng t he above advantages, an increase in the

oper at i onal flges? amoridq haat tredtingl |yt yirediating thiehisesnd |cnysmllme

rystal dren %On%ﬁ?f of Ptk P 15 Mo (X, P Ririfln R 5550 Rt o ©

manu$ act usrehﬁg)rﬁluStefTﬁﬁ@ Rbieirothe e r€i6n SOMREddSH e trilifioa RS tiRflaser fightm ng an
anor phous sem conductor filmon an insulating surface; 5 formng a

crystalline sem conductor filmby irradiating a laser light to the

anor phous sem fen mﬁtrﬁéth&l';l lofnd Hfd&d?&gt aﬁrﬁlc&%ﬁ%@m raxgérai Pclalm

sem conduct or by et ching t e cry I né sem con
per f or m nghereinetht l4seehghrententitved fremi aleaorch phegiiey of ypeakdleaial ﬁem the rpakbigt or

filmto 10 reduc dlsiortlon gorneg'ln the i sl nd sh ? crystalline
sem condu®SURE Phit BAS1ASFTn AsAEd Stfssiagire pha metal @%&aﬁag@ HFHBHE SRABPE of

thelbaserhgﬁgﬁﬁwm%(mémggmgﬁqaﬁgmg@agkactur|ng a sem conduct or devi ce,
conprising the steps of. "formng an anor phous sem conductor filmon an

i nsul ating surface; 15 fornlng a crystalline sem conductor f|In1by
irradiating a ser , te the nor phous s nlco ductor f formnpng an
i sl and shape crlsst a1 % ﬁ%ﬁ%ﬁ@?ﬁ‘g A PHY tf”éﬁ?‘ﬂﬁf ?‘F‘f@%‘?% gpin r]IQ
seni condugh@tinfthé @ﬁ;hcﬁﬁtdteﬂ@sfef o 41iaB& RIdeedtirdm @R @Bglﬁ cODsisting ad b at AGdagr,| AP
light to the island shape crystalline 20 senmiconductor filmto reduce

di st ort i ok Viun#ed 4 NLK laser, 8 aM@:d#rsp e aspdaser,|a by lascr, an alexandrite laser, and
15 a Ti:sapphire laser.

12, A method of manufacturing a semiconductor device according to claim 9,
wherein heating time for the second heat treatment by irradiating the second crystalline
semiconductor film with lamp light is within a range of 1 to 30 minutes.

20

13. A method of manufacturing a semiconductor device according to claim 9,

wherein a heating temperature of the first heat treatment by irradiating the amorphous

semiconductor film with lamp light is 600 to 800 °C.
25 14, A method of manufacturing a semiconductor device according to claim 9,
wherein a heating temperature of the second heat treatment by irradiating the second

crystalline semiconductor film with lamp light is 700 — 800 °C.

15. A method of manufacturing a semiconductor device comprising the steps of:

30 forming an amorphous semiconductor film on an insulating surface;
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senmi conductor filmwherein the distortion is caused by the irradi&tign ohs
the laser light. 3. A nethod of nmanufacturing a sem conductor device
conprising the steps of: formng a first crystalline sem conductor film by
performng a first heat treatnent by 25 irradiating a lanp light to an
anor phous sem conductor film formng a second crystalline sem conduct or
filmby irradiating a laser light to the first crystalline sem conductor
film and perform ng a second heat treatnent to the second crystalline

sem conductor filmto. red distortjon formed ipn the second crystalline
sem conduct or PR LN aC srBhidiehn a0 e Bribed 9t Fis Rl & | on
of the |8tﬁ@ﬁmbigﬂlbhs semaBorduBtod Bim2005 4. A nethod of nmanufacturing a

sem conductor device according to claim3, wherein the |aser light is

em tted from oRENGE @sqspud avistallingf senyipaslugtet ddmdyy frradintinha lgsesdight to the

consi sti | aser lid state | aser, and a netal | aser, each
| aser be?%SP%%%?@%‘%(S?[@C&C}“&%{%E ssion or pulse light emssion type. 5 5. A

nmet hod of manubatingr i gsland SO BEbIEd Alry@AULE RcMEDlEHRT filB ©) atdling the
wherein the solid state |aser is a |laser selected fromthe group consisting
of a YAG Scgeuscrysiallinggemiconduetor il and aser, a YALO3 | aser, a glass laser, a
ruby | aser, a dr.i S Ti.: ] er t hod
of manuf act ur{bnegfogﬁg%macéﬁ(@bgt géatd%%?gﬂtactgo?%oﬁ%hl{(g Slclzlﬁlgel ﬁ]e%o]n(a : eStr%gF%
heati ng tdemgcdndnctohdilineat rddueatdisemition sfowntdiin the risage shdpelsdconB @rysiatiitiees .

