10 AUG 2005 METHOD OF MANUFACTURI NG A SEM CONDUCTOR DEVI CE BACKGROUND COF
THE INVENTION 1. Field of the Invention The present invention relal ddif 0
met hod of manufacturing a sem conductor 5 device, which includes a process
of annealing a sem conductor filmusing a | aser beam (hereinafter referred

to as | aser m qucpp i j '

el ectro-optica dgpgga)g suc as&m%éﬁﬁég,gwgﬁgy%\%%Eg% EI i ght
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el ectro-optical devices as conponents. 10 2. Description of the Rel ated
Art In recent years, a t%cm'%g@g@)@tﬂ{ﬁi%i%%w conductor film
formed over an insulati he |ike, and
inmproving the crystallinity of the film has been extensively studied. In
order to acconplish the objectives described above, the filmis heated

and/ or | aserggpnslednvEQfichor m ng the 15 semi conductor film it is a
common practice to use silrcon. In this specification, |aser
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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 fofming the

15  semiconductor film, it is a common practice to use silicon. In this specification,
laser crystallization refers to a method of crystallizing a semiconductor film by means
of the laser beam to obtain a crys.talline 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 incteasingly employed in various devices such as monolithic
type liquid crystal electro-optical devices. In these electro-optical devices, thin film
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TFTs for driving pixels and TFTs for driver circuits are formed on a single
gl ass substrate. As described above, the crystalline sem conduc of fl.idmm[}ﬂ'
has extrenely better 5 properties than an anor phous sem conduct or ﬁ bl
For this reason, the above-nentioned study has been conducted. For
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substrates that can wi thstand the crystallization conditions Fs a quartz
substrate, f{igxanple. The quartz substrate, however, is very expensive,
and it was extrenely difficult to process the quartz substrate into a
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large-area substrate in particular. The large-area substrate is especially essential for
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 cocling
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
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In order to solve the problens as descri bed above, a new crystallization

~method was devised. Details of this method are described in JapanedeAUS 2085
Pat ent Application Laid-open Hei 7-183540. Now, this method will be

briefly described. First, a very small anount of nickel, palladium |ead
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The above was a description about the method of crystallizing the amorphous

semiconductor film by heating. On contrast therewith, since crystallization 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 Jaser 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.

-3




10 AUG 2005 When the linear |aser beamin particular is enployed,RLﬁf Fin anns
beamirradiation onto the entire irradiation plane can be perfor ?ﬁ't be
by scanning in a direction perpendicular to the |ongitudinal direction of
the linear | aser beam On contrast therewith, when the | aser beamt hat

forms the spot Whapehenidcae dser Beindih 9Qrtmﬁqs §1ﬂp$os%ﬂpla@é’1e&anp?f?éﬁﬁﬁgnf orth

and left-and-right scanning is required. For this reason, the linear |aser
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hi gher productivity, use of “the linear |aser beam obtai ned by processing
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‘the TFTs. However, since cryst I on met y neans”o aser beam
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excessively increasing the 25 tenperatire o substr
tenperaturedﬁg,q&duﬁmmsproduced bet ween the substrate and the
sem conductor film™ Consequently, the sem conductor film

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

of crystallizing the amorphous semiconductor film by heating and then further

15 cystallizing 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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4 '10 AUG 2005 contracts under a tensile stress and then becomes wartpAds b
addi tion, the sem conductor filmbecomes nmore conpact by crystallization.

Thi s phenonenon can be confirmed froma decrease in thickness of the film
As described above, the sem conductor filmcontracts by crystallization,
thereby Scheaapiithdy hachgle s Bl RBLNG.aRAwHRERS 10 the film These

war ps can also be confirnmed by conducting Ranman sCattering spectroscopy,

and then det ectj BgdigiotnHd schilc Shd&RK: il bEGHRATRNSRR ﬁfmwﬁr @térgl%'lhztaﬁgn | aser
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trapping levels resultmg from the warp of the semiconductor film are induced, which
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 the surface of the semiconductor film impairs the
flatness of the gate insularing 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  yields.



- 10 AUG 2005 SUMVARY OF THE | NVENTI ON The present invention has been nade to
sol ve the above-nentioned problems. It is therefore an object offthajgs 29%-
present invention to provide a nethod of formng a sem conductor filmw
little warp and then manufacturing a sem conductor device 5 that uses the
sem conductor film Accor di SIgMI AR VEDRaIPINIENaokUri ng a sem conduct or
device of the present invention, affer a sem conductor filmis
crystallized by a | aser beam heat treatnment is performed, whereby a warp
formed by |l aser beamirradiation is | essened. As already described, |aser
beam i rradi ati orhd @eb@niRCe@iPhdshelbR 18T ﬁﬂGQH{EtzRﬁW\]:QmEMK%L Oﬂzﬂgg}cn‘LB)

Thereafter, when the heat treatnent.is carried sem Cc uctor film

al ready tr datsatieatfor i ghjct eAP&IAI e R hﬁ&ﬁiti@%ogﬁ%sa ﬁietﬁ&lﬁ@gﬁrwﬁ?y‘@ver

a substrate that has not been treated at a enperature

processes Gamiid@dRubr fith fRh h@@é‘&fﬁ&ﬁﬁfﬂ théFh@nulfrudhga g@ﬁf&ohﬂu&é&ﬁg%\ng%

sem conductor film resulting fromlaser beamirradfiation can

| esseneds shat Hak thheeRssidedtor £le,. properties of the sem conductor film can
be inmproved. The nmethod of manufacturing a sem conductor device according

to the presentAddiy@md N aCREMIEEE n&mfﬁteﬂaa seﬁl{aﬁﬁhé{drn&&é aﬁgﬁebeam

onto an anor phous sem conductor filmto fornta cryst 't ne sem conduct or

film and pﬁ@sfehﬁt"nﬁ'\%rﬁﬂin he@k aldehfl thOfILS st H‘é’?ﬁ a ald1%hed T%%‘Ee%g I ne

sem conductor film 20 formed by irradiation o eam

manuf act ur ithG tiRhPRperfohBedSfhebhER ringd %}7 L;P%] i I mﬁﬁt!u')r?g lesUBTod

that uses an annealing furnace or an A (Rap ma Anneal 1 ng.

met hod. TheaRifedBtdrerib&d, tlQ?er%EﬁQ@raﬂiatfb@%‘rﬁg tﬁg%aig?r?%@geﬁnm&%gé%rw th

‘a lanp 25 to carry out heat treatment in a s
speci fipat ifgm, (FightiadiB@eafdrOMBen the heat treatment is carried out, the

semiconductor film already treated at a high temperature hardly undercoes 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 physical
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  tocarry out heat treatment in a short time. In this specification, light radiated from
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10 AUG 2005 the lanp is referred to as lanp light. The lanp light is

radi ated fromthe upper
| anp | i ght

a xenon arc lanp, a carbon arc |anp, a high pressure sodiumlanmp, or a
hi gh pressuhe lampdsieferradpo & lmwpt i, Thhe hep oA et D dometthedppthe

heating tenperature of the heat treatnent is 560C or hi gher. Furthernore,

i n the manuhdgiriowegsidebhed, subheatee Furihe r tdhdea @ %ﬁg??is?ﬁ@‘lighi Fo 888 Rlont S
od o

fromone to 30 m nutes. According to another ne

manuf acturing a

sem conductadialéén kengfa mbenl hhBdelassn xémentd 1amp, afchfiod A28hmp, a high
crystallization is perfornmed on a sem conductor film that has been

partial ly orsstd)dodzned laypf bf shidleplesfure Mdrenty laggcond heat treatnent is

carri ed out,

whereby a warp fornmed by |aser beamirradiation is | essened.

As already deferiteedin dhaseanbRamridy @ditaid, @Re heh by thap¥akBrel of thB@eat
sem conductor film (Fig. 1 B) Thereafter, when the heat treatnent is

carried oufgeatfens8mBiOWychihef.i | malready 15 treated at a high
tenperature hardly undergoes a change. However, since a substrate is

exposed to the Hurdhesiord empeicabidhefughd hdtbol! geessssn
it contracts. (Fig. 1C) The warp in the sem conductor film resulti ng from

| aser beamidatmadt atfr@n Grnot T umikeckessened, so that the physical
properties of the sem conductor filmcan be inproved. 20 The net hod of

manuf act uri ng &@%ﬂﬁi@g@@ﬂﬁé@fer #RYh6@oAAEAEEL AR skRBcoRTRE SN e vidd TRk ON

conprises the steps o

introducing a netal elenent into an anorphous

sem conducipeseht inbemRicsanftér Bider EMstallizatbn Reprfdmeat HBAtsendié SRRt fgh @
‘I'aser beam onto the anorphous sem conductor filmto forma crystalline

sem conductdc hdsl¥endadugldr éryimabi-ed by fibe hegeaBghihaal sdchaali@bireh@ndégdyce a

warp 25 in the crystalline sem conductor filmformed by radiation of th

| aser beamcaiied he, Whetdhaetwirpigm@! BpdsertHean itfadiadnds ReceRrd. Pealready
treatments are the

15

20

25

described, Jaser beam irradiation forms the warp in the semiconductor film. (Fig. 1B)
Thereafter, when the heat treatment is carried out, the semiconductor film already
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.

The method of manufacturing a semiconductor device according to the
p-resent 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
in the crystalline semiconductor film formed by radiation of the laser beam.

In the manufacturing method, the first and second heat treatments are the

7
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7 10 AUG 2005 thermal annealing nethod that uses the annealing furfi)tcgUgr 5005
the RTA nethod. The RTA nethod is the nethod of heating the subst SR
rapidly with the lanp to carry out heat treatnent in a short time. In this
specification, light radiated from the lanp is referred to as |lanp |ight.

The lanp | iig&dmdlsniRdliad 8t chb@ i &el PREANNLABF 1B ack YRR RIS ofhhhe
substrate. Further, the lanp light is the Iight radiated fromthe hal ogen

lamp, netal halfideRTANReHRNE thdhe H AW heEARL AL RbStrh@MRpid Wih (BE Byl e
sodium | anp, or high pressure nercury |anp. Further, in Fhe manuf act uri ng

met hod, t heo bgay bTht ANREAewk & 2EhdPEinRe RN H:s s{?&ﬂﬁc&tkﬁ?‘liﬁg‘ﬁ%d{%&? hlhfta)ﬁ?;

than the heating tenperature of the first heat treatnent.

ar r angenenthe 148p 4/ BSFFal 8ol 8 18XPARAH. 1Phd DBy PliGRES! raHETOS RN tRe Upppt |
processes ca?ri eg out sro fgr, soBtE%? t he sublgtlgate rélo%{?gcﬁta%ﬂ tfé%?lppﬁlfs

reason, # hendwalewbrHAREf i &Be@hrcDFRMHeE A AL, WOhEANKP & hESSENED from
Furthernmore, in the manufacturing method, the heating timg of the second

heat treat FRAthalSpehy ROt BAidE Bt SSxenbn MR BAYST carbBntdie 19RBULAGE uri ng
nmet hod, the metal element is one or a 'plurality of the el enments selected
from the greeuRORRlnshi 1@ pOhr Fgh $RssuMl meRUyryRinp. Pd, G5, 1t, Pt, CQu, Ag,
An, Sn and Sb. 20 1; 2: 3; BRI EF DESCRi PTI ON' OF 1T"HE DRAW NGS Figs. 1A to ID

are cross-sect iFp@er Mheke nS M N drife GRARSRIhO he BRI rurEbIfhe Sgé\m%d(; :Z))B

are cross-sectional views show ng a“concept of Enmbodinent Figs. 3
are Cross- 36t treRghed 8 MIRR WL A Fha heMREERIm R ra EFP OH 9 AEsc Bieat treatment.

t he

10 With this arrangement, 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, Ay, Sn and Sh.

BRIEEF DESCRIPTION OF THE DRAWINGS

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

20 1;
| Figs. 2ZA to 2D are cross-sectional views showing a concept of Embodiment -
2;
| Figs. 3A to 3D are cross-sectional views showing a concept of Embodiment
3




10 AUG 2005 Figs. 4A to 4D are cross-sectional views show ng a pro;cgs&ugf 5
manuf acturing pixel TFTs and driver circuit TFTs of Enbodinent 7; Figs. %%
to 5C are cross-sectional views showi ng the process of manufacturing pixel

TFTs and driver circuit TFTs of Enbodinment 7; 5 Figs. 6A to 6C are

cr oss- sect i onalFigd. &ws ts YD réReseptions ssewd shmﬂﬁ%@qiru&és@@)f nirt@icchfihg and
driver circuit TFTs of Enbodinent 7; Figs. 7A to /7/C are cross-sectional

vi ews showipigelt TET pand ésiveotirgmin TGt Hoigodipiexel7; TFT and driver circuit
TFTs of Enmbodinent 7; Fig. 8 is a top view show ng pixels in a pixel

portion of Enmbddigrdm to/5C € drogs-se@tibBakyiewOstiovwias thoplc e i F W SheN08na
process of manufacturing an active matrix liquid crystal display device of

Enbodi nent BxelFIETs 28d idsivar €i0sis TFEGtdf Bmabodtivew: $howi ng t he process of
manuf acturing an active matrix liquid crystal display device of Enbodi nent

9; Fig. 31 is &igy 62stcs®Chteraks-dceivnshaviichdvink eleesmcofs JramHdedurinpg
pi xel TFTs 15 and driver circuit TFTs of Enbodinent 10; Fig. 12 is a

cross- sect ipirel THT eund kewe ngirt e TH U tBmodimeacr ¢ i ver circuit and a pixel
portion in a light emtting device of Enbodiment 10; Figs. 13A and 13B are

a top view of &ipd. G tceTT titd AYPsH@¢tiOAaRAEwasHIWISS thepRicbardlmath gy tahigwi ng
the structure of a driver circuit and a pixel portion in the 20 |ight

em tting deikdelFTespebiverelintuitof FRGOBhBAimd®:7;Fig. 14 is a .
‘cross-sectional view show ng the structure of a pixel portion in a |ight

em tting devi c&igfs Enbagi vieRtshddindpidelsibA ERd dhBoal# Bnkshsensgct i onal
vi ew show ng a process of manufacturing an active matrix substrate and a

cross- sett i onalFiyi ®w 56@-8& tRnalbichr #eRsag afpriday baaidhiffguang agtdcy®e
‘matrix liquid crystal display device, respectively, of Enbodi nent 12;
matrix liquid crystal display device of Embodiment 8;
Fig. 10is a cross-sectional view showing the process of manufacturing an active
matrix liquid crystal display device of Embodiment 9;
Fig. 11is a 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;



9 10 AUG 2005 Fig. 16 is a cross-sectional view show ng the struc L@E@f ?ﬁ{]“
pi xel portion in a light emtting device of Enbodi ment 13; Figs. J
17F show exanpl es of el ectronic apparatuses of Enbodi nent 14; 5 Figs. 18A
to 18D show exanpl es of el ectronic apparatuses of Enbodi nent 14; Figs. 19A
to 19C show exa;ti@l1&’515@fcr@éseéét:ﬁ@ﬂhpw@ﬁ%wlﬂg@L%e atu&ahodf néémdﬂ gs; 20A

to 20E are cross-sectional views showi ng a toncept of Enbod nt 10

Figs. 21A tigh? chRaedSiasst BRBbIARNA: 1J;ews showing a concept of Enbodi ment
5; and Figs. 22A to "2E are cross-sectional views showi ng a concept of

Enbodi ment 6. TeoDETAl kED7PERER BHNeO6f Elé%u%%?f%ﬁ LEN?@PENEMIQM
[ Enbodi nment Mbde 1] Enbodi nent Mode of the present invention wl Be
described wigth reference to Figs. 1A to 1D. 20 First, a base |nsul ating
film(not shown) is formed on a substrate 10. A glass substrate or a
quartz sjbst ratfeoshqwgo U BBNSHHS 8 ki bés'o?e?éH?hﬁw}{ﬁ‘%l @éram% DY RSB R en 0. As
t he baselnsulatlngfl m an insulating filmsuc g |con oxl ilm

a siliconmgitride film or a silicon oxynitride filmis forned. The
structure of the base insulating filmis not limted to a single |ayer.

Lam nation of &algd q8al «d WO a¥Ré %x%p?e'é otf hé‘?edtﬂ:ﬁﬁ!: %Pb&ﬂtﬁéak T Efodine s be

enpl oyed. Further, the base insulating film my
14;

Figs. 20A to 20E are cross-sectional views showing a concept of Embodiment

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 QF THE PREFERRED EMBODIMENTS

[Embodiment Mode 1]
Embodiment Mode 1 of the present invention will be described with refetence
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 10 AUG 2005 be formed. Next, a sem conductor film 11 i s fornmediop A(h® 2005
base insulating film (Fig. A} The sem conductor film1l is formed by
depositing the anorphous sem conductor filmusing the well-known neans

such as a sputtering nethod, an LPCVD nethod 5 or a plasma CVD nethod. The
seni conductherfofinkdn 11 is fornmed to have a thickness of 25 to 80 m
(preferably 30 to 60 nnm). Any material can be used for the sem conductor

film However, Neaf esabicypndsddor éibn 1dris finadd @ychefbasd nscRfing flm. gasNBAj UM
(Si Ge) should be enployed. Then, a crystalline sem conduct or filmis forned

by | aser . criist sdnbicaaduaor filokild.is fokthellBy depexitsioahkianerphoic@agiuehdichi | m 13
that has contracted under a tensile stress 12 by |aser beamirradiation is

formed. | ndildemie] the, wili-khowpreteisdich o haburtbgh@hrthas e LRCYSS alekhdat i on,
hydrogen contained in the sem conductor filmis fel eased. Wien heat

treat nent ics agdastice@Vodinetiosd. dPpe othivehehyrod Aln NOW forthed QOhiR: DOARCIGA®
reduce the anmount of contained hydrogen to 5% or | ess of the total nunber

of atoms lmfcnt@iBledn picfiaaBRn3CapBEhes). f Ay andeddenrchysisall Ifhzakéon is
performed, the surface of the filmcan be prevented from becom ng rough.

Gener al |y, seimédoridie corafibiphdisyean] eRetHer sifitdiMdrsad Qﬂﬁdmb){l 1#B8 and
sputtering nethod or the LPCVD nethod, the filmcontains a |ower

concent r at |geﬁn@ﬁ1uhy€81@@$@hbh@rbet&mpﬁﬂ;eﬁphous semi conductor filmformed by
t he plasnma CVD net hod. However, even the 20 anor phous sem conductor film

formed by the Mltasia cEMuliE badidasiuard: @i i§ e AL iR rafalNyHQ0§Rid. |
formed at 400C or higher. In the laser crystallization nmethod, an exciner

| aser, NAGIB3sArcryst¥Bhelsas@fondutihGand §§@Hiat(1{as%|eﬁtﬂa@§e%lrur9ier% t@HEl&esmess _
‘oscillation type or a continuous enm ssion type can be enployed. Wen using

these | aserlg byiliser be@h fifrgiliafibntitfoemey eIaeddmaRy, 106 e 2bld @, Elieﬁqleflééém a
| aser oscillator into a |inear formby neans of an optical system and
crystallization, hydrogen contained in the semiconductor film is released. When
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
15 contained 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.oscillation 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 onto the semiconductor film. Crystallization

11




then irradiate the converged beamonto the sem conductor film . £ 2005
Crystallization 11 10 AUG 2005 conditions shoul d be sel ected by an %p%#%t‘gp
as necessary. \Wen using the excinmer |aser, a pulse oscillation frequency
shoul d be 300 Hz, and a | aser energy density should be 100 to 800 mJ/cng,
typi cal | y ag@litionygd®uld be slecttibn ausipetptbhes aGssahasWhentussggee erdnkar noni ¢
emtted fromthe YAG | aser is used. Then, the pulse 5 oscillation frequency
shoul d be lse, aopd80oddilatord feheehgssrowdd degi0dEins ing adhaulaherdyed @00yt o
1000 mi/cnR, typically 350 to 800 mJ/cmi. Then, the |aser beans that have
been convestgedd batl@0tthe300 méam’f opmallyt200t oeiQ0 mi/dih. OFhdddsing thOOAG) f or
exanpl e, 400 m should be irradiated onto the entire substrate surface. In
this caselas¢raske sdeaoh hamadiiatindneddyonalbe YOeGheaset ¢ oeed. Whdn, ahb@ulse98%
overlapping ratio 10 of the beans that have been converted into the |linear
f orm L&seosdltatstrafrbquatdyshoakibdengear 3€0 Medand thidlasai anergynldrsiary abomislpher e
of an inert gas such as nitrogen, or in a reduced pressure atnosphere.
Next, heatb¢ B8atod@00hy]/thmeér 1yplcaini368ltordPOusi/om’t Mtheannealiseghfamnaes or
the RTA nmethod is carried out. (Fig. 1C) Thermal annealing using the
anneal i ng hdw bhetmeaeeyestalindo bee fieedofbmadvithrhemneqift 0108 nuiEX at, &or
tenperature of 500C or higher, preferably in the range of 550 to 575 C

Ref erence awmeplal 408 (dershbels! lanirrddldcd ppas ahu enivh subsusita guifie. RTA thist hod
as well, the heat treatnment should be carried out for one to 30 m nutes at
a tenper at gdise, laferdROM ioradiitghenay Mbebe pasonged hiehRBA -H80hods 1] dppendreaio
treatnment should be carried out in the nitrogen 20 at nosphere, for exanple,
‘Wi th 110i ndf dieclsbanad hge hal-abpsn ¢5nyresd wed thintlacartfbem. substrate and ten
‘infrared hal ogen | anps 15 provi ded over the substrate turned on. 1In the
RTA net hod, a hweeptgrallitnereasdd perfeempdiatie &r danhbeuebfpbeted an Hewever ,
tenperature adjustnment nay al so be perforned during the heat treatnent
with a tenperaictirg riirepag drahe edutehpesairanembapieiéng rate of 30 to 300C

;
> 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




25 minute. The heat supplied fromthe hal ogen | anps, which is nea Lﬁlggjﬁby.[}@-
t hernocoupl e enbedded in a silicon wafer, is in the. tenperature ra ofIe?
700 to 12 10 AUG 2005 1300C. However, optinmum heat treatnent conditions
differ, depending on the states of the substrate and the sem conductor

film Thus,30BeCopHoacoer, sipoinhighn [oek efdatment bshdBabhitifichedipehdaat HE ke
conditions as necessary. In this enbodi nent node, the heat treat rent was

carri ed outtdtes bhehaistiboges arkl did*@é&ﬁi%@hducdd@\&ﬂmerT1hbethengpéraﬁﬁss}ﬁiﬂ1¢ah as
hel ium (He), neon (Ne), or argon (Ar) may also be enpl oye The hal ogen

| anps wer edlaafrmme mh@dpaﬁlum heghtres@agraeondiomB Vi meckdsatys al so preferabl e
that an ultraviolet |anp such as a xenon lanp is enployed as the |ight

source. This héathiskagiodRntnemslestHoleas wostmhah ey i €084 backh dh Audbégct i on
indicated 10 by reference nuneral 16. Thus, contraction of the

sem conductemobphare 1Blovesdt, theghert ﬁzﬁsrﬁhl:ﬁf?aﬁhelhﬁﬁr(fl-leﬁ radnaNgnot srebggagned,
so that the semiconductor film 17 is obtained. Then, patterning is

perforned meny slkonte sapigedduTherhalayer lakfsofer idgsi agkd §J@Qﬂyhﬂ§6§f&af ter,
if TFTs are manufactured by using the sem conductor |ayer t hus

obt ai ned, theveves| ackrileaprefbabRetiern 51 ulisamblet 1086 QUEH @XGEKE S 1amp is
[ Enbodi ment Mode 2] Enbodi nent Mobde 2 of the present invention wll be

descri bed whiployeef &rdrdghtkoufdegs. 20A to 20E. First, the base insulating
film(not shown) is formed on a substrate 30. The 20 gl ass substrate or

the quartz sub§thigheathaydcig:ritlcanssy¥i thgisubdeiack $o eoplraved Adirédieon SlRskeat e
30. As the base insulating film the insulating filmsuch as the silicon

oxi de fid mbyséfeterar Mirhédatles f Thi, @hrsickibe @ daxyeniit bhde: O il S rbanngd. The
‘structure of the base insulating filmis not limted to a single Iayer
Lami nat i on fiefm dasdreé@sim tiadiation is lessened, so 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 obrtained, 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.

13




| ayers of the insulating filnms may al so be enpl oyed. Further, thel Baﬁl% %995
insulating film 25 may not be forned. 13 10 AUG 2005 Next, a seni conductor
film31l is formed on the base insulating film (Fig. 20A) The

sem conductor film31 is fornmed by depositing the anorphous sem conduct or

filmusing the Meki akeQWHIRARS: AHCH @forh{dl HRUE LSS iﬁaﬂaﬁwﬂﬂﬁa@g&g@mﬂ hod

or plasma CVD nmet hod. The sem conductor film31 is fornmed to

thi ckness STRE S&'ﬁid@%d%@td}rﬂlﬁ}% l?h%ﬁgéd’ b3 Qb &siBy (Y ;rm@‘&}hd@ts@ﬁlii@mﬁ@ﬂ)rb €

used for the sem conductor fi wever, preferably, ‘silicon or the alloy

of silicon fndusie AR AMASE R edrd sﬁ@ﬂ?laQH?éj?FpuI@frEﬁ{lEﬁ{od, 1 e 3B, cepduct or

film31 is added with a netal elenment for pronoting crystallization by

usi ng the wel MakRY@V IMBAGGOIUCIH A% hiPEnSRUbE B BT is AOmEBYD %gVQ %\stf'l{aﬁness

sol ution applying method to forma netal containing |ayer e metal
el ement, songr 25 8 0 Wil (phfeliblyrBical, BDETBMt sAe! I the ‘
consi sting of Fe, Co, Ni(l,p RS %13 Pdo, tC)B Pt ,AI%?,FE%J&EQAS?RE& H%ﬁ gﬁg&éb are

enpl oyed. Thefcohd\&hi rfﬁfn.hq%ww&a_tﬁﬁeﬁ&am Gk ﬂ%g e aﬂﬁr RaT Gli@dd ¥m]

: : d
crystallize the 15 sem conductor filmto thereby forma rst crystalline

sem conduct @irfankh 38iGEHs@mpld@R). Thermal anneal ing that uses the
anneal i ng furnace or the RTA nethod may be enployed as the heat treatnent.

Then, a second Thyghfith, i S8M-6RAGUEE Fm' 31 R 38dd$ Wil qelﬁee?f él@rﬁ@ﬁrhfor
crystallization. (Fig. 20C) The crystalline sem conductor film 35 that has

20 contract@@nuides castaliiakilbg K 1§58 B4 WI-kAsSh hELRdLAY &ntﬁe_s%{]@f&&@-.

Incidentally, it is preferable that, before |aser crystallizati hydr ogen

o car i ad e A Bl & PR D et P e s e
amount of c@RUALAEGlement, 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
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



hydrogen to 5% or |less of the total nunber of atons contained in theq AUG 2005
sem conductor 25 filmand then crystallization is perforned, the surtace o?
the filmcan be prevented from becom ng rough. Generally, when the

anor phous seni conductor filmis 14 10 AUG 2005 formed by the sputtering

met hod or thﬁnécPE?’%@%m@&fmé hRch&s Bl EH@EPWEHME?&, tHeqlé@L‘iblti‘ﬁ@”fHﬁ{‘ 4851 ON

of hydrogen than the anorphous sem conductor filmforned y tthe pl asma CVD

met hod.  HOWSYEF coféeRraiidh m&@&&@%%%%ﬁ&%gﬁs Eélhi%}aa;?%@?ngigwgﬁggd .

pl asma CVD net hod has a | ow concéntration rogen 1

t enper at ur %the@%%l@cmqggeh N &@vé@i%&;n g;;]eyéﬁla}-gﬂtﬁ@tsiele{a?midz% flpe

! odl
exci nmer | aser, YAG | aser, YV [aser o e pul'se osc ation type or

the conti mf@ﬁﬁe&ayﬁ%Blasﬁlmﬁvmﬂeaﬁodq%g%s%ﬂcmg%ﬁgiopg\é&ﬂa%éﬁﬁi fiLd, It

is efficient to converge | aser beans radiate rom-t sef oscl'llator

into thes | ipeaendRriuby ofB@MeC of Hidleroptical systemand then irradiate 10
the converged beamonto the sem conductor film Crystallization conditions

shoul d be sel ggtReIRY c,ltr{?sfial‘PiBftri&{H{étﬁéd Hﬁ%ﬁﬁgéﬁlgsmﬂg%&goﬂ@@%%?ﬁr

| aser, the pulse oscillation frequency 300 “and the Yl aser

ener gy dengiftehe SN BsdiBadA9 tyd0oBPRe TBHARGoud ¥R %rpfgocgmt B% %ﬁ&i@]ﬁﬁcm

When using the YAG | aser, the' second harnpbnic emtte rom the aser
is used. T t.he,p i klat.i . - Hz,
and The 1 aserBnor e R S e Yo B R D R 0 556
to 800 mj/ ; : - I L he
Gy o;famoﬂr&%.th@ﬁﬁg %@y%@s@ﬁ“ﬁ% diggcg; ﬁg@}f) cgageo Qe

linear formwth their wdth e, - m shoul d
be irragh at o i - cen . i1at j1en
oy ol o DR O e B bl U RB R S IRL Oy aRER IR R RANR", |

have 20 PHRSNETONE bACSAR LLpat (IR, v ctisial Lisatsopcen bo
or in the rRdueeanFLRRHESSIRNTRBRIBDEL,, and the laser energy density should be 100
t0 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 puIsé oscillation frequency
15  should be one to 300 Hz, and the laser energy density should be 300 to 1000
m]/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 wm, for example, 400
um 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 fumacel 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




" Next, the second heat treatment by thermal annealing using the annegl phag 2005
furnace or the RTA nethod is carried out. (Fig. 20D) Thermal annealing
using the 25 annealing furnace should be performed for one to 30 m nutes

at a tenperature higher than that in the first heat treatnent. \Wen the RTA

method is ssemd hbe HealBeAUchEAA5hHs greRembaah tHealimBain shaulshde, for
performed in the nitrogen atnosphere, for exanple, with | | infrared

hal ogen | aspsmple, witted 1 ihgasdlisicainelaand temddfthakabsrdial.pdaen!igfRedls
over the substrate turned on. In the RTA nethod, a nonentary increase in

t enper at ur hakgsn bempf { RevedheHabay.at rutRURL! dhthe RAUA WSdABAL 2 MY #hSO be
performed during the heat treatnent with a tenperature rising rate or

t enper at ur endreaverihngnipeeeued c30 bt @ffBORIC HeWe R M iBperhb@eNERGsttRPhiRd from
the hal ogen | anps, which is neasured by the thernocoupl e enbedded in the

silicon5 wakerbe perfornédeutiepnieaidat aréAREar Ofitd QOrdn@pek3QRe Gisid@P Wa¥Er
opti num heat treatment conditions differ, depending on the states of the

substrate eaffip¢daeurklowerhe enrugtorofBI00MTC ghusinutdeTRPBEM KppEAPRLEL the
determ ne the optinum heat treatnment conditions as necessary. In this

enbodi nment halegen lhingshehicht & eaéRaAd MWashC tHdrhRdo@plk duibdRdNhtdhegaton
at nosphere. However, the inert gas such as helium (He), neon (Ne), or ar-~on

(At) may ahfe, keineti aygsbradiie thaboBeEN0DABPB00RCE PRI, UsSEnas, hba | 1 ght
source. 15 However, it is also preferable that the ultraviolet |Ianmp such as

the xenon tepmmést cOAPIRYEMifer, tdigehtaY of OlkCharel S HRERIbstieatAEN{h causes
the substrate to contract in a direction indicated by reference nuneral

- 38. Thus, eanictadtit@R filn.t MEheehe QISR shoul 3R rABSYIthE Neheih @Mk as er
beamirradiation is | essened, so that the sem conductor film39 is 20

obt ai ned. flefnepdddrelinbRgad ﬁed@ggai—@r med to forma sem conductor |ayer 40 of
a desired '

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 obrtained.

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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shape. Thereafter, if TFTs are manufactured by using the sem conductor:

| ayer thus obtained, their electrical characteristics wll becol,gri;ln R 2007
excellent. A nore detailed description of the present invention H"&u?eg
as described 25 above will be given in the follow ng description of

enmbodi ment Erhbddimentd]10 AUG 2005 [ Enbodi nent 1] Enbodi ment 1 of the
present invention will be described with reference to Figs. A to 1D.
First, the baskEmbodimhatidi hgf thd prefant irskavioh wil Hodesedbed witterutesice atbe 10.
The 5 glass substrate or the quartz substrate having transm ssivity is
enpl oyed aBigt.hleA tsdbktrate 10. As the base insulating film the insulating
filmsuch as the silicon oxide film ‘silicon nitride film or silicon
oxyni tride filRritstHedrasethsukhinesfilnugtatshowh) istthanbasa thasubsataica g0 f Then i s
not limted to a single layer. Lamination of at least two |ayers of the

i nsul at b ngglhssl substrage at she hmaenplubyegie Favihperansthigibase ¢mplsyad iasghti | m 10
may not be forned. In this enbodi nent, the glass substrate is enployed, and
the silicabsoagni@.ri dés flid baseriatulsbiopilmhehs imgulatibiz it hicbkiness sifcoh50 nm
is formed on the glass substrate by the plasma CVD net hod. Next, the

sem conductxte filthmilidon sitfide fikd, @rsilideg dgserridagibings targhed. IThe (thicgure dfA) The
sem conductor film1ll is fornmed by depositing the anorphous 15

seni conductherbds msulsdmgfilnhes ned limicadwo aneais 15yt hLas il s plddless igo
met hod, LPCVD net hod or plasma CVD net hod. The sem conductor film1l1l is

formed to lahevef ehd inkalkiriag $ilaf mab atso RBRmploYdl hettah) theddsd Bs@QcARYilmANy
mat erial can be used for the sem conductor film However, preferably,

-si i congor mah@rcalbedyrntd.sin kltigRniodimeer, Thaiglim (fistate isaalﬂpmt@yeﬂld dhe this
enbodi nent, the anorphous silicon film20 having a filmthickness of 55 nm
is formed dlicen beymetdd filhe (195t HOO ) Gabihd HelnpklasiBessGVD50Rithedormed on
the glass substrate by the plasma CVD method.
Next, the semiconductor film 11 is formed on the base insulating film. (Fig.
1A) 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, the crystalline sem conductor filmis fornmed by |aser
crystallization. (Fig. 1B) The crystalline sem conductor film 13 t hat rﬁ%
contracted under the tensile stress 12 by laser irradiation is 4
this enbodi nent, the beans of the 25 excinmer |aser are shaped by the

opti cal sysmearmg@n@& o sRilRiee of the sérlReatdul @ MIANist; rd)\FédadI-RMeQ@r Rin@ne,
and | aser beamirradiation is perfornmed in the air. hthis 17 10 AUG

2005 arranggp@iiine @hystadhdtdt a3 dhe h%@ﬂbﬁ&ﬁéi@gtbx}rlaéfdr|H$hh§1rfd&]ﬁ°it%&?ﬂ
However, the crystalline sem conductor film 13 that has contracted by

| aser beam forfedi ation is forned. Then, the heat treatnent by thernal
anneal i ng using the annealing furnace 5 or the RTA nethod is carried out.