7. A nethod.of manufacturing. a sen.conductor device, accordi tg claim 3,
15 wher ei SFiCHMEFIPAGITE SRR Ctation Reassdddbnumdiaton f ﬂ\@ﬁgser Beboo 1o 600
C. 8 A nmethod of manufacturing a sem conductor device conprising the steps
of form ng an anor phous sem conductor filmon an insulating surface;

form ng a firsté.crysnadthadef manifasturthget ssmi¢dndovtoy dpaed wmprisgngahé stepst otheat

treatment by Qirradiati,ng a |a | i to the anorphous sem conduct or
film forning fé“&@é&ﬁé’%%&‘{%ﬁﬁ?wgp@k?ﬁggﬁm S‘ﬁ?tfrfﬁpsb]?%ﬁ’r adiating a
laser |ight tofolilg o firkSéry@alist &rhicORueeF AU RmTdg dfirsf aNiragmant tys! and
shape second crystalline sem conductor filmby etching the second

cryst al | iiHedigipg dehenembeus semisondnelorSlm sitherlampdight:second heat treat ment
to e island a | L] ' re g | r

di stort i on Tor ot FREAS SPAKEHE sepleondhEth SRMME b e e B B e
fil m wherfistcrydiallide sémicondimtdrgil@aused by the irradi ati on of the |aser
light. 9. A nethod of mainuf acturing a sem conductor device conpri sing the
steps of : 30 PHAMEN dslanG share yeooafl| srrdallipe seomandeder filmbyeidhang disri ng

a first heatnd (Fr?ﬁ&lﬁﬁ@.tsenlﬁ}fonductor film; and

performing a second heat treatment by irradiating the second crystalline

20 semiconductor film with a lamp light to reduce distortion formed in the second crystalline

semiconductor film wherein the distortion is caused by the irradiation of the laser light.

17. A method of manufacturing a semiconductor device according to claim 16,
wherein the laser light is emitted from one or a plurality of types selected from the group
25 consisting of a gas laser, a solid state laser, and a metal laser, each laser being continuous

light emission or pulse light emission type.

18. A method of manufacturing a semiconductor device according to claim 17,
wherein the solid state laser is a laser selected from the group consisting of a YAG laser, a
30 YVO, laser, a YLF laser, a YAIO; laser, a glass laser, a ruby laser, an alexandrite laser, and

a Ti:sapphire'iaser.
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irradi ati ng an anor phous sem conductor filmwth lanp |ight; 237 Wilg 260
23.5 formng a second crystalline sem conductor filmby irradiating a | aser
light to the first crystalline sem conductor film and performng a second
heat treatnment by irradiating the second crystalline sem conductor film
with lanp light to reduce distortion forned in the second crystalline s
sem conductor filmwherein the distortion is caused by the irradiation of
the laser light. 10. A nethod of manufacturing a sem conductor device
according to claim9, wherein the laser light is emtted fromone or a
plurality of types selected fromthe group consisting of a gas |aser, a
solid state |laser, Anfetod®F dantfRfiing 8AGMitARRENLP NG QBEIAY QM 8laind Q6] | ght
em ssion or pulse light em ssion type. 11. A nmethod of manufacturing a

seni condudheeinddi @eowi cdrtthadon theclemipniiglo, iradiatieriin within gohnge of atte 3kser
is a Iasgéiﬁ&%ected fromthe group consisting of a YAG |laser, a YVOQ4

| aser, a L aser, a YALB | aser, a glass |laser, a ruby laser, an

al exandrite laser, and 1s a Ti:sapphire laser. 12. A nethod of

manuf acturing a sem conduct gr device according to claim9, wherein heating
time for the sétondAHegihod of manshctusingiy semirenduaigr dreace aecerding fq slaim (16ne
sem cond N 1 i J i1t Of 5.1, 0,m . 20
13 A met hadeny it SeiRule B0ng Breb te BefinleB8E Budul? niulbLES. o
wher ei n asdneedridngtot @hpeviti the tangf lightés 600 sROMEAL treat ment by irradiating

t he anorphous sem conductor filmwth lanp light is 600 to 800 C. 25 14. A
met hod of manufacturing a sem conductor device according to claim?9,