(Fig. 10 In thThegnihedidi®itcarhbsr B thé@id108nednLiRhOYRdandbgideREinace
treatment is carried out for four mnutes at a temperature of 700C in the

ni tr ogensat PERITT A, méGiddds farRa e @aP SICC}TH'I ﬁllsr@ﬁbodlﬁﬁ‘:‘%tt %@tRFPﬁLfﬁ%loe
substrate to contract in the direction indicated by reference nuneral 16.

For this regs@iplofit Metham tgatffn@ﬁt %Qﬁ'rﬁ@d[‘@ﬂ@f&rfoﬁﬂ mfRu3s ad® té1ﬁ§é&la}th1ng
from | aser beam irradiation is | essened, so that the sem conductor film 17

i's obtai nedof TET irPéid @igeg alzﬁlo@@ﬁér@nﬁ@ﬂgheiofzeﬁmlﬁ&e sem conductor | ayer
18 of a desired shape. If “TFTs are then manufact ured by using the

seni conduct or | FAhehPHanMR iR 08d tht Bbstradl fFLIHERE upﬂwﬁfac%hml Sredf ||
beconme excellent. 15 [Enbodinent 2] In this enbodi nent, a net

reduci ng a Wefdferelcd RSN 160 T 6@ ke dsbh Mot R ttl'@@su%%ﬂb@ﬁéﬂ& ﬁﬂﬁ 13

process different fromthe process according to Enmbodi nent

descri bed wWdshldmffRiRnger bk '1&%6113%1’611 @Ie%@neﬁ' §()Sf.tl1’at H&%%ﬁl@&ﬁ(ﬁl’ldtbyﬁ h a}t7ed in

‘Fig. 1A is obtained according to Enbodi nent 1. I nci 1A is
identical t Jokfine®@A SO that |like parts in both of t he draw ngs

Then, patterning is performed 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, a2 method of reducin_g 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. LA 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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are indicated by |ike reference nunerals. Then, the crystalline 10 AUG 2005
sem conductor filmis fornmed by | aser crystallization. (Fig. 2B) The
crystalline sem conductor film 13 that has contracted under the tensile
stress 12 by laser beamirradiation is formed. In this enbodi nent, the

second 25 lhedaitoing ofitht tegdibtionpldie, YAGldsaskdanh Srahaned isvartibeoepinibal
systemto produce the 18 10 AUG 2005 linear formon the irradiation plane,

and | aser pie@@ehratadisplidren WacCatis hadngethent) ceallifich OFEA sehisdheig. Wth
this arrangenent, crystallinity of the sem conductor filmis inproved.

However, tfien samiptondlCHoyel b, thd SerhRahdbadr ¢itmt IBadae haduentrcrell @@ tobeam
irradiation is formed. 5 Then, patterning is performed to forma

sem conduclhgyr HeauelirratRaridiCisdorm&l. Next, the heat treatnment by thernal
anneal i ng using the annealing furnace or the RTA nethod is carried out.

(Fig. 2B) TherThénameahids petBemtdeo fneakémgontiuEfrdgysoulEigbeC)
performed for one to 30 mnutes at 500C or higher, preferably 1n the range

of 550 to 575 exMheOhusd thchrhlRet Bg&éfﬁ{amﬁﬂn@ﬁiﬂgﬁlsing thB@nhealind@rhi@ajrment
shoul d be carried out for one to 30 m nutes at 500" C or higher. In this

enbodi nment shet REAMR clRRhR @htia sed. (Bigt tle) arR@ahdl REntAliMa68nk shapRhdfehg The
heat treatnment for 30 mnutes is therefore carried out at a tenperature of

550C in t hgimatiet ShemehbaprEsRhed Gor sen®e3d hiisuleat 500 e@tgreAthGapsesabie
substrate to contract in the direction 15 indicated by reference nuneral

16, contr agt iNrRloetdIes 59 §PRUOCTWhehi heihd BSURITAGhe hodmsl @sigr dhermt
irradiation is |l essened. Then, if TFTs are manufactured by using a

sem congduc{@sim@nthodll BbEArREG ATl e 230 hiin@fes ihs0beatortiigadmaAtchis
*descri bed above, their electrical characteristics will becone excellent.

[ Enbodi mengmBbdid@dintidihil aAhediPing thd®@ihedneffutfies enhpdicd. VBPheie to
contraction of the
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
semiconductor 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 employed as the substrate 10. In this embodiment, the glass substrate is used as the
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sem conductor filmby using the heat treatnment through the manufa ﬁd;r 205
process different fromthe process according to Enbodinents 1 an I2
be described with reference to Figs. 3Ato 3D. First, the gl ass substrate
or the quartz substrate having transmssivity is 25 errpl oyed as the
substrat e ddserhie thi s enbodi nent, the glass substrate is used as the 19 10
AUG 2005 substrate 10. Then, a conductive filmis deposited over the

substrate 10, "anehtmsh&k@mmm i aelp@sﬁtfeardwﬂ tlﬁ@sdk@ﬂﬁt@l@Qﬂﬂlbt%h\é%cl{lhtrm 21
of a desired shape Any material having heat resistance can be used for

t he conducf@ l&ﬁfofmémo fAneh eoRdhctsel et BHof & dmitdieshapsr 2uR HoRsishivigeof Ta,
W Ti, Cr and Nd, may be used. Alternatively, an alloy material or

a Conpoundhéﬁ%tr@éiétﬁhc@@érﬂbé’ uSot slid AshdlcctvBegil gl eARRle @Y stled R dBomUped.
Al ternatively, a sem conductor filmrepresented by a crystalline silicon

film dgp wFtchna@uh@Bﬂntw elhemt:lﬁ@@n@wm%pﬁ@hs&{ m}teﬁ{a%&e@e an
enpl oyed. Sti al ternati vel y, an alloy of Ag, Pd, Cu (AgPdCu al |l oy)

nmay al so bglgmpheYatlor 40orhpsusd ﬁ%éﬁﬁl@nﬁﬁlﬁ&lﬁﬁsfsﬂﬁd'é?fﬂevﬂelfnbhmn'a§ alBthe
limted to a'single |ayer. Lam nation of ‘the layers of the conductive

films may @edo z‘bﬁeﬁfiﬁﬂv@weﬂ setidridug t @Rt RO ntdd 8 a @H@Qﬂﬁﬁé éﬁﬁccf)ﬂl ki 21

that conprises a Wfilm havi ng a thickness of 400 nmis formed. Then, as

an i nsul atdsgd widn ﬁzllﬁ@iﬁ@(tl&ﬂeﬁml&%%sbﬁ&dsl1{1@9 31@0 bte fyfnm%d asting 15

filmsuch as the silicon oxide film silicon nitrid Im or silicon

oxyni tri dealtdrhativsly, ARMIBY of Img,tmi angdnbediAPaCu 51 &) Sh;h &RA Hé><d1\§1ﬁo§/édl.m
havi ng a thickness of 150 nmis f or med by *t he pl asma D net ho

~sem conducThE sfrubfMrd 3f ke EIREVEFIMNE nbPBMIRHI G siidleMaylhel SRMaeRmyCt or
‘film23 is formed by depositing the anmorphous semi conductor film using the

g)/ Dwel | - KN pEa s sl Ebn A chREilBR W 41eilkd Be BRIMORC. URGHR ¢rebh ek, ple.asma

conductive film 21 that comprises a W film having a thickness of 400 nm is
formed.
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
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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net hod. The sem conductor film23 is formed to have a thickness of 25 to 80
rim (preferably 30 to 60 nm). Any material can be used for the | U AUG 2085
sem conductor film However, preferably, silicon or the alloy of silicon
and germanium (SiGe) is enployed. In this enbodi ment, the anorphous

silicon filmgskdlizznpra Aicdrysriltine kowsonddbt@ffil®S? Nihaic hiaf esnEe-doy uinkler HRCVD
nmet hod. (Fig. 3A) Then, crystallization of the sem conductor filmis

performed hyndilasaess2Q labe 2000adiayishad formal i Bichifemhydibalic) the second
sem conductor film 24 that has contracted under the tensile stress 12 by

| aser beambiatmadicatintmed frohothed AGnlatdtiis shapadbient opiitel sge@nto harsoni ¢
emtted fromthe YAG | aser is shaped by the optical systemso as to

produce t herbdueathef bigaroforinhen iche aetiadidcm plaapeand@ngkek dasem Reaon is
irradiation is 5 performed under vacuum Wth this arrangenent,

crystal |5 nipeyfoahed hendsenvaenguct okVith| thiss armpEoved:, lHeyeMBhityt BE the
crystalline sem conductor film24 that has contracted by | aser beam

i rradi at i osetgohduoed.filinHs gmpaB)edl NEBwetHE the atystallead st oh8usdk Flad put .
Thermal anneal ing using the annealing furnace or the RTA nmethod may be

appl i ed fothithieasheatradce@BbyrRRés bealf inth@incivs i@ rinbe. FTA IWt hod, the heat
treatnent is carried out in the nitrogen atnosphere, for exanple, with 11

infrared hal ogéthenanps Béawpeevtded: undarridédh@ut.sUDbEAALEaaAchIRM-iINS tlar ed
hal ogen | anps 15 provi ded over the substrate turned on. The heat supplied

fromthe hahagsind Arpsce whichd RTAMBashiseehdybd bgplihiefdrogeupta veniedded in
the silicon wafer, is at 700 to 1300C. However, optinmm heat 15 treat nent

~condi tildns Whéh aisingdieeRTiAngheoRod, e SHealk @ra@fmiche isselftie@naid ¢h @he fitrBten Thus,
‘t he operator should determ ne the optinum heat treatnent conditions as

necessary. atmotpliese efobedhm®iy, withe Ihadhrdd Babs@nlahss CRprbAdeduindbpthd i ve
mnutes at a tenperature of 725 Cin the nitrogen atnosphere, using the
RTA et hodsuldtiage aBCren 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 treatment 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 minures
ata temperature of 725 °C in the nitrogen atmosphere, using the RTA method. (Fig.
3C)
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
resu'lting from laser beam irradiation is lessened, so that the semiconductor film 25
is obtaineél.
Then, patterning is performed to form a semiconductor layer 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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20 This heat treatnent causes the substrate to contract in the di{eppiienzifs
i ndi cated by reference nuneral 16. For this reason, contraction of the

sem conductor film24 resulting fromlaser beamirradiation is | essened,

so that the sem conductor film25 is obtained. Then, patterning is

per f or med flmbodimentsign conductor | ayer 26 of a desired 25 shape. If TFTs
are manufactured by using the sem conductor |ayer thus obtained, their

el ectrical chaEadiodtmeti ¢ofwhe prdseno i cexioal widlnbe d2krib0d Akith 20@Fence to

[ Enbodi nent 4] Enbodi nent 4 of the present invention will be described with
reference Figs. KiAso 22B8A to 20E. First, the base insulating film (not shown) .
is formed on the substrate 30. The 5 glass substrate or the quartz

substrat e havi Rgst thanisase $sdula iy filen éngd shyed) asfothed oaubs kiigd£it800. Aet he

base insulating film the insulating filmsuch as the silicon oxide film
si i con3ni glesdeubfstdang oerchsiduscansubsytaid hadag fodmpniissifior iedmpliiedsdsr thet ur e
of the base insulating filmis not limted to a single |ayer. Lam nation

of at | easgultswate BAyerAs dhe bhe insslatiagifitg, thd MBulmyngatlsosted enleejiedn
Further, the base insulating film10 nay not be fornmed. In this enbodi nent,

the gl ass suldstil@i slicen ampideyidd, oadilicdrhexynsirldedm ©fymidd. i Tige farhdrufdof
shown) having a filmthickness of 150 nmis forned over the glass substrate

by the pl adrebds¥ihsrdadnod fildlexhot iged eviacimdetdver, Labimlon sf ivkardwen the
base insulating film (Fig. 20A) The sem conductor film31l is formed by

deposi t i nglaiytws of cey ipkolasing Hims amiyedndiecihgslofdd. MuteidigHeteswelstikmgwimmeans
such as the sputtering nethod, LPCVD nethod or plasma CVD nethod. The

sem congducimay rotlbe f3dmed. arhRentimdinang the thiss kessitols dhplgedlainthe
“(preferably 30 to 60 nm. Any material. can be used for the sem conductor
film HowesbBeon prafietdbfilyn (sddshewn) Aavinkea fidnl e kok ssifl i500m afdrmed over

the glass substrate by the plasma CVD method.

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 meral containing layer 32. As

25  the mertal 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 Sh are
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germanium (Si Ge) is enployed. In this enbodi nent, the anorphous siljicon _
film20 having a filmthickness of 55 nmis forned at a terrperatuﬁeéoaflj&(gﬁﬁﬂ
O C by the plasma CVD nethod. Thereafter, the sem conductor film31 is
doped with a netal elenent for pronoting crystallization by using the
wel | - knownempdoeds uaohthes ctibedapent, erdsohgiomehdroshrasing heclsdlivhpdiedagpthd ng
nmethod to formthe netal containing |ayer 32. As 25 the netal el enent, one
or a pl ur akimoyplodusstiain Blebpatspirsebainteadeflrain t he group consisting of Fe,
Co,.N, Ru, Rh, Pd, Gs, Ir, Pt, Cu, Ag, Au, Sn and Sb are 22 10 AUG 2005
enpl oyed. | n tHbsnenbodinverteat areuheni an daneéd cont @i psrenillgkelysiallizapgild ed t o
the anorphous silicon filmby a spin coating nmethod. Then, the first heat
treat ment bemcandienrditn toofoparthiedirkycyrypltral dendeotde tostim 3ontigt ZOBY i | m
to formthe first crystalline sem conductor film33. (Fig. 20B) 5 Thernal
anneal i g tlhatmabemcaliog dmrents thg ahnedagefuonadehe tRTRATetlkdddmyy beustsed f or
the first heat treatnent. In this enbodinent, the first heat treatnent is
carried ofir thefirftdwat hearsent. Ia thénpebaditrear ofhe Fa@dan ctchement is ogeted
at nosphere, with the annealing furnace. Then, the second crystalline
seni conducbut fdrifbun Bsuris st haempdranyrd GSE0°Clih iheystrabdn zahdspherd Fiigh 120C)
The second crystalline sem conductor film 35 that has contracted under the
tensil e st nessaly fayndaser irradiation is formed. In this enbodinent, the
exci mer | aser beamis shaped by the optical systemso as to produce the
| i near form onThke, ithe agicatd ooryphlne, sandondaetor biélam 35 nadb@tddmyi Biser
performed in the air. Wth this arrangenent, crystallinity of the
senm con@uctostdllidamiohs (F. 20Q) oVed seddomeumestallirkesesscanthcesysinaBbicher has
‘sem conductor film35 that has contracted by |aser beamirradiation is
forned. Theontradredsecdsrdihireatnsile eatoveriid by laberimaldiannesl imgddhatinudes the
anneal i ng

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

produce the linear form on the irradiacion plane, and laser beam irradiation 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 petformed to form the semiconductor layer 40 of a desired
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furnace or the RTA nethod is carried out. (Fig. 20D) In this enbodi nent

the RTA nethod is enployed. The second heat treatnent is carri el Uoébﬂfzﬁ{ﬁ
five 20 mnutes at a tenperature of 750C in the nitrogen atnosphere, with
hal ogen lanps. This heat treatnment causes the substrate to contract in the

di rection ishate: alf 0F Tshyte ﬁﬁirﬁff@é&@ed\w’fﬁglﬁ tﬁ@sexﬁﬁbnanét%r 1528 s GRAHACT | On
of the sem conductor film38 resulting fromlaser beamirradiation is

| essened, sheit BREtlidg chariceandies bl bhibi 3QcelRhcl s obtai ned. Then,
patterning is perforned to formthe sem conductor |ayer 40 of a deS| red 23

10 AUG 2005 shape. If TFTs are manufactured by using the sem conductor

| ayer thus obtained, their electrical characteristics will become

excel | ent . [Eﬁﬂ@d&h@ﬁﬂ”‘ﬂ 5] In this enbodiment, a nethod of reducing a warp
in the sem conductor film 5 through the manufacturing process different

fromthe procegs thgeaittiditich a BFEAR SBRHubinwd \bal%qn%é%ﬁh@&%dﬂ&& ﬁlm
reference to Figs. 21A to 21D. First, the state illustrated in Fig. 20

obt ai ned; agkey@ghnehd %Eﬂ@@@tlﬁﬁ‘m OCG-EbedlffEIteB% frb S thd§Rbedss e@éc'@?ﬂ'xh@' §o
carried out to partially crysta ize the 10 sem conductor filmto formthe

first crysEabddienediwlnduddsenbdd bvﬁ@h%%feréﬁéegto ﬁIGE)zﬂBU% peh anneal i ng t hat

uses the annealing furnace or the RTA nethod nay be used for the first

heat treat ment Fikf thRisg 8 M@ AEN N Fid”'%m {s%th&%@H A LSRENER E'n?oo(a%’h'éher .

out for 100 seconds at a t enper at ur e of I'n the. nitrdgen atnosp
using theg4RTA nethod. 15 Then, the cr ystal I i ne sem conductor film35 is
formed by laser crystallization. |In this enbodinent, the second harnonic

emtted from t Mg eRAGhLagRE Hebir SRERBEMRYis carried out to partially crystallize the

10 - semiconductor film to form the first crystalline semiconductor film 33. (Fig. 20B)
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 faser crystallization.
In this embodiment, the second harmonic emitted from the YAG laser is shaped by
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, patterning is 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 trearment

25 iscarried out at a temperature higher than that for the first heat treatment. In this
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the optical systemso as to produce the linear formon the irradiatgoq;s 2005
pl ane, and |aser beamirradiation is perforned in the nitrogen atnosp ere.

Wth this arrangenent, crystallinity of the sem conductor filmis

i nproved. However, the 20 second crystalline sem conductor film 35 that has

cont r act ed chyhddasehe, Reafallahhadigt | ms%g i abh @ AR fuTRERis 38" THGeESnd

performed to forma sem conductor | ayer 41. Thereafter, the second heat

treatment bat RehtRbnAMNEAHAHHSIRB REnuRHRES! téﬂ'lg:écrﬂﬁi?@(iﬁ @o-the, JIA
method is carried out. The second heat treatnent Is carried out at a

t enper at ur giitbghehcrhfphetdat for the first heat treatnment. In this 24 10
AUG 2005 enbodi nent, thermal annealing using the annealing furnace is

applied. The S%@Heatﬁ%ttmfeh@@éﬁmhés%bé‘@étre t@%l‘?&ﬁct&ﬁ&hﬁ&r@&tﬂ%ﬁi‘f’lﬁl&ttu?
tenperature of 600C in the nitrogen atnosphere treat ment

causes 116 LGubRLERLniAAROB! 3Tk thid *AOMILERALE A bIHCakalond b, AL ence

nunmeral 38. For this reason, contraction of the sem conductor ayer

resul ting BQQ&dlﬁﬁg rfrotﬂ@ 1S Eézﬁ‘ﬂ ﬁﬁédeﬁ?h% kassened.chs tﬁt@%ﬁn&g}giuctot ﬁim

sem conductor fil i s obtained Ts are rranu actured using t

sem conduc4Qrig b@ﬁéﬁ{ed‘l af S or@ Q‘Iﬁ@l‘lﬁﬁfi‘ureﬁi@ Jsirf) &%Eéh&&imﬁﬁ%ﬁ&}e@ r4'2§hh§ S

w || becone excellent. [Enbodi nent 6] I'n this embodi ment

reduci ng a onediRed rth%ﬁ%l@&ﬁtﬂ%}@ﬂ&é@ﬁ;ﬁdslm {RYoHS G cfiig:, heat rea ”E‘nt
t hr ough the manufacturing process different fromthe process according to

Enbodi ment 4 or 5 wll be described with reference to Figs. 22A to 22E.
First, the glass substrate or the quartz substrate having transm ssivity is

15 errpl oyeqrahoiifestfptrate 30. In this embodi nent, the glass substrate is
~used as the substrate 30.

10 In this embodiment, a method of reducing a warp in the semiconductor film
by using the heat 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 cbnsis::ing of the selected element
may also be used. Alternatively, the semiconductor film represented by the
crystalline silicon film doped with the impurity elementsuch 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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Then, the conductive filmis fornmed on the substrate 30, and thenl & 84Gngls
is perforned to forma conductive film51 of a desired shape. Any nateri al
havi ng heat resistance can be used for the conductive film An el ement
selected fromthe 20 group consisting of Ta, W Ti, My, Cu, C and Nd, may
be used. Al kgenatamilayiont dfehe dhyenyofrdteerdraluceine s eompdunte aatpbsvedl aai nl y
consisting of the selected elenent may al so be used. Alternatively, the
seni conduct dis feinthndirepn e sthiet @thduy rivh efilnc 5y sthalt | domeprssel icheWf filom Idemee awi t h
the inmpurity elenment such as phosphorus may al so be enployed. Still

al t er nat i vethickndse ob#0Ownnofs fAgnedd, and Cu (AgPdCu al l oy) may 25 al so be
enpl oyed. The structure of the conductive filmis not limted to a single
25 10 AUG 2005 Tageras ahansuladingfilno$? fdrenddayeihe cohdttevcindbig tthy mishiddye may
al so be enmployed. In this enbodi ment, the conductive film 51 that

conpri se§ tfilen vudh hsixaviliogn axidehfilek ngonoficdOfiimm drssif@megmifthenilnas an
insulating film52 forned on the conductive film51, the insulating 5 film
such as t hefosinletlc dn thixicaeboithent, sht sitionn oikideiftiey Kdding a ehickhéds@BN50xyMist ri de
filmis formed. In this enbodinent, the silicon oxide film having a

t hi ckness ofortsd hyrohie pladhor @D byethbd. pl asma CVD net hod. A seni conduct or
filmb53 is forned on the insulating film The sem conductor filmb53 is

formed by depositsemgcdrivhcanadilpholis feemddentiuecihetlafinb flsThe sthecont@cror
wel | - known neans such as the sputtering nmethod, LPCVD nmethod or plasma CVD

net hod. Thefilserfilc onfluatedr bf idepo&fingscheormmeepicushaeicandid ek fiss usihie 25het 0 80
nm (preferably 30 to 60 nm. Any material can be used for the

sem condict wellfkinomrBdcandiuchve the grefeeimaihychos LPCWD atethb@oaplagyaofvD
silicon and germanium (SiGe) is enployed. In this enbodi nent, the

anor phous sinktlemh The sehavndgcarfilhng3 hifeknesd so hik othdlnamdfssferdtegmby
the plasnma CVD nethod. Thereafter, the sem conductor film53 is doped with
a met al el efpraferdtdy 30 to 60 nm). Any material can be used for the semiconductor film 53.
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) As the 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, Au, Snand Sb are
employed. In this embodiment, the metal containing layer 54 containing nickel is
tormed by the sputtering method.

Then, the first heat treatment is carried out to partially 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 treatment is carried out
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pronoting crystallization by using the well-known nmeans such as thef AUG 2005
sputtering nethod or the solution applying nethod to forma netal
containing layer 54. (Fig. 22A) As the netal elenent, one or a plurality

of the nmetal elenents selected from20 the group consisting of Fe, Co, N,
Ru, Rh, Pd fofourl houtar sCempgatdn, of IH0ait irStha@naroenpiytdheten wibh $he
enbodi nent, the netal containing |layer 54 containing nickel is formed by

t he sputt eranmgalimg hodacdhen, the first heat treatnment is carried out to
partially crystallize the sem conductor filmto forma first crystalline

sem conduct or fitem,55. secbingd. cB2B)llin®Sehtiesndlcraneal 1560 if Hatmasas 1her
anneal i ng furnace or the RTA nethod maybe used for the heat treatnent. In

thi s enbodiomenallizadien.f (Figt 22€9t (Ileathpbdllihe Rafitbeilcost 26 58 UG 29095 for
four hours at a tenperature of 550'C in the nitrogen atnosphere, with the

anneal i Ny foonmacesd Thesy che seaditd saeyssalib ifbansemyclandustMaddd. M 26 (his
formed by laser crystallization. (Fig. 22C) The crystalline sem conductor

film 56 thainmimebr,cdnt cached lindaseanbhes sRasid By $hé @5%ic38 sysseh TR (HY
| aser irradiation. In this enbodi nent, the exciner |aser beamis shaped by

t he opti calpregsiceths inasr foem phodhecigrddigidn phave, hadnuan kdaen kfhddiahion
pl ane, and | aser beamirradiation is performed in the air. Wth this

ar r angenentperforystiah thauit. yWath thiearsamdceontpet eallinidy®f théscniiBsRY&dor fildyever ,
the crystalline sem conductor filmb56 that has contracted 10 by |aser beam

i rradi ati oris irspfosedeHodhen, tHehaysatiprdehgadndu@at ABNGGMat ey il ranagal i ng
using the annealing furnace or the RTA nethod is carried out. (Fig. 22D)

| n t hi sl®&nbedhseemeant edifh Restmed.i s applied. The second heat treatnent
i's carried out for four mnutes at a tenperature of 700'C in the nitrogen

at nosphere, wi tThdalthgeecdraithsar tFoanikd g fhetal fienSERL GRAGUSE A Fehlify 57
t hat has undergone these heat treatnent
furnace or the RTA method is carried out. (Fig. 22D) In this embodiment, the
RTA method is applied. The second heat treatment is carried out for four minutes
at a 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
performed.
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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processes i s reduced, conpared with the tinme after |aser crystall tion is
performed. Then, patterning is perforned to forma sem conductor @eBrUUSB?PQS
of a desired shape. If TFTs are manufactured by using the sem conduct_or

| ayer thus obtained, 20 their electrical characteristics will becone

excel l ent. [ Enfrasi, fige elhis éinboditbhs aeubae@e10,is tfe, WK Behad &%lzﬁ?hﬁ'@l@ of
the active matrix substrate is explained using Fi gs. 4Ato 8. In th

speci fi cat iagrhariune Isubslicat eglon vhiatimBeih borbalieth v espreichest hyandht B@
pi xel portion are forned is Teferred to as an active matrix g substrate

for convenienagig #3069 ghiks AAJAE POGRsS T Kote thdt, hdite: &IRAAITBIT, 4 uarc:
substrate 320 is used, “which is madé of gl ass such as barium borosilicate

gl ass or alsulstta) abﬁh@@ﬂl kilssat@e, d BREABERIIREABY oS HGhidSss CRERhRIF 4R
gl ass, and #1737 gl ass. Note that as the substrate 320, a quartz

substr atse, igfosineiconirsubsingalin. A pBi@ §Llhf§tr§téb§fkhaﬁ(§1t Qéuﬁaﬁ@@tdqja BPScess
substrate on which 5 is forned an insul ati ng film A plastic substrate with

heat resi stemperstereafthec@sbodibRmp et MsehOlisddi s embodi ment nay al so be
used. Then, a base film 321 formed of an insulating filmsuch as a silicon

oxide film  aTdiehi ¢0asdtilht BURfdrided FananfilhiisOAIRXYIH 49 d dBcdd bk silkhor med
on the substrate 320. In this enbodi nent, a two- |l ayer structure is used as

the base fialstticd2mitt@neMeor a%ﬂﬂe@nﬁjﬁﬁit@dlafﬂﬁﬁs fodiBd0sn ehd alfshatd 970. In
structure consisting of two or nore |ayers of the insulating filmnmay be

used. As athisresibddient,of nvbéaeasautidrisdded & Sid boemilaxym t Hegvekiim
32la is formed with a thickness of 10 to 200 nm (preferably 50 to 100 nm

with apl aswke-LYE: fighked MeiingriGh b lic N8 coasickiNO-ABy S %@(iﬁdn@rla‘gﬁ§ of |ti@et hi s
embodi nent, the silicon oxynitride film32la (conposition ratio Si = 32% 0

'T‘h éﬁ 2;? Ehs-ﬂlz&{k% oty Be Lidd. W blfirg [hyd B tHh Sdsn s 3011, BGiliRAH beyhierined.

film 32 1a is formed with a thickness of 10 to 200 nm (preferably 50 to 100 nm) with
a plasma CVD method using SiH,, NH;, and N,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
silicon oxynitride film 321b (composition ratio Si = 32%, O = 59%, N = 7% and

20 H = 2%) 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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a second |l ayer of the base film 321, a silicon oxynitride film321b is
formed and laninated into a thickness of 50 to 200 nm ( pref er ablly Q180G t 2805
150 nm with a plasnma CVD nethod using SiH4 and N20 as reaction gas. In
this enbodi ment, the silicon oxynitride film 321b (conposition ratio Si =

32% 0 = 59%GN soy%rihd 1ik20 THeze 2o dcorfilfd 320 & bivekilless refkt.108e havet S
formed. Subsequently, sem conductor film 322 is formed on the base film

The - sem cengudtiaidd ik ap@e] doscrialiBstidd ofha ssemdeiduatidn. Hurfiod ddhean
anor phous structure which is formed by a known nethod (such as a

sput t eri ng chmt hed; cgpalll-REVD, et wio dherdial @ rpkabrmideMRimeiked ) [doiéas theh
t hi ckness of from25 to 80 nm 25 (preferably 30 to 60 nm. The material of

t he cryst alak initke$ asri condise by afplicableSonatryspaliation drchy shiviFobdderdpdlimi t 1S
preferable to be fornmed of silicon, a silicon germanium 28 10 AUG 2005

(Si Ge) d | dgpeaslly, blee tdkbinatioe of eid densutdgscallizh fo33Ang sncesileddabhiszech next .
The laser crystallization is applied to crystallization of the

seni conductiomitkdlmnduhé heger @dhgiizatidamdhsdris Gryfetdlé itdalseofscakisowhe
thermal crystallization using netal elenents such as nickel as a catal yst

are appl i calcerdrofieRl-effacstabbilzatdf anasfifat Agirge ih GoBHME Ar TFTT 0 in®rroved
Especially, the conbination of the thermal crystallization using netal

el ement s suohsidembiy ek&0 and0d We/dne's EThe elestrahlfiekbtifan msbitedisiabopt ef@r abl e
to use because the electron field-effect nobility of manufacturing an

n-channel WrlerhSwhenrhy éser ennsilliatabliy ohfy &@. to 600 Vs/cm 2 . The
electron field-effect nobility is about 200 VS/ CM2 when the | aser

crystalid zati oPulse @eillaviesed: cdikimubiselight Crhisbh dike®y sePNid Stomer Tisghy
em ssion | asers such as exciner lasers, YAGI|aser, and YV04 | aser can be

used in th&AGslasert apdt ¥V, Zatdraanndd hoell ir chémbishodristalWhickih theldas@r Heam
emtted froma laser oscillator is concentrated into a |inear shape by an

optical sysh@ifodnd whieh o lhicddicatregntrted Aomse MseOBRULLOF isfdontenfrakdaysed
for cases in which the above | asers are used. The crystallization
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 suitably 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
mJ/cm? (typically from 200 to 700 m]/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 mJ/cm’ (typically from 350 to 800 mJ/cm®). The laser beam
concentrated into a linear shape having a width of 100 to 1000 pm, for example 400
wm, is then irradiated over the entire surface of the substrate. Irradiation may be
Iperformed 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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15 conditions may be suitably selected by an operator, but the Bubse -
oscillation frequency is set to 300 Hz, and the | aser energy den i@%i&’f@ﬁ
set between 100 and 800 nj/cm (typically from200 to 700 mj/cm) when an
excinmer |laser is used. Further, the second harnonic is used if a.YAG | aser

i s enpl oyestetdl kenpihBe logdid234s eoposell g aitesey: AR sPlecrs el 57FU¥dr 4 BodQ0 Hz,
and the | aser energy density may be set 20 ‘bet ween 300 and 1000 n / C\VR2

(typi cal | ytof olaaimB5sOehoroBdc rgr/fMR) 24 (Hihe4BpsThe Reamd Baneemt ldted iAo a
| i near shape having aw dt hof 100 to 1000Anl, for exanple 400 Am is then

i rradi at edaeates nidde iand lin€arsshiabade aof ofthel subsh at @ ithiadicatduefcaanibe
performed at this point wwth an ov~rlap ratio for the |linear shape beam set

bet ween  Sragliute@8%he2Sitdogeh AtBogited id@iithin 4 fenioBh@lct6PAkAB DS (B! Aypr 323
is formed by applying nickel using a solution application nethod (Fig. 4A)

- As a §irfheféatk, theathmehé cristali2Rich 6f AGs2RPREalr tlontaimprgciayer 323
is exposed in nitrogen atnosphere at 575C for 4 hours to obtain a

seni conducdheunk istimic2diut FirdilnAB)5 isThansebpneadiann®ohel.0é: liglg. YAG | aser is
made into |inear shape by an optical systemon the irradiation surface and

i rradi ated in Theleatdasoglen datoBERNRIGret hyobiadiRir RMasandia! te fdcbmi325
(Fig. 4C). 5 Therefore, though the crystallization of the sem conductor

filmis inpgevedimant SRoHHK € TFROAOYCIOhifdrh BB BRRnt, ThE K iiRGnBUcior Fipdi ati ng
the laser light. To decrease the distortion formed by irradiating the |aser

l'ight, the3zegergosdiaatcht &@@bg@ﬂitlﬁ&gﬁ@fédétcmeb(fﬂ five ARluteb BsihBih8logen
enbodi nent, the sem conductor film 325 is exposed in the nitrogen

at mospher elagtp. 7DREIfsebrtionus tht Beth@9ndat 6 fild! 326eR wHlichat®h hEherdh sttt i on
of the sem conductor film 326 by which such heat treatnent 1is conducted is

decreased isenpdneddvs técrahidedrcdnigarbdseth sftdrsthallhdez abjsedllizallyys fornmed the
crystalline sem conductor filmis patterned into the desired shape to form
the sem conducThiis faprdsche @2y AliAe Bemiconductor film is patterned into the desired
shape to form the semiconductor layers 402 to 406.
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 to 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 = 2%). 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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Further, after the formation of the seniconductor layer 402 to 40,0 &U6 2805
m nute 15 anount of inpurity elenent (boron or phosphorus) nay be doped to
control a threshold value of the TFT. A gate insulating film407 is then
formed for covering the sem conductor |ayers 402 to 406. The gate

i nsul at i nge plabmad0VD mefharhmdvisith AEQH S tdrateichy ortHosilkans)aindi ®gareshixedon by
a plasma CVD nethod or a sputtering nethod into a filmthickness of 20 from

40 to 150 amd dikchdrged aemhdi frepiency (8. gadeHnsebatdongich bf 005400.8 S Lar'med of
a silicon oxilknitride filminto a thickness of 110 nmm by a plasna CVD net hod

(conposi t i withratd¢agtiBin pre82%e of 40 BOUndN subéttararndnitrand¥of 00 6PYDSE. t he
gate insulating filmis not limted to the silicon oxynitride film and an

ot her i nsubad cheratidrivricont thienh rgnsilhiicefiloreyn beobiaathdas the Siapgfe rh@er or
a lamnation 25 structure. Besides, when the silicon oxide filmis used,

it can be pligsi bkidetfibmbehk by rabkcyie30tHerfhaPkn 200G @ 400asm0YD net hod in
whi ch TECS (tetraethyl orthosilicate) and OZ are m xed and discharged at a

hi gh frequencyThdsB. B6hviin)intdowerA dandid gato insdilduirteofil6h 80WLChnst whiducdive
reaction pressure of 40 Pa and a substrate tenperature of 300 to 400C.