whergi n a heatjng t gREMEY WF nhifdhRingec it cd hta,to} @@ﬁw%ﬁrorcﬁﬂg kd Eﬁgﬁgggng

the second crystalline sem conductor filmwth lanp Iight 1s 700 -

15. A net Whereinf anemptradrerising sats emdcordupereture dowenmngs oatp rfps itheg lanie ligheps
of: 30 form an anpr phous 1.C tor . filmon an insulating surface;
-38 2 8 J]ﬂ@@%gga@o‘?ﬁlﬂﬁrﬁngﬁcﬁg’?tgﬁggﬁmﬂuﬁ% sem conductor film by

performng a first heat treatnent to the anorphous sem conductor film

formng a second crxgtalline sem_ conductor filmby irradiating a | aser
light to the #3rstAdpgiBpdof mpaviehiragidirsmieonduriomdesics seqprding 4 clagn dfd

shape sec r e Senl & fi ' S .
cryotal i gt e ahb i SHHEAGHENE e et Hie S EShBRt Bon” BE 2P ewrive
t he i sl andf thhaystrsecantiomn bygi thk bppe and drd loaedsidésart the subsstrae r educe
distortion forned in the island shape second crystalline
23. A method of manufacturing a semiconductor device according to claim 16,
wherein the lamp light is light emitted from one lamp selected from the group consisting of
20 a halogen lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure

sodium lamp, and a high pressure mercury lamp.

24. A method of manufacturing a semiconductor device according to claim 16,
wherein a heating temperature of the second heat treatment by irradiating is equal to or

25 greater than 600°C.

25. A method of manufacturing a semiconductor device comprising the steps of:
forming an amorphous semiconductor film on an insulating surface;
forming a first crystalline semiconductor film by performing a heat treatment to the

30 amorphous semiconductor film;
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seni conductor filmwherein the distortion is caused by the irradifhtdién 2665
the laser light. 10 16. A nethod of manufacturing a sem conductor device
conprising the steps of: form ng an anorphous sem conductor filmon an
insulating surface; formng a first crystalline sem conductor film by
performng a first heat treatnent by irradiating the anorphous

sem conductor filmwith a lanp light; is formng a second crystalline

sem conductor filmby irradiating a laser light to the first crystalline

sem conductor film form anp.island shape cqgnd. crystal ljne..
seni conduct or gPFP%gbayse@f)Eﬁi%Wﬁpa‘pH? 5¢ %Wﬁb‘&ﬂ ﬁ‘?gm Wf‘g}/ag@ﬁiacl&ﬁeﬂd@hbp 19 m
and per f ofiil Ggstalifes@midohRRtor tiil:@at ment by irradiating the second
crystalline 20 sem conductor filmwth a lanmp light to reduce distortion

forned in the feavigadar rislandaishince secondi aspstalline semfdonduaigre film nbyt letchitigs ther t i on
IS cause { e L.atlo f -the laser light. 17. A method of
manuf act Ssre?%nél Jﬁsstgg%‘ggér@é@@F%agﬁltaéndgccordi ng to claim16, wherein the

| ases |ight i speefoiringta t¢conil G @datrBedt! Wi dtadiayin®fa aipesshs &b aet eBnfl sBapd he
group 25 consj sti ng_ of a gas laser, a solid state |laser, and a netal |aser,
each | aseeoW RiyseBine samgaenduciog Hilme e deduss dstoplionsormpdrin thailsland shergpe.

18. A mt%@&@{q%ﬁﬁﬁg %ﬁ#&h&!ﬂzt& AN HQBAUGE ﬁ{stoqt?%ﬁ fs%aﬁ&@ﬁ&ﬂh@%&ﬁat%na&#“ 17,

wherein the so state laser 1s a laser selecte rom group consi sting
of a YAG thabkeerlight30 YVO4 | aser, a YLF laser, a YAL®3 |aser, a glass |aser,
a ruby laser, an alexandrite laser, and a Ti:sapphire laser. -39 2 8 JUL
2005 19. A nethod of manufacturing a sem conductor device according to

claig 16, whetgei n A hetRIPUN naBl fattufBe aendiRdh&BP dévie hccbidi@dtALhRR 25 S
within a range of 1 to 30 mnutes. 5 20. A nethod of manufacturing a

sem conduekaeindes/hese tragmentis rpgffemﬁﬁllafiinﬂdi@ting adearelighta heating tenperature
of the first heat treatnent by irradiating the anorphous sem conductor
filmwith the lamp light is 600 - 800 C. 10 21. A nethod of manufacturing a

sem conduct or ZfeVvi ck natied $f Aghuftdd ARehfcondWBRF BbVic@adcoig! AtdMigsTi] 3] Ng
“rate and a ten*ﬁ)erature | owering rate for the lanp light irradiation are
within a bandeldflozmd 3, agveginihalager 1izht om apgrpdiation sus@ee pPaint theivirgnisy of
sem, cond i r.di j 5 rein the lanp light is
irg%li at ggg%%d?nﬁiéh(e\sﬁﬂf%%ggsgilglga%@agé@Ju se%%rgg%uel%rﬁhr ere'nthe | ower side of the
substrate, or fromboth the upper and the | ower sides of the substrate. 23.