CGood char aftited08 widsa ahickhessgdt2® donKM) @ini gl § sédoreldudiRicelt dlnetDd wichhe
manuf actured 5 silicon oxide filmthus by subsequent thermal annealing at

400 to 500Cchidhesss 04308 howal intn Eiegforméd aad lifengad.e Ihnbl @hb®lindeink 07, a
first conductive film408 with a thickness of 20 to 100 nm and a second

conduct i vefifst tondiQ%iveifilin 408 TR fidasviel a HOA thRrkABS divane aharhescand
lam nated. In this enmbodi nent, the first conductive film408 of TaN film

with alfi | coriduicckaddm €09 30a Whiandwithe: SlacehidkadsscIndactiVviaefbim#Qloof a W
filmwith a filmthickness of 370 nmare formed into |am nation. The TaN

filmis fdamecadyn.SPhe TN Algn Wifbined Fasfafaats witlle M aaaRid Legen nafkal ni ng
at nosphere. Besides, the Wfilmis forned by the sputtering nethod
containing atmosphere. Besides, the W film is formed by the sputtering method
with a W target. The W film may be formed by a thermal CVD method using
tungsten hexafluoride (WF,). Whichever method is used, it is necessary to make
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 fﬂm— formation, a resistivity of from 9 to 20 ufQcm 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, bur the material is not
particularly limited thereto, and either film may be formed of an element selected
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with a Wtarget. The Wfilmmay be fornmed by a thermal CVD rrethoq s}\ng -
tungst en hexafl uoride (WF6). Wi chever nethod is used, it is neces ay t G0
make 15 the material have | ow resistance for use as the gate el ectrode, and
it is preferred that the resistivity of the Wfilmis set to |less than or
equal to 2dron tergroBy comkisting ok, Wi Vs b, At unEr) ardidd, dtan dlqgassicbhe t o
make the Wfilm have | ower resistivity. However, in the case where nmany

i mpurity ebermentrapsued rastenxly gamaariag chatbone @lerédhanic heaidVddnsiuent.
crystallization is inhibited and the resistance becones higher. 20

Ther ef or e, Besidehiasseemboddwent filty rypifien inga ol el Isiiicoy fansgoisddewitigdret hod
using a Wtarget with a high purity of 99.9999% and in addition, by taking
suf fi ci ent imporisj elemant suclt & ghrosykotus) mpybe tkel Mirthirnan hePdas: Aikgseaf rom
m xing therein during the filmformation, a resistivity of from9 to 20
Acm can 5be be eskd z ddksiddst eny hambinaridrhivaydrbetphiset, suthewsfd esmbaaniuchi ve
film408 is made of TaN, 25 and the second conductive film 409 is nade of

W but thewhatlerthal fitss awoiducras thlauliafbyndd wiftedcdloer €Ta) saadded tshesnd i | m
may be formed of an el enent selected 31 10 AUG 2005 fromthe group -

consi st i ngcohddajveillniis foivhed &f W, Quson(iinaame ilNerhidy charfirad dooyiucatefilalis or a
conpound material containing the above elenent as its main constituent.
Besi des, afmenidoiduacion rfitddg (Tpi dndchdnecand kyatiat diverglnsid foe@ad bif vt doped
with an inmpurity element such as phosphorus, nmay be used. Further, an

AgPdCu’ al | aycamelyinbtibe inseHichBési fies coadycwantilmat iformedyf ben@imhayedlsuch
as a conbination in which the first conductive filmis formed of tantalum

(Ta) and t{Eableaaddhesonsubtdndickivk filinsis fantsedofoh], W aa oadsthinah i®Whidh whi ch
the first conductive filmis fornmed of titaniumnitride (TiN) and the

second conduc firstecdiduntive filon nedorefied\bf tan@burbi medido i Thn)whiit hhé hecdid st
conductive filmis formed of tantalumnitride 10 (TaN) and the second
conduct i vecbndumtive filor ivefdrmoéd Af Cuor a conbination in which the first
conductive filmis fornmed of tantalumnitride (TaN) and the second
Next, masks 410 to 415 made of resist are formed using a photolithography
method, 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 embodiment, as the first etching conditions, an ICP (inductively
coupled plasma) etching method is used, a gas mixrure of CF,, Cl, and O, is used as
an etching gas, the gas flow rate is set to 25/25/10 scem, and plasma is generated by
. applying a 500 W RF (13.56 MHz) power to a coil shape electrode under 1 Pa. A
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

32



conductive filmis formed of Cu. Next, masks 410 to 415 nmde of resist\ar%
formed using a photolithography nethod, and a first etching prode8shig 2005
performed in order to formelectrodes and 15 wirings. This first etching
process is performed with the first and second etching conditions. In this
enmbodi ment CERsanich€lfis nsed et ehienchingrds,tthergs flan +4EP i sardu G0/ 3@ kgem,caupl ed
pl asma) etching nethod is used, a gas mixture of CF41Cl, and O, is used as

an et chi ng plmsa istgengessed bowpphtieg b S09EW RE @5/ ZBMIz)smonar @ndcpil aape i s
generated b applying a 500 WRF (13.56 MHz) power to a coil shape

el ectrode whderode Wraler A P20odhyrebly glerfogmdevhiee fav iHouk GB s¢dbdk| AEBE Y RICP)
produced by Matsushita Electric Industrial Co. Ltd. is used here. A 150 W

RF (13.56 NHipOpbiidr) pewat so abpphpdiddt o thbeubithatrade (ssd@iddeeshodi ace
stage) to effectively apply a negative self-bias voltage. The WTilmis

et ched i t kffebgvdly nsheeirivhi self-ldan dolthans Than® fihe senldideoThNofilnotird Berh fi r st
conductive layer is forned into a tapered shape. 25 Thereafter, the first

et chi ng cordiliddonstlar enchagedidhnhe sthamdbeachiig endiidg inedigh URpasd @lf hout
renovi ng the masks 410 to 415 nade of resist, a mxed gas of 32 10 AUG 2005

CF4 and d aré miirskdNase amgtiehétehigagmet ey basnddeavwd &t goirdxBeitelyol B4 30
sccm and plasma is generated by applying a 500 WRF (13.56 MHz) power to

a coil shap@% &l ecler ad@etfortarcithiRg witlodtherebsidee vhehogetechbulgrihefiliabout 30
seconds. A 20 WRF (13.56 MHz) power is also applied to the substrate side

(test piece stagede fiot Schifanbrss) theandegatibnar{ské firdohad suendagadudtiee W
filmand the TaN filmare both etched on the sane order with the second

~et chi ngllcomaiets ansfdrmedhicchat@r4 apeked shaparduieniocgd cflatreott tiat biat helbehi ng
time may be increased by approximately 10 to 20%in order to perform

et chi ng wi tipplitd amshe edsdue swide bhadgatre; imasksldteang With msuikabie beagd. rBlhie

et ching process, the end portions of the first and second conductive 10

| ayer s ar e ahglene#dht capravéparticapengobesikape 160U 47, tlhasefifsegiapefcobliactias

vol t age

? layers 417 to 422 (first conductive layers 417a to 422a and second conductive layers
417b to 422b) constituted of the first conductive layers and the secoﬁd 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.
Then, a first 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/em’
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
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applied to the substrate side by adopting masks of resist with a suitabL% 5
shape. The angle of the tapered portions may be set to 15" to 450 Nﬂﬁmﬂﬂ
first shape conductive |layers 417 to 422 (first conductive |layers 417a to
422a and second conductive layers 417b to 422b) constituted of the first

conducti ve dhayyeiss, dirctondecsee BydrscolTdwcsl Vieechnd @nsissoahe ih@uABde B ehie
first etching process. Reference nuneral 416 denotes a ggate insulating

film and rfegimpacel thbe-fybe condwltatityngnd high cvdicehuatien Nabusgveseds Byst he
first shape conductive layers 417 to 422 are nade thinner by approxi mtely

20 to 50 nun3y =e¢ fdrinied.in ARl alignfgheinrdePITRG iBpAEB&SeimEn PBF [iRpdreshotiBet he
sem conduct or | ayer without 20 renoving the mask nmade of resist (Fig. 5B).

Dopi ng may heyaddride oty isdded b @Re hiPRichGeABEAGE ilﬁguﬁﬂr reBidnk BOb Nt api on
met hod. The condition of the ion doping nethod is that ‘a dosage is | x 10"

to 5 x 19" iatbewbetCacr@ich ahacsel £1etien yobt'agemsenf0 to 100 keV. In this
enbodi nent, the dosage is 1.5 x 10'5 atons/cmi and the accel eration vol t age

is 80 keV. As thigeredfoet, b bdcopldenEithg besces B pédib e d PRhodR efidviiRethe masks
conductivity, an element which bel ongs to group 15 of the periodic table,

typically Qh@&@bﬁk@@n(ﬁ%n@&dgﬁ§@mﬁpmCﬁ?%ui§5H§®4m1%@@a9@&%ﬂﬁﬂ&ﬂﬁm&§aﬂéed
here. In 33 10 AUG 2005 this case, the condictive |ayers 417 to 421 becone

masks to t hbwel Wplilhh iysetdceiveRterched. THRaktbid cbhdudtvieyReer§ A18HGhiBRLY,re aNd
hi gh concentration inpurity regions 306 to 3 10 are fornmed in a

sel f - al i gnifagna@bpaksecditbedc AR rbYes! €iHe dtBEr haRATthe AsscBRJudtidRGers
conductivity is added to the high concentration inmpurity regions 306 to 310

.5 in the copidanbraliaabe haritee@hed (X2802934)0add ¥hd@2dnadtoABL&Ne laydigyeaf ter,
a second etching process is perforned without renoving the masks rmade of

resist. A modd gagogheCF41 Cl2 and 02 may be used as etching gas used and
the Wfilmis selectively etched. The second conductive |ayers 428b to 433b

are formed by NMesgGondosHcdiity Pro&ssss p&fothed at RRHwhamdFiot B& hiiftifur
conductive | ayers
removing the masks from resists. ‘The impurity elements 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
below of the second conductive layers 428b to 433b. Second high concentration
20 impurity regio-ns 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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10 417a to 422a are hardly etched (428a-433a), and the second conju&t"é%g 005
| ayers 428 to 433 are fornmed. Next, a second doping process is perto d2 J
as shown in Fig. 6A without renoving the masks fromresists. The inpurity
el ements which inparts n-type conductivity is doped under the condition
that the do%%%ﬁgéhﬁ@MIdWemowcnamatshaaippmsﬁl of the fubsstiteddgi (rgstricmessgaji t h
an acceleration voltage 70 to 120 keV. In this enbodinent, the dosage is
1.5 x 1014 t&t effeqtévady applicd e acuedasivat sadfibizsl tdgeei s TG, Kiey/ thifHestsgeond
dopi ng process i s using a second shaped conductive |ayers 428 to 433 as
masks, and ¢arsluciipalaveys 41 ewddss4B8a topkth and 43 % tsé&ngnﬁ:bhcumhdmyeétymt t he
bel ow of the second conductive | ayers 428b to 433b. Second hi gh
concent r at i 6 T2md theul ¥ T pf thgponbpazia (pixd THDaard fboved bnemhinathicoRaN
inpurity region 423b to 427h are newWy formed. Next, after the masks are
rermved,5nafglm1m@w0@nﬁmi34hdftbirrdﬁt@§hgpso@m newy forned, and the third
etching process is perfornmed as shown in Fig. 6B. A m xed gas of SF6 and
C, is used as Maxendisr ngmgaisg thhenagks ffonovesisat, ehé snsebtrirtgda®ok 10926 48¢cm
and plasma is generated by applying a 500 WRF (13.56 MHz) power to a coil
shape el ectis derenashileremiodngseltorivdie thibga tp énsubatmadfilohit hyahidusiabobit s@ond
seconds. A 34 1 0 AUG 2005 10 WRF (13.56 MHz) power is also applied to the
substrat e shape copducpiebacstdend 436, afid clot sacehy shppt tendeaia neeatdidve
sel f-bias voltage. Thus, the third shape conductive |layers 435 to 438
(435a to 43‘@6\4333%@5 a8k t(biga88D) of the p-channel type TFT and the TFT of
the pixel portion (pixel TFT) are formed by etching the TaN 5 filmin
-above- médit i oneddudsicssivady,cihiergyisprodeds sut Nelxird dapirgrproesssivigriyy wdvely fashingf r om
resists, the insulating |layers 439 to 444 is forned by renoving
sel ecti vel ymasis 4fkaeta enipysihplresiztd.6 Bartthe ubirdglopes pereming, shapeare
conductive | ayer 428 and 430, and the second shape conductive |ayers 435
formed impurity regions 446 and 447 added with an impurity element for providing

a conductive type reverse to the above-described one conductive type at
semiconductor layers constituting activation layers of p-channel type 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 446c¢) and 447 (including 447a to 447¢) are formed by an ion
doping process using diborane (B,H,) (Fig. 7A). In the third doping processing, the
20 semiconductor layers forming n-channel type TFT's 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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to 438 as a mask (Fig. 6Q 10 Successively, there is carried outla tphﬁdﬂgr
dopi ng processing by newy form ng . nasks 445a to 445c conpri sing peé#‘%t?s. J
By the third doping processing, there are forned inpurity regions 446 and
447 added with an inpurity elenent for providing a conductive type reverse

to the abovecslangdly,bed QnebRANAYCHINE. tYRE @is SERBERRARCEREbAY QIS the
constituting activation |layers of p-channel type TFIs. Thé 15 inpurity

regions ar gedhioiRitcR! yad dbsistingiy 1 88¢iRg, 1Rerd @ﬁ)grcihtmn@ﬂ B grglggla&

provi ding p-type by usihg the second conductive |ayers 435a a as

masks  agaicRpbsddd SRUEdihylye L | di tihe bRBuHAPYES
regi ons 44{3e ﬁ(? ncl udi ng 4{4%%' %k%qﬁggg?{égﬁgag%ﬁ(ﬂ?%&b Elg{tr%etﬁlg?gh%&g&%%g are

formed by FHoid) is 82RItBGIBAr@eRss. usi ng di borane (BA) (Fig. 7A). In the
third doping processing, the 20 sem conductor |ayers form ng n-channel type

TFTs are cover %etlﬁlﬁd?ﬁ% nEskSs A4F0fned & B IGpEOIR! {e8liPOnd &ghshSers A though
the inpurity regions 446 and 447 are added wth phosphorus at

concent r at iyppge deédrifel@niedsr om each other by the first doping processing
and the second dopi ng process, in any of the regions, by carrying out the

dopi ng processi S : . At i _ : Ly for
ooV di hg 25 prGas ] MRLIAAE ICORARNL AEA 161 (Sloth e b HA0YiKg ShERRIks

atons/cni , i j 20y f L QF : 0 ;
A e R g irvise g Rl A

is posed. lp ihﬂﬂ_ﬁtiﬁmﬁ%iiﬂ@l@HingoﬁﬁédrP&F]d B’:wi?@% th?&iﬂe%_@@ld}{% Aol @AY 808 nm

constituting activation |ayers of p-channel "type TFIs are exposed and

di . o . | i T . 10ehis Wit e
accor di fig bgglsi‘n hhgsend %:\@Bh;sl%\éggTﬁga I@ﬁ%ﬁéﬁﬁ@s dhal 1hend r@ga%é& g{t,ejtgﬁgt

(boron) is asy*io add thereto. urity regirons are forne
respective s3eBhCRYAMEHOFIh ST PHInt Bfickness of 150 nm is formed by a plasma CVD

process. Naturally, the first interlayer insulating film 461 is not limited to the silicon
oxynitride film but other insulating film including silicon may be used as a single
layer or a laminated structure.

15 Next, as shown by Fig. 7B, there is carried out a step of activating the impurity
elements added to the respective semiconductor Iayeré. 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

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 alaser annealing method,
the second harmonic of YAG laser and the like (':an be used. In this embodiment,
the activation processing is catried 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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above-described steps. Next, a first interlayer insulating film461 is
formed by renpving the masks 445a to 445c conprising resists. THe(fAllBt2005
interlayer insulating film461 is formed by an insulating filmincluding
silicon and having a thickness of 100 through 200 nm 10 by using a plasma

CVD processilfyf (iR dRuhd Birh .P\?Tdr%]é ?{Eaﬁc corﬁ]go%%ﬂt?%gﬂt’&g!fgp a’rlrr@gj, %ﬂ}édglc%@ride

oxynitride filmhaving a nes nmis fo asma CVD

process. Nafipfyght rot&&f?n%ig'h?ﬁﬂsia@ﬁﬁ%ﬁ%ﬁdbddﬂ%hﬁti ng film461 is not limted

to the silicon oxynitri ITm but other insul'ating filmincluding silicon

nmay be used - as @B fidiHRre LAY fie@hufak 5 -“%ﬁé’?g%‘%%tél?%g Y& Stinjricg)ﬁgﬁggél} ;Taargfl ty

shown by Fig. 713, there i's carried o activating

LTt S, 299 ivhg 0% § RERARLINR D RIBOORIYSHRS iRl Sucl T pARL! YRI5 o e

is carried’out by a thermal anneal | ng process usin urnace annea

furnace,s a g BTg_%elpro@ct@ﬁﬁmaﬁngB%gﬁg %&égﬂgﬁ QGER8naNA ot ggyne'r;%hog%gg%

t hermal anneal i ng process inantro

having an QXYIGERd GeOCHE Al0L LA Gk At 961 5@55&{@9@%@ BRE} can be

preferably, equal to or smaller tha ppm at

_ _ | frougit’ 700" &
Cetona har rar APPSR PREE DEChtter®®, & AL ARER ek MR Ben, et

second har m er and " C for 4
e ctivaldmer RORESTINGc) & GR0N! HeRUhaDbeA AR i SHIBM Ao BBOiG 10T
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hours. Further, the heat trea

£ i nter ) Lati | , T ial q
| veak ot MASE RUEDLOULRLG, DA MM P DR 10, LS o

is weak at heat, I's pre

Those g MandBHE ¥ET00M R d0PR, 4 C e bl 10 fRlaL B ng DT

whose maj or conpdhent 1S sili’C e,” sitliicon i film for

O e 1 e o, Bere s KR LIROUIE ML B 1l Sharid RE 462 CRLDLES, B4 2
inorganic insulating material or an organic insulating material on the first interlayer .
insulating film 461. In this embodiment, there is formed a acrylic resin film having
film thickness of 1.6 um and there is used a film having a viscosity of 10 to 1000 ¢p,

15 preferably, 40 through 200 cp and formed with projections 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
second interlayer insulating film with projection and recess portions on the surface.

20 Also, inorder 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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by carrying out a heat treatment at 300 to 550C for 1 through 12 hours. The
step 5 is a step of termnating dangling bond of the sem conduct brll A& 1y;eﬁ’ﬂ[l5
by hydrogen included in the first interlayer insulating film 461. The

sem conductor |ayer can be hydr ogenated irrespective of existence of the

first interfa %Efa!: tﬁ%@ﬂ%l fel-fod alofRb BgL }g%ﬁ@&ﬁ)y Oz[n&?égesg%g)nfé%sof@rmteg ere

n’:ay be carri e out rogena i on® rogen ‘
Pydrogen at 3G Tt %o%ﬁ‘?gm}ﬁ%tﬁ}oou“ﬂ%e%ﬁ%h% PrReeHOE B, < for #23/‘;‘)
second i nt er | aygi..l OSaliRqd e%féﬁ%umprm B AR ol pﬁ?gamﬂc st ng

material or an orgamc Insulating nmateria

i nsul ating f fn'SlfllrIl}lﬁm'% ehi §%1?EF:%. gésgegktter ttF% "ErhSud?d Ot%gal?&glr gh goﬁgs,l :

film havi ng i ckness ereTs use

R

with proje f ecessh a sur ereo in
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I d
cur face 20 %?MHF%Q%%??%‘%@&% PAPAPELRP IO R EFERS BRA R PR

form ng the,prokgetion and recess portions on the surfaces of the pixel
el ectrodes, projéection portions may be forned in regions bel ow the pixel

i R L T R
LECTeR5100 ShSDUINGE b BEPRSEIES ML L BRI an RS e be
R A o ey Al

o ono. i P BRI REFTR FED AP PRS00 Hhe TR ot

single structure or triple or more structure can be used without the limitation 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 betweren 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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Also, afilmwith the |leveled surface may be used as the second interl ayer
insulating film462. In this case, after the formation of the pix&lQ AUG 2005
el ectrodes, 5 projection and recess portions are fornmed on the surface
with a process using a known method such as a sandbl ast nethod or an

et chi ng methadamiison Bi¢RelBE is Hidd B d&@é ReLLOn Qe 4P0. evented and

reflection light is scattered, 'whiteness i era i ncreased. Then, in

d 0 Sel h 10
Che respect | ve Ihaurrs oy L BECAR S0RAAL S %?SC‘?W T RERE bl

se Wri

fornmed by -pakherni ’F%Oax . ;ﬁm ?acltl‘{aﬁﬁei TF‘T’ 52];2 dTﬁng élHE')nWe P,r#l)% Tt Bps N Iglfness

of 50 nm and an al f1rmt A ckness

of 500 nm peegless % Y hab i o BLASNESEOUGHUT L. B DL S QISIOLE, b

structure can OUt |mt Ion o Sstruc

mat eri als off, M4 £d NG} Sthgostanllé ghl’)s‘% £0 tP&eaAtlrel ll‘ﬁ?dthé acf % n%?tr%@u%&%’t% \r’]\%ri ngs

can be forrred y patterning t am nate m Conpos
further Ti . &ﬂrétgge formed on TaN film Also, in a pi er portion 507, a
pi xel el ectro 0, a gate wiring 469, and a connection electrode 468 are

connect | on’ bet v 4 Pah el EBNTE o0 e e B o B R P Db 1y
foved. A cyAOH4RE dlbhior 9@%%%%%@8{1%%% TRER s OR RS el 'tﬁe
gate el ecz\ég‘gﬁleq{rsf%&ﬁcﬁ% z;';%{r 42633 {cﬁ{s%lgmgt%/]g H}}lt{o (Hetﬁé ol@ etler}% %I‘ufl

el ectr ode tri ca connection W in reg

pi xel TRT g%c@egn@g}mﬁ&%ﬁ&?&@ r@%ﬂ%ﬁg &géﬁb%ﬁ@%&?@ﬂe&%@onmk %¥ef

406 which fungtions as one efect ormn rage capam tor
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as a filmcontaining as It n constl or a

I am nation fbhERENEHEA thé S Hﬁ%&%pé heepisg! theflvﬁgﬁ ! %d&eétzgde 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
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 functioning as a

source region or a drain region. Besides, impurity elements imparting p-type

conductivity are added to the respective semiconductor layers 447a and 447h

25 functioning as one of the elecrodes of the storage capacitor 505. The

semiconductor layer 447 is not added with the impurity element. The storage
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Thus, the driver circuit 506 having a CMOS circuit 508 fornmed by an n-
channel TFT 501 and a p-channel TFT 502 and an n-channel type TFT (b@3i; afth
t he pi xel portion 507 having a pixel TFT 504 and a storage capacitor 505
can be 5 formed over the sane substrate. As a result, the active matrix

n _ _ . the active matrix
306 has 5 CHEAAP 1o o EnGHE AoSkro RS [T aneandh ol P B yPdegi on

Const {uti ngCa parPREC R4zl Bl Brisal aRAMI R st ok et on

inmpurity rqﬂg&me§23a whi ch functions as the source region or the drain
regi on. The p-channel type TFT 502 formng the CMOS circuit by connecting

with the n-cha l1.type,TFET 501 through .an el ectrode 466 has a hannel
formi na regi onqﬂ%ga%‘r’ glnt}}erpﬁﬁcﬁis%rycﬁg&og G OINY YA B T P%H)rb(ﬂlﬁttg%l’é’“ﬁhe
gate elegtr high concentration i rit on 446a which

function asquﬁgo%gg EO?%B}G S R e ﬂ%todjr"g?]ﬁp M8 %ﬁ%b?ﬁé VAT SR HRAT thope
TFT 503 h |, f i i 5 | ) trati i j t
egi on 425 R T HBgthsnd e HherERist i {Frfie Ry HEST el crive  Bek 430a

corrprisingIﬂa art of the gate electrode, and a high concentration inpurity
regi on 425a I"Ch functions as the source region or the drain region. 20

e, Bl T SR G R RS AL 0% R L
oS! e P S ELE e IR 05 PN RICER Ll e LB LR en
Lot gL BB, s RS SERSUSLAML 06, BUACTL0, LG ESREETINE
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dash line B-B’ in Figs. 7A to 7C corresponds to a sectional view taken along the line
B-B’ in Fig. 8.
This embodiment can be performed by freely combining wich the embodiments

15 1tob.

{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 alisnment 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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capacitor 505 is formed fromthe el ectrode 438 (a |am nation of ‘? c&
438h) and the sem conductor |ayers 447a to 447c using the insul at ?{lé?@ UFﬁ
444 as a dielectric nenber. Further, in the pixel structure of this

enbodi nent, an end portion of the pi xel 5 electrode is forned by arrangi ng

it so as toneukt |t@ﬂ1a‘4‘httalfh hRG SR B@the'h'sﬂE%tEO Qel ML hACIH 1%?8: Qﬁh\é‘@? e‘i?e

pi xel electrodes is shielded fromlight w ut using

top view ofin thecdlintilar BRAdd, 9pa@ts it 2 red
in this enbodi nment |a§ sh %m%ﬁl n Sll hfspﬂ%ﬁk%l%hﬂ?%fﬂa’é b%lép%&%g%rvg?gﬁéﬁ&w
nuneral s afge HAhHSEBsttQRe] Ndicate parts corresponding Figs. 4Ato 7C. A
dash line AAA" in Figs. 7A to 7C corresponds to a sectional view taken

al ong the |ineNeR ah Bpp g%d Sibsth 0564 p(il%zh‘tﬂe@%nge@wglyn tllférgs{_ ?éaf' %é)d

corresponds to a sectl vi ew t aken al

enbodi ment 6RA [RR P eﬁ{ﬁﬂ n%[effe o ARITBRBI A mttspu,tlcﬂﬁ”%p})t?cg{ fﬁ&tﬁgd 15 1

to 6. [Enbodi nent 8] ment, an” exp %ma given as

fol | ows of b5b9REaline tROEHIERL,BIS 69%&1%8@&%&%{?‘88!0&ﬁ&%}gﬁg?ﬁ X?ISI"&' gio%p' gy

dewcefromthe active matrix substrate tabrica odlrren

i's used i NFpgee B ' di t
there is provi gegﬁ'%%eﬂg%ﬁa\%&opnd&lpﬁgn%’lk%g?ﬁﬁ?e At Lglpis%aé&%oﬁgap w@‘[& and
t her eaf t er |5.@P ald PENIB I [ above the active matrix
substrate oa;‘y@Flog c 7C, g%m(l{1 Igé:s%%&q%oge&tgﬁee%@ el ectrode 470 and a rubbi ng

processing is Wrthisetgnﬁé&me’:rw HRGE: is lled Rhe sGAROAL T?L%Vn irP Eﬁ%’o%luggﬁgig ng the

alignment film 567, by patternl ng an organic resin

gg;y{ | gir?ge?éfai%fbg%n gg,g%eg}l%mﬂo & AIPATBRoF ARG P por @l Eof PRLERG i Je St r ed

is necessary to shield at least a gap between the gate wiring 469 and the pixel

9

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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in order to maintain an interval between substrates. Further, in gl Bcgl®f2005
the spacers in the columar shape, spacers in a spherical shape nay be

scattered over an entire face of the substrate. Next, an opposed substrate
569 is prepared. Successively, there are formed 5 color layers 570 and 571

and a | eVE'ﬂoFStHeirla’P éﬁﬁifoﬁlligg%(/ﬁ H&&EH‘&%SQO% gfé?ﬁflérsqu{dw@?lung?arﬁnfpg ¢

over |l appi ng the color layer red col e color Tay
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over | appi ng portions of a co ayer of red color and
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Enbodi nent 7. 10 Therefore, In OW ng the tOp View o pi‘xel

portion of Fobedhamnty, dé:htstalilﬁaqgﬁﬁgﬁ%gu&ﬁgd g&%@ﬂegiqg% kgg@ﬂ e e ween

the gate wiring 469 a e pi xe tr ween € gate

Connect i on o) Gt P ke aes Sei Tt et R J3 DoBARRPRAL L I 8 e
the respectfye,&olmY, &Légy%r&cégsﬁr@'ﬂﬁ@ﬁ&% Iﬁh‘ﬁ’nﬁ dfalo fhe th{: ggﬁ%%gis?mt%tgl ng

portions constitute am nat 1'ig the col or 1'ayers over ions to be

shi el ded angf e 1apROPEr, SRSk LRl MARLAY, DRLELon AMUIBLy0L caliens oan

be reduced by shielding the gaps a ete i ght

i Lhout | Tor GRS e ) Byareh JEGE sk 0BT o PNRS L p8VR 0

opposed el 76 constituted by a transparent conductive film is
%EIEIIQ B . .
formed on the levéling filmb5 73 at |east at the pixel portion, an

alignmey {11 mpnd flouddS:{OL ML, QY- ANcARkL IR 3RS Ol LOPLORROPRI SURSL rat e

.and t he rubbi ng processing Is active na

substrate f FEh { : i and the 25 drive circuit, and the
opposed su strggﬂsé}eg‘%v%%da}gl&e)#@lgﬁ%@héfra%gsy seal nenber 568. The seal nenber

568 is mxed Wil bbb AfrtendAd HeBe MR SHPELIBLES bR fy RATLEY cdbodiments
lto7.

[Embodiment 9]

15 In this embodiment, the manufacturing process of an active matrix liquid
crystal display device which is different from that in Embodiment 8 from the active
matrix substrate manufactured in Embodiment 7 is described below. Fig. 10 is used
for explanation.

First, in accordance with Embodiment 7, the active matrix substrate in a state

20 shown in 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 alignment film 1067, a
columnar spacer for maintaining 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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10 AUG 2005 together at a uniforminterval therebetween by the fi+ '[Fﬁ%j-{-}aﬁﬁbﬁ
col umar shape spacers. Thereafter, the interval between the two
substrates is injected with a liquid crystal material 575 and is
conpletely sealed by a seal agent (not illustrated). A well-known |iquid
crystal maperial By Ps.desed for the liquid crystal material 575. 5 In this
way, the reflection type liquid crystal display apparatus shown in Fig. 9
is finished. Rugthegt ne : e i i X .S at the
opposed substrat eE’ mai(/) p@ésﬁf’ \(;S ?Q%%{t%é n]tdg%als ﬁé#%gg'msaﬁgép@' r%ts{ﬁlérs,%bgﬁ ate
pol arizer { NN UL N [ - L VA fo]ol I
Furt her, FPQg:@(?’st pasteﬁrﬁg%gt‘%hﬁgé E@%ﬁégfﬁél }%S&ﬁel&@é'g%ﬁ%ll?gg%hi%tt%re
liquid crysgtegls [i i Lot hi ..bg. used. i.spl ay
flté‘ s 4 aggeﬁyto%??ésﬁ)ﬁ@ b i ?éggé&r\%ﬂ'g&elé’aﬁaﬁﬁb fhe 31@%éacgrc zlgts

portions of vario el ectronrc apparatu enbodi nent can erformed

by f I i - ' -S4 7 ' - ln thi
embodi mant PR B T R i b R L OB W
di spl devi . . |t g . ; h ti
Tt 1 subb ot el e o e ST iR 0T G bR 10"
. q i . . . ; : : .

ot i ve. mat P BOn R oy @Bporiaf Secirole 30621RRGRA Mol 2 R b g, g

th fterg i fd 7.1 St . | ' I X i
subst rat o g IR I GHR bl 3 BERE AR 1ORAICRLE SRt 11
t hi nbodj rent. ' t | Lgnment  film.1067, .

co: 3m?ar Os%)acer Pgﬁﬁ%?prédéﬁ}%f g{é@%‘gg C%fgt V\agl?nat %Egﬁ%éjtrégtbg]slg’icg%’rdgr t{’"medd at a
desiredgy pgsitien by patterning an organic resin filmsuch as an acrylic
‘resin film Further, 25 spherical spacers may be scattered on the entire

surface of t heTﬁQR?LtHeaatC?ivie MR RS6QfardPn which a pixel portion and a driver circuit

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 liquid crystal material 1073 is injected between both the substrates to encapsulate
the substrates completely by an encapsulant (not shown). A known liguid 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
active matrix substrate and the opposing substrate are parted into desired shapes.
20 In addition, 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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10 AUG 2005 the columar spacer. Next, an opposing substrate 1068 is
prepared. On the opposing substrate 1068, there are formed a col qrgd\l@yE05
1074, a light shielding |ayer 1075 and color filters arranged to
correspond to the respective pixels. Further, the driver circuit 5 portion

is al so praqgyi.ded:.w i ght shielding |ayer 1077. A leveling film 1076 is
provi ded tg@(I:TgDvogiruWFﬁglgl)l or filters and the Iight shielding | ayer 1077.

transparent  confuaeeiBocrRPRf n SPRES FaTr SRR i 185 M S TERAERE TS Tt m
1070 = on el B 4G RO OB N BB E o, 2
opposi ng oubelFer B, T AN AUGUR o SufShhopl Rl G Rt "
S A U
encapeul at S2ATHG CBLBS: PARetchbot Bebry BBy e AR R B bt TR DURTE A
kooun |1 01 42 TR 0B 550G S B AR L,
s R T
or ovi ded. - ThancucsoRpEREY e Bk Yo Cotfupilu Rl sSR! bhich
Lech oy (e LB (SRR BRI S AR RS
' (;TmOdi ment acgapthgge qgstgrprﬁgrebyreftrweoel e(s:%?bthg ierl]gct}%ltugmtlgs%eggg) (C-:)gfitrtr&q' tﬁ:som 1 to

organic compounds: one is fluorescence and the other is phosphorescence.