A net hod of uf acturing a. sem conductor devjce gccording.to claim16,
wherein the FZ?F#p i%meth%d ¢ GRS IHERERET dape a8PrEingl dapwl: e

group congisstdnBd 60%hercin the laser light is emitted from or a plurality of types selected from the
group consisting of a gas laser, a solid state laser, and a metal laser, each laser being

20 continuous light emission or pulse light emission type.

29. A method of manufacturing a semiconductor device according to claims 1, 2,
8, 15 and 16, wherein the solid state laser is a laser selected from the group consisting of a
YAG laser, a YVO4 laser, a YLF laser, a YalO3 laser, a glass laser, a ruby laser, and

25 alexandrite laser, and a Ti:sapphire laser.

30. A method of manufacturing a semiconductor device according to claims 1, 8,

15 and 16, wherein heating time for the heat treatment is within a range of 1 to 30 minutes.

30 31. A method of manufacturing a semiconductor device according to claims 1, 8,

15 and 16, wherein a heating temperature of the second heat treatment is 500 to 600°C.
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20 a hal ogen lanp, a metal halide |anp, a xenon arc |anp, a caroh ddic 2005

| anp, a high pressure sodiumlanp, and a high pressure nercury |lanp. 24. A
nmet hod of manufacturing a sem conductor device according to claim 16,
wherein a heating tenperature of the second heat treatnent by irradiating
is equal to or 25 greater than 600C. 25. A nmethod of manufacturing a

sem conduct or device conprising the steps of: form ng an anorphous

sem conductor filmon an insulating surface; formng a first crystalline
sem conductor filmby performng a heat treatnent to the 30 anorphous

sem conductor film -40 2 8 JUL 2U05 formng a second crystalline

sem conductor 43 1m ﬂ)fnétﬁ(ﬁdigf lﬁﬁﬁﬁgc’cﬁml(ljg§ §&michititctor Aetibe accfol’diﬁié tod1iaksdl Bi ne
sem conductor film form ng an island shape second crystalline

seni condu&tand 23, whsycin adpmperatunerisivg cgn and pyenpdratureslowering otel totthe lampg m
and s perfgrmng .a seco heat Y, |rrad|at|ng a lanmp light to the
i sl and sﬁ tnx% %Kﬁﬁﬂ%?”@?g}F?ﬁ%ogﬁ%fggﬁﬁﬁy P mto reduce distortion
formed in the island shape second crystalline senlconductor filmwherein
the distortion is caused by the irradiation of the |laser light. 10 26 A

met hod of manudct ufimghed skmpripciudeg? seaigpeducts dovige ﬁ@w@n&mlw@;
wher ei n t@% 5, WR AR ad 1% é%%ﬁqteg%dn{ Y &'ég A[ rAthgﬂ%hE tl%% A
uc a OI’ 1 ng

nmet hod of ufaédturing a se evi ce alns

3, 8, 9, ]bﬁver §16e afithe2bbstmtee bebath theuppes efid the Yhieraideans thersabltatd. on sur f ace
or inthe vicinity of 15 the irradiation surface has a |inear shape or a
rect angul ar shape. 28. A nethod of manufacturing a sem conductor device

accepding to cipi mealyetRod 0181112141.? W? sehfe cﬁicfbrtd@@icé Q&%Edlll% glhélaﬁré £Ritted

fromor a plurality of types romt group consisting of a gas
| aser, a &dt mcﬂ %i atler¢indeg lmm@gm isrBglatl enbitted frpmecamﬂamagelecﬁeémm tlmgroup

contlnuous I| ion.or pulse em ssion t od of
ranut ot drarstiae oL sn tu RuasRL b HEIERE, fgoRD T DR eabol B 1R, g
16, mhereh@h@@ﬁm@qhhg ﬁﬂ@ﬂﬁgﬁ@ﬁﬁﬁnéﬁwﬁmhaﬁg{ sel ected fromthe group
consisting of a YAG laser, "a YVO4 l|aser, a YLF | aser, a YalO3 | aser, a