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 semiconductpr 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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43 10 AUG 2005 [ Enbodi nent 10] In this enbodi nent, an active matri x] UG 2085
substrate on which the structure of TFTs is different fromthat on tghé -
substrate manufactured according to Enbodinment 7 will be described. Then,

a light emtting device manufactured according to the present 5 invention

w || be descrihed. Hereinp, di spl panel in which |ight 1tting el enments
formed on the %ﬁ%@%éﬁéﬁ@é@é%&ﬂ@é OBt ke AR @@i‘ gﬁ gespRerively
covering nber, and a display nodule farmed by nounting | C th
di spl ay pﬁﬁgrmfaf @T%EFE&P@LYEW %’Flléfﬁsrl’é%iflf% C@@ﬂ_ﬂlﬁ@v‘r ?E‘QY{%E @fﬁnat 1 g deu ce.

nci dental |y, e li e i e nt _conprises a tight e ing | ayer
con]t ai ni ng Sﬁﬁi%yﬁaﬂf‘gc t‘%ﬁg@%f. I d@ngﬁ-eﬂﬁl%laé?é E%F%iﬁ@aé§ th&§1fb|§71135
application,o n electrical field, 6 an anode er, and . a cathode |ayer.
There are tHET90FES t%ifef@%eaflév%&p@m%%%slégwwﬁbﬁ pererpingritclying aileast

; i,s fl ' [ h h :

FI L 650ondBISe g By ARSI O pTe Sabar8atporm FUEdsr 61 o Botd igath
their ground , state fromtheir single eéqite state, and phosphorescence
its Itigpt erﬁtﬁ}%ﬁn&i’t@ﬁéﬁ’ 1?53165&??%‘3 EFE%TAWC@ ﬁ;?? etsfll@%(t’fi* f OT Yé¢hei r ground
state fromthei ri pl.et excited state.  Here, e e] ectrol um nescence
'rA\tee_rs to eit h%pegoga ¥ %g‘fﬂ@@%@g REPCESh s PTT Tﬂ;}edgﬁgﬁl Hidﬁsﬁéﬁéﬁ?%ﬁiﬁ@?‘_g¥e.
Co5 b o Y ESR i oSl e et Feng o0 et o
- 20 controlli{%%éTFT 604 are forned on an active matrix tiubstrate‘ illustrated

in Fig. 11.elraignimgmangeisusihurcditigaseclsyiorlesas masks thgrebydamaing hek11

including 61 la and 611b over a substratfe 610 and then providing a channel
'f or mi ngl¥ ediOBKENHAUQBUIEBIHE JEGAT- aNamait{ae SREATSh CORGHALID e i15eREVEFie
like in a senmiconductor |ayer 25 on fhe base film611. The sem conduct or
| ayer is fdit gbfg)émcﬁeﬁ@n gaqawiecmsq_géeéﬂﬁ second doping process is chen performed
by using the tapered portions 'of the first conductive 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 com-:h-ictivity type 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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invention, as in Enbodinments I through 7. 44 10 AUG 2005 Gate 6|eﬁﬁé%ﬁﬁ§2mﬁ
628 to 633 fornmed on a gate insulating film®612 respectively for J
| am nation structure conprising first conductive |ayers 628a to 633a and
second conductive | ayers 628b to 633b. They are characterized in that the

tips thergpds & belaras8rodddidlBPehRANSNANRS Fifin iQF cﬁﬂtﬂﬁrtﬁg EASNGr
K the's

etching at least 5 three times. By taking advantage o ape of a gate
el ectrode oy pld ecRRlh etching process, inpurities are introduced into
the sem conductor layer. Specifically, a first etching process is

performed to fof Mk Wt aﬂ%‘lﬁ)%@@h%?%fa}&}fﬁﬁﬁcé 8?2{%?15 g%/%goﬁﬁg@ A forhaRer ed.

Then, a first doping process is per Iina s gni ng nmanner using

the first gatRe8lLAKd QOEShAM B Sine FO8H£RY 1 1P HQS‘%nH’:WFF]@%I. JIX part

concentration inpurity region. Next, thé second conductive [ayer
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is then perfornmed by using the tapere ions O I r'st ‘conducti ve

layer in t heS@LeNHe 9atlelcbrbEd 62U RSOy ogagr})@eé &wd%gggfm.r QM AT T Y

region. Then, the tapered portions of t rst c ve a?er are

part ' al 1y ghehiashdRpbol Ml o0R! dcfrasd ERMCSEh . Aanhll PERUIN hadfhe
insulating filmis g so etched S|nu?taneous y to forman insulating tilm
612 (612a- : s I - o Rlxel LR, ar sked
fo perfor e R T aa i PR b oL B B EPI F BT
formed an . i i i, i i -enent i r{s a
conductivi??ﬂﬁgEghﬁgégggggégggﬁgﬁgg% égg:%gﬁﬁﬁéﬁﬁﬁﬁ%bgggéP%aﬁi§’?@%é’ o the
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The LDD regio using the'ta portions of the secon
el ectrodesjifethe fqStconductive layer is provided to inprove the
reliability Ig)lf % he lFll-cﬁannel TFT. Wth this arrangenent, deterioration of

an on-state CUTLeNtyirch@SHIETG0T FRMe 0 AHaNEE] $ETeCkel Sn kY RYGRLEL 1N
the LDD region, by using an ion

structure in order to reduce an off-state current.  An LDD region 637 (6372 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 insulating 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 isformed 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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25 doping nmethod, the ions of the inpurity elenent are accelerated in the
electric field. Then, the inpurity element is introduced into tHe( AUG 2005
sem conductor fil mthrough the 45 10 AUG 2005 ends of the gate el ectrodes
and the gate insulating filmin the vicinity of the ends of the gate

el ectr Odesorég%K% Eﬁs%lé’{’ﬁ% IJTI zl[EEi\n ?é% aqfa)%sath%owrﬁl%g%f tq}e {En t(r%: On 639
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takes on a tr ln order to uce X ate current.
A LOD regi byl SRaTbuBl 64 458 (P LR d‘flg?(r)PFefs SEIsIYeT o
provided o of a channel 15 formng region 674. In the current
control li nglﬁgr‘g'%%g@ﬂg?%ed of a p-channel TFT, LDD regions 656 and 657,

oo TR R SRR B R e
k TFT
i RS SR SEAT EPE T  1T
| i 635
Loter] e RSl LA IR SOEL SR, Ryt BLSEL BT oo AL Rl 1 930
636. The f E lﬁéfméfpbfdffgt%lhl SHI 1%‘}15! 8 ff!l {TH}(&I%CS O% &F];,O@;, ‘Elﬂ(.Plf_I(, 15 u&,eqoab anl ¢

mat eri al as sl con

etching gas to first etch the second interlayer insulating film 636 formed of the
organic resin material. Then, CF, and O, are used as the etching gas to etch the
tirst interlayer insulating film 635.

15 Then, a conductive metal film is formed by sputtering 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,

Incidentall?, the pix¢1 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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oxide, silicon nitride, or silicon oxynitride, and the second int h}gﬁg 2005
insulating film25 is forned of an organic insulating material such

pol yi m de, acrylic, polyimamde, and BCB (benzocyclobutene). Form ng the
second interl ayer i nsul ati ng filmof the 46 10 AUG 2005 or gani c insulating
mat eri al |nt manper al l ?f surfac$ﬁof flhefllmto

sati sfact or |}ﬁ1 e’f?rafn 1\"96’7 PH Sr%WPk?Ve grd %Ité%TSP?‘E?nécfﬁ)é‘fié}ﬁElv%ffll’élr gani c

resin mte a|SJS W, sothat th |t|cc C|t nce of th
seni conduc r&%vgg @é tlramr?é‘rerrg&%gﬂg pbe ‘3& “‘r“e@?YlalﬁéE‘eP?%J! s

pove MYOCoRROlCLl e AR S e 18 L EL AL 1, U3 9 B RTELRL  e
635, Ther Iez’fl?%gg PRE S SRS Ak ah A R
Fegi ona: 1 GPHER AR TEHE 167 FUBhERt A/ ONaas G P STETSRe FOPTdY
mxture of G 0IhCs dalER %ﬁﬁﬁéid bifer dh Doty [yas i 50 140, BReietRe.
o R SRS SO, oA o
interlayer in film635. 15_.The nduc met fil or med
by Sput { or (G COR VAR b0l eSS e bR b POl Bl 8T & SR ABaP LB .
2ctive mat Viekt EhBEiAREEDY )rwﬁr?éﬁfatﬂs pp%ihlei%h't {ng device i 1] ustrated
L5 4 RS VS e LA R .0
33%’5{ Z's”gn ta iy Foad oot 157 et be i%%ecﬁ%&'a FateBinE dTaahEBr e BTt ghe 7'
10 of the %l%gr{:gr%rc]tresﬁr? ?ﬁm%alx}nq T Tkggss of 100 to 400 nm and containing silicon.
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 this embodiment,

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 1 x 10'° 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. 12, 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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superposing it over the pixel electrode 7 10. Incidentally, the pixel

el ectrode 710 is a pixel electrode (an anode for light 25 emttingf AUG 2005
el enents) formed of a transparent conductive film A conmpound of indiurn

oxi de and tin oxide, a conpound of indiumoxide and -.nme oxide, zinc oxide,

tin 47 10 %P%QQ%%%,% F%ﬁiék&g%sué? f@(hgle?sggﬂgﬁzgirfémin%%ﬁ?erf OAdaRg)alcﬁ Ve

t ransparent conductive ernative ransparent con

film doped gt 98! Figg&f@d{%cﬁ% ﬁ}lgfﬁcﬂgg & pn%g%ll@ R&wed qcetl{a%%%cynlgrs(ﬁ of
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ilzf"cf |r gﬁ? E%Qli}%e;mgry i f%%@ic éllggtﬁﬁgl J Q% 8 sﬁfcgglc%rﬁldé %Ln IaPsolblele%i%l{)?eth %Htﬂe Fig.
charge transporting layer or the charge injecting layer. A well-known material 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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corresponding to the colors of R (red), G (green), and B (bl ue) Qgr rred
separately in this enbodinent. In this enbodinent, a . |ow nol ec A

light emtting material layer is forned by vapor deposition. SpeC|f|caIIy,
the |ight en1'tting Iayer 25 713 is forned by lam nating a

tr|s8qU|n0I| ate l.ex fil m, havin i ckness of 70
nmas a |igh lgiz?y[elrpﬁ'an? g{/@’rﬂ é@’lf“g%‘)l@ O%ﬁ?%%‘?ﬁa@ﬁlﬂ W&GB‘A 19605

(CuPc) film h@VI ng a thickness of 20 nm as a hole injecting layer. Addition
of a fluor&tent pi gnent such as gui nacri done, perylene, or DCM 1 enabl es

control of ht emttin The terigls descri bed above ar

exanpl es of orgfélgﬁ S 45Nt 1% eﬁif tﬂﬁ thak & film pLovigingggoc eﬁécd%éﬁ‘if%rtﬁfhe

| i ght emttln invention is not_Jlimted Gﬁ)]}l
1%9

material s. PPé i S RLGRR e BV Cehiar et G

char ge etn r b nblnedfreel alight .emtfin

I aye? uls‘gJ @6‘%’ 871513%[6 C@EE%%} ﬁ]ﬁng T PUERGSS n %EhrctE g’]tlmrﬁﬂ}bg‘élﬁ‘?m?‘fé}c&gary
for the light em ssion. senbodlmanb @d cr| nvvi?lr(g ectedto
the case wh Paﬂeaaﬁuawwgém% t%p%f@agﬁ. te 1D gt WS alfilmgan

enmpl oyed for th mttin h rmlecular . yner rganic
I rght yem tﬁ?en Ié‘?m%ﬁde ‘F%V&:E’\fg %h@b%’estg g by emyittingdgyey -};lr% y%‘ﬂn% A ﬁ?’ganl c
mat eri al h ilico r bi loyed for the, charge
transporti %eqtiﬁ%?m{}?e Egrtgﬁ’értgﬁrﬁna(?@%ﬂﬁ qe‘élﬁ logking e 6W5W§g¢%l can
be used for_ the an t emtti and i no material.
TE Novt. | o souban s RRHBN R it At ettt BYRG DL farthe it Son B detr e ne
i ght tti 1 In this e ment, an alloy filmof alum num
and mﬁ@" un(?’il@gﬂ éﬁtf&sh" éﬂwﬁbﬁ}éﬁffﬁ%f%fmc g FyubpeaE bu%1%dﬂpﬂk%%&m bry- Ag
film which is an.alloy filmof magnesium and silver, may al so be used.

The conducth<&® rl”iefim made from an elenent bel onging to Goup 1 or Group 2

of the periodi bIe or th onductjve 20 .fil m doped Y\n%htheeelements
shoul d be enpl ilsqa(]ﬁ 1§ oV, @éthepasswationﬁ m 716, and a covering

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 films, 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, the n-channel switching TFT
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Upon formation of the cathode 714, a light emtting elenment 715 i n
conpleted. Herein, the light em tt| ng el enent. 715 refers to di odﬁé} ﬁHgt 2065
conprises the pixel electrode (anode) 710, light emtting layer 713, and
cathode 714. It is effective to provide a passivation film716 so as to

conpl et el y gvandthe n—@ﬁdﬂegbﬁrr&'ﬁﬂ &ddcneligh qmﬂéo{ IR foﬁﬁe BsY! af& 'sﬂ&tidtt m

|nclud|ngacarbonf| the silicon nitride film or t e Si
oxyni tride #iid, ”Th§n\:lﬁﬁiér @mam@s ﬁaﬁ%&%m@n{ahh@& Ac% %133 &L@é O
single | ayer of one of these | ms or | am nation obt% ne I'ng

these fil ms;sies thlz%?&aatlr@qﬁﬁ‘éc?fcﬁaﬁﬁr idel ab v Phihe ﬁbﬂlﬁu&d}ﬁho%&{&m provi ding

good coverage is used as the pass Pvat | on t is parfticularly

ef fective to usgop GRCIRMIN HHB T?msh@#akmgl(j%ggab(@hm Al %&1@%&9“)

filmfor this purpose. The DLC filmcan be In a tenperature range

of room § enpehat mlﬁot;@m@ﬁpm%l%ukﬁa«sﬁgmdmﬂamaml&y 1££u‘1£%&ﬁ: oRBs € "y

formed even in a region above ht emtting er ng a
heat resistlpnesglizdgurther, the DLC fil mhas a hi gh bl ocking effect agal nst
oxygen, so that oxidation of the light emtting |ayer 713 can be

suppressed. Forpdh &, ﬁse@@sgﬂbe&%l&f(ﬂeg&téh@%tcpﬁgg he Aﬂdgg'i Eﬁ@uﬁlhhﬂgz IIL@X)‘?{ 713

duri ng a subsequent seal I Ng process can revente urt sea]TSant

717 is provirdedledathtiig: PRS ghaliEORodd [suptfhosBddyer ﬁ?é/%oaawthea%m%8718

is bonded to the sealant 7177 An uﬁ?raw 0 é curabl e resim nay be“used for

the seal antindfi{sin@Rfni Wik tﬁ{sfa‘%ﬁltriﬂ\éﬁletn? 4 R\@hQﬁnElh?F?'tﬂa?I %E@?ﬁ& w%u]i%at

has the 15 effect - of absorbing noi’sture or preventing oXi dati on

enbodi npnt de&&%raﬁ%ﬁ%&hﬂﬂn%@? El‘Bon f&?ﬂ@r Qﬁ’ecftgﬁﬂl(l) HB 9052 P O b P 1 lig a,

.preferably the dianond-11ké car over th of the upper an wer

surfaces of. & stic substrate
i ncl udi ng z;ngltgﬂé‘f Iﬁgwéé”@ﬁqﬂl{ ?ﬁ%&p?%&%éfraﬁgﬁi%ﬁ bt%ﬁi@t ight enmtting

devi ce having gnShiUGhHEGnRHENo@S thh Y&l 'i)%h‘;f&l bAd the driver circuit are shown.