gl ass laser, a ruby | aser, and 25 alexandrlte |l aser, and a Ti: sapphlre

| ase 30. A hod to rqi.
[SgE. 30 A T o0l RIS NI, § SERAER U R SR

wi thin a #mhgs, mheﬂelrt bedthgriifngt f%. thBOSe&ind Hedﬂ&i’é’ﬁﬁﬁemf byraatfi & igu tHengecand
sem conduct or_devi ce accordlng to clajns 15 and 16, wherein a

heati ng tenyaline seraicandyctrr Tdwowitylamgakisht rlf‘e‘é[{ﬂf*fﬁr"i‘tfalil&e Hodoss mogles- -41 2 8
JUL 2005

_ 36. A method of manufacturing a semiconductor device according to claims 3, &,
20 9 and 16, wherein a heating temperature of the first heat treatment by irradiating the
amorphous semiconductor film with the lamp light is 600 to 800°C.

37. A method of manufacturing a semiconductor device according to claims 9
and 16, wherein a heating temperature of the second heat treatment by irradiating the

25 amorphous semiconductor film with the lamp light is 600 to 800°C.

38. A method of manufacturing a semiconductor device according to claim 2,
wherein a heating temperature of the heat treatment by irradiating the amorphous
semiconductor film with the lamp light is 700 to 800°C.

30
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32. A nethod of manufacturing a sem conductor device accordingQﬁbJ@KaﬁW§ 2,
3, 8, 9 and 25, wherein a tenperature rising rate and a tenperature

|l owering rate for the lanp light irradiation are within a range of 30 to
300 C/mnute. 5 33. A nethod of manufacturing a sem conductor device
according to clainms 2, 3, 8, 9 and 25, wherein the lanp light is
irradiated fromthe upper side of a substrate, formthe |ower side of the
substrate, or both the upper and the |l ower sides of the substrate. 10 34. A

met hod of manufacturin sem conduct or deyi ce according tq.clai 2,3,

8. 9 and 25, wer cithMHOY SrBeIaHEITE 4 SPRIROTEHR GG BRTGE PSR  ect ed
from the yHpuR a KRANRE rhPQattfc &f MRl RGN h%ea&eﬁﬁ?%?linﬁﬁhﬂiﬁ%thkadﬂbrpﬁolﬁenon
arc lanp, a carbon are lanp, a high sodiumlanp, anhd a high pressure

mer cury |sempcondget@silmawith theddmpflightis i08de 800°hg a seni conduct or devi ce
according to clainms 2 and 25, wherein heating tinme for the second hear
treatnent by irradiating the second crystalline sem conductor filmwth

lanp; |ight is 400t higngeticngenhufactufindG fanibéRBictod @evife ABEAGE b claim 1,
manuf acturing a_sem conductor device according to clains 3, 8 20 9 and

16, wher évherein gsetinggempagtraefithe heat tregbment ist00He £00%G- eat nent by
irradiating the anorphous sem conductor filmwth the lanp light is 600 to
800C. 37. A nethod of manufacturing a sem conductor device according to
clains 9 and 416, whetehal af heatifatgrihg pehdtandactof deviee aaoadidg e ataims 8
treatment hy irLadjatin the 25 aqgrphous sem conductor filmw.th the |anp
light is 3605 Bhersite heafing imperatyg ob thangremdheptirsatyent is eff todililet or devi ce
accgfding to claim2, wherein a heating tenperature of the heat treatnent
by 1rradiating the anorphous sem conductor filmwth the lanp light is 700
to 800C. 30 -42.2 &\ ddthq@Debmasufadiurieg hedmobnduwmerf daviagracogrdingsterdlamadidct or
devi ce accqr,ding to cl ai.m 25, wherei.n eatjng te .Qf the second
noat tr it Mg Al [Riper e SRS ULA LB RRE S i wi th ¢ he
lanp light is 700 to 800C. 40. A nethod of manufacturing a sem conduct or
device according to claim1, wherein a heating tenperature of the heat
treatnent is 500 to 600C. 41. A nethod of manufacturing a sem conductor
device according to clains 8 and 15, wherein a heating tenperature of the
second heat treatnment is 500 to 600C. 10 42. A nethod of manufacturing a
sem conduct or device according to clains 15 and 25, wherein a heating
tenperature of the first heat treatnent is 600 to 800C
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