However, according 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 y 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
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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20 Fig. 12 is conpleted. Incidentally, after formation of the bank 712, it
is effective to use a multi-chanber type filmform ng device or} §nAiiR- Fithe
type filmformng device to continuously performthe processing steps up
to formation of the passivation film 716, w thout exposure to atnosphere.

Further, ooy BORELLE, L0, ML S BT B REGETR 3t o
wi toni mg. T 56725 WHESGE2 605, “and the n-channel curfent control ing TET
c0s e Tormeo eyes L0 Sy, PO, DUIRSE T THRIS oL R U0 1
ypreal SR ik 0L SR e O R ESOPERL LAl Yoy DB TET
n B ot 0, i AP, CESNSLLGTcL, [9OSELAL 00,9518, s B 2o
oo on | MRS LR SORCBFIG, ShSEH B4, 1 SRS ORREOEYHah0e
TET I Skt it S0,V LGSR LT PR
0% e AL S S L A SN 0RO P
renutactur g LSRR S GIRTLIARC L Bk ion 1 these, 2’ gna
UL 5UEN, SRS SR UL PO, R B, SIS et
SR XE ORI TN a0 e

formed on the substrate 700. The pixel portion 806 is composed of the current

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 wiring 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
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performed will be described with reference to Figs. 13A and 13B. Like parts
are 20 indicated by like reference nunerals in Fig. 12, as necesshrly AUBi gils
13A is a top view showing a state where the l'i ght emtti ng el ement has

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

line C - cové%ﬁ{gerﬁgﬂl%@r%' AthSbhe eﬁgftgfoteggrgp%t aridaf ted,leh 7 m&e@}%tf&& a

source driver citcult, erencé’nuner enotes a IX€ ion, and

reference E%'F%@%elﬁg& %tﬁﬁidzéltfl SaL e @Overprgqef%taa %ﬁ'{ Sr@ﬂﬁ% yier al

901 denotes a €overing nenber erence ‘nunera a firs

seal i ng ”e@et'he 8% eh ‘?Elﬁ:nl TR th%%%aﬂﬁ?gg?s Frebir ;&enk&%og‘% Cond

seal|ng nme A sea IS provi I'nside an aré€

first seal ing, @H&%B %irﬁénﬁz:&?g éﬂﬁ{gﬁﬁlaﬂha? %qulggﬁﬁsco\%ﬂepgng nggfn d a

transmtting a S|gna e Su to a source driver circul

gate dri ve5 Lfcch“hsf pé%gﬂ? ;rr%tﬂ“f iR gaozlill:gf‘?ﬁf‘ée"&%t lﬁéggg'eﬂﬁ& sranaly

cl ock si gna rom a X b prin clircuit) I'S "‘an extter naI

cr v ng. a"mrAEe AR F PR Bhe by @%%3@5@ i XO%&‘?H{XD R PSHERETERC e 1§ ght
emtti ng devi C?h@%%?l'a{# b@? ?&8‘{1&8& (58 @Bé{er tt %ﬁ 1 1?(9%%&181’1( ap ellbg%(gnb

enlttlng devi cé evi ce

attfened. 10Nehes 2108 %ﬁ%kie%@?%@%%%? e i Al e R
gate, 01 Vet s 1 A0E 000 ﬂ%ﬁff&ww@dgmgp AT o
e Ll 2 e e SRS comeriod Lo e
formed by usi @ NDSCGL Y, PRTRI RAGHIE, WnghaDTeliTFToy SBF sandhd e

p- channel TFT ér to @I ect drctions as

the anode E&qin%qgerhbgp%? @ﬁr%b%detb%g@@ 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 member 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 Qf a substance such as water or oxygen from the
ourside, which accelerates deterioration of the light emitting layer by causing
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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The banks 712 are fornmed on both sides of the pixel electrode 710%. TE@G 3005
light emtting layer 713 and the cathode 714 for the light emtt ng '
el enents are fornmed 20 on the picture electrode 7 10. The cathode 714 al so
functions as the wiring common to all the pixels, and is electrically

connect ed t&01 heFiEPCl 208mploged RS 2 CARRAE LHLRACMIG TET Y41 . Afle e ol ehement s
contained in the pixel portion 806 and the gaté€ driver circuit 807 are

covered wi téf thheus@bbedendhhearer uhe1 W%io\ﬂ%@e%tirgi%dzlw céﬁ‘l@lect%ﬁ hRe g ﬁg} ng

nmenber 901 is bonded by the first sealing nenber pacers forne

resin fil myaihgddfSPswiecheITEKEd48D. t i - h 10
AUG 2005 covering rrsénbgar 901 aﬁggt hgfh!ei%ﬁﬁﬁ@ﬁfﬁ%@gﬂ%@ﬁ%&ﬁ%ﬁ%&bﬁﬁ ar ea
i nsi de the 45(1si ele@ﬁ?daﬂi@_ﬁoﬂ?l@ﬁ%a%@?efl ERcirbhé g5 NBt@f%&@@%@%@ 4599

Preferably, an epoxy resin 1s use or the first sealing ne

the seal antind@4resr iteAayRIRIBLI@N Mimthe first sealing menber 902 is
formed of a material that' is perneable to water and oxygen 5 as nuch as

possi bl e. Still[nf gHi Iéﬁ’fbod%@ﬂﬂ%@%ﬁei})@@étr&@es_45@@f(?rfnflﬁﬁf fcoARROGRL

. x ; . gl]
noi sture or preventing oxidation may be contained in e seal ant 909. The

seal ant 907prAYhsad o | Rkl hgs e g as
an adhesi veuf or bondit ngc%tﬁ%ﬁ@%é%ﬂ%%}ﬂg@%ﬁ%%kt%él}% | %ﬁgﬁﬁéﬂg’]ﬁ{ﬁg glhggﬁl:hl’ﬂqup

(fi bergl asszlgiim@r¢LdiRlL A% id éi%%loy%{%}r%@@bi}%ﬁ éléf(!tr&ﬁé%ddrﬁ@[ re{%é(ﬁ{ductive

pol yester, or acrylic 10 can e oyed for a material o e covering

menber 901 I kfaHe Hifn GASEH PG FBARSH: 99 ggbtﬁg Q%}C@g)déﬂ)sl Bgtﬁcﬂ% r%)gl)"f‘(ép%fs}l')g% 907,

the second sealing nenber 903 is provVid cover the si

sur f ace) o of ot DeorsBRl AR P8 pe PRith ¢ t egéli?ﬁkn{s%a\} P@ eI, seal i ng menbers

. it
:903, the sane material as that for irst sealing nmenber 902 can be

enpl oyed. 15 Engapsibatitih @l 459 i Bt LMddd:itRY pRlcE PRREHP 4508, 38kant 907
with the arrangement desctibed above allows the [ight emtting elengnt to
be conpl et &by one pixel is illustrated in Fig. 14, a light emitting layer that emits a color of
‘lig.ht‘ 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 comprises layered 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.
Next, an anode 4506 formed of 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.

It is effective to provide a passivation film 4508 such that the light emitting
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bl ocked fromthe outside. Entering of a substance such as water gr oxtyﬁ
fromthe outside, which accel erates deterioration of the Iight npt‘f" w%
| ayer by causing oxidation thereof can be thereby prevented. Therefore,
the light emtting device 20 with a high degree of reliability can be

obtained. This e Lment ca freely c ined with Enbodi nents 1.

t hor ough 7.ep g%sﬁzﬁfe Eg?ppq%moge@%\ggﬁggﬁtp@%vqq it OF IS EE At e
havi ng a pi-xel ruct ur ifferent romthat in Enbadi ment 10 will. be
Goscr bod TR SPBABENED of b Hine U5 Rsh e ﬁ@argan&ﬂa: sithgon gitigg fibRat has
the same structure as.t]gi% fri-chﬁnel TET 53{ 10 2‘0(%21 601 in Fig, 11 .is
enpl oyed aS" STEAP BYRIES B PhylfeTaeion ormel fuse TEPeOF Adaringion pb
current co troluinq TFT, 4501 is of course electrically connected to the
drain wrt egse&mé SHi%hi ng TFT 4402. The drain wiring of the current

Note, 1 er enceVRRer aPHE0 o8 Fnar ies G FH SRIAET F0) Bkngnit m 1 n
Funct | ons. S0V e BATHBALSBR KRR “arte ke Ehe e 1ISgBeI Ay i
L Ll AR DRI W B
G0 2 o (e, R0l 19,08, SERELLYS UL SeBet e
e R e S i LA ST il
(pr et orgbi §ShTR LBk iy TR, arEPERot e ¢ petheiata aAFHE R Gt 15

emtting |ayer. 4505 conpr,ises |ayered l.am nati,on of a filmof |ithium
f1uoride hEASHGSY Stfarng;EﬂBaglgot#‘eigasﬁ%fg’én BE7RE¥ Y on i njecting |ayer and a

PPV This embodiment can be freely combined with Embodiments 1 through 7.

[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.

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 (51la and 511b) over the gate wirings,
and then providing the channel forh;ing 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 inventon, as in
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(pol ypar aphenyl enevi nyl ene) filmhaving a thickness of 70 nm superi rrpo,s;ﬁeq’
thereon as the light emtting |ayer. Next, an anode 4506 formed ol GAUG 2
transparent conductive filmis provided on 20 the light emtting |ayer
4505. In this enbodi nent, a conductive filmfornmed of a conpound of indium
oxi de and Lihoh&Ssar tRog@pound of indium oxide and zinc oxide is
enpl oyed as the transparent conductive film Upon formation of the anode
4506, |ight emtyd - olyel - A bbb
el enents 4507 P;Fe%é_e‘%’;'%e?%?ggp%gzg(?g gg%c)gor?posedﬁ%?‘dthé%%ﬁ%bg?@(%ﬁ%@%%ﬁ?’od_e
(cat hode), ARRASHlIIBILLbf 190 Y R 490FA ST BORHE AR08 ikl et e
2005 el ene I . i assi vadi.on filay The
2005, ¢! eTor) apho0L BE SEUIRLELELF OSREh W Kallie Rass] Vot oneld Lo The
oneof Thest T heliRst B a0, B ULHR0, RIGHAY B8l ST SLARE HBLr
seal ant 45 i i i i il 3, | ng
rember 4510715 bBagR o° Tl B dRPETHER SRe bl D AR aBOR BT
may be use A Lol fect.l provi ded therein
Sod @616y ﬁ?@éas tt%ﬁhlbe%? %nda;f(}?ia&a %}g}%}l?&bﬂo SEll KGR,

the substance that e ect I ng noisture or preventing

Cdation. 1 Lo o . . . :
carbon 11 s, BB PR G e R o A B ek or t he
gl ass subsﬁfs@agpmgg)f@ee%s RUBRIIAN R o O B BHID B r%g@%gg@g:r%%&gﬂﬂe

plastic filmis e oyed. enbodi nent can

Enbodi ngnt ﬁ‘c'hahﬂéﬁggﬁ. ﬁh&#@&%hﬁ?% cﬁaliedl(gh%iﬁn A gﬂg’rccﬁaﬁawgghng%&{) Xe

matrix substrate ving a tructure ere rom-t

substrate %h%‘fﬁy 'fsegoﬁ&'l: qt %'nngnﬁlﬁnjyzrnagﬂleﬁg ’EHén&) a{%g imparting the n-type

conductivity, and first impurity regions 530 and 533 are formed by means of a mask.

005

Then, another mask for covering the LDD 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)—channel TFT. The doping may be carried out by adding an impurity
element (acceptor) for imparting the p-type conductivity by ion doping or ion
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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10 will be described. Then, a liquid crystal display device manufactured
according to the present invention wll be described. On an actiivé Adfi 14085
substrate illustrated in Fig. 15A, a driver circuit 506 conprising an

n- channel TFT 503 and a p-channel TFT 502 and a pixel portion 20 507

conpri si ngafd Rl ¥@lred oF Rth 8o 5980r BYehsaRalddilenpOtheaTETE QhREGn diRese
TFTs are manufactured by first formng gate wirings '512 to 517 over a

substrate Bhlle-fareRirnonad. Hishvat,ihgy fdaly@ﬂs%:lt&ké 8 1Re 8ahRekakbr@Mate dhe
gate wrings, and t hen provi ding the channel form ng region, source

region, drghdurifl@igars stafcturd.DD regi on or the like for the sem conductor
| ayer on the insulating film The 25 sem conductor |layer is forned

according to t net}&r;ﬂﬁ.@lrﬁomaﬁgovl @R piRd TET 504 ARnAUG, 2A00IEIRRITIENGL R d
through 7. The gate wirings 512 to 517 are formed with a thickness of 200

to 400 §m on%%f@n&bbxteastmutai@ﬁﬁér&fr t%%dﬂm: BEGA fGrecpblgesl. The 1P
W rings are tapered So as to i nprove the step coverage of the fllms to be

formed t hetegmn 5BReamhdl utfe bPEBntRPRLEB LAl bRASIIS of R 8f h BB nel
degrees, preferably from 15 to 25 degrees. The "tapered portions are forned

by dry etcﬂkﬁﬁnci%%m@mgﬁﬁ Qﬁuﬂﬂ§ &&§§ﬁ§g39QhkiQB§zh@sz@HtWRh|&@ R)ypde
etching gas and a bias applied the substrate. Inpurity regions are -

fornmed by fhpstiptdlémean Itnf'tldd@tl&i)@s@ﬁu&ﬁﬂﬁﬁﬁ%ﬁmdﬂ 5?§3tm thP8rorhdd &pad@Bt NY
process is carried out to forman LDD (lightly doped drain) region of the

10 n- channgps T Tn b EPRYiAY a@%@@n@aérea%toyh BYs LAMAARLRY Bk hQPpe
i npl antation. Phosphorus is doped as an inpurity element (donor) for

i mpart ijpg hﬁguﬂtyt)ype conductivity, and first inpurity regions 530 and 533
‘are forned by neans of a mask. Then, another nask for covering the LDD

region of the Tiﬁhﬂ%ye?ﬁsu‘lzﬁﬁ%lﬁ?s%omﬁﬁ& 4 h%t%ﬁ&@l&?eﬂ%hﬁgin@rfﬁﬁe
carried out to formthe source and drain regi ons he n-channe TFT
and a second interlayer insulating film 541. The first mauiatmg film 540 is formed
of an inorganic material such as silicon oxide, silicon 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 dielectric constant of organic resin
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 film 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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Then, the third doping process is carried out to formthe sourceh ngﬁgrgkﬁ
regi ons of the p-channel TFT. The doping may be carried out by addi ng an
inmpurity element (acceptor) for inparting the p-type conductivity by ion
doping or ion inplantation. Since the portions of the sem conductor |ayer

on i ch then? s GAN0EL IS, BL8ud LR, & RIBRKEunl 91 HORNEA LY (6L erent

for inparting conductrvity 1s’hot “Intraduce 0S€

porti ons. Jrgaﬁibiréstiﬁgp%%hgfnﬁ'heﬁ,r@l: ﬁt%gpzezﬁie%en?%% E&g;%&{ﬁgﬁge@hﬁl the ot

S
fornmed. However, region nay courseé i'S way, the

LDD regi o gfrng, - in region 531 are formed 25 outside of a
channel fglrrs;t‘l%glé r S?br%%%gﬁﬁﬁh}%ﬁé@n-channel TFT 503. The p-channel TFT 502

has the sim | aighezl&ﬁ%%h%%cw@%tﬁl ilﬁ'?g%hﬁ&?b?gg@_t%%ngﬁ#%glg{%qggﬁ(% r'](?ﬁon 527

56 1 0 AUG 200 a sourceé or drain regron t he

TETS L ake QHohlS o SR RS STTUCLILE o HROEYE! o 41PN Al S0 LG, On e

doubl e-'gate struc e-gdte structure. portion

507, the pixelRET D04, QLUPd. ol -gDARNEL, TET takes 5 on the milti-gate

structure’in order to reduce the of ate current. The LDD region 533 and

a source or dr&ipﬁ(é(gre,%gio?ﬂlé%%%acggﬁng%glv%g%% 18%%%@@2%8{&@?}8{‘ﬁglﬂg'_tp)e/%lgﬁ% ng

regi on 532. Furt regions are a

e, SR 9% LA 0 00

capaci t or e THpUT it ySel eneén I ment ,

the n-tyDe b0l ABUCL i THESL BLELEAY SIhol DBt L8 LULIR.SOMEL 363, 1 Tt

i nterlayer T nsulating Secon ayer  iisulating
S0 T kB S AR ) IO et
thickness 0t R0nh 812 0% s8kke TD ?:@efb%d ThHE %{Jclica@fse 551 TR R ip?}%lflji(jlrmo§4a]fei S

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 ﬁ'revented. 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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15 formed of an organic insulating material such as polyinude, i%# o
pol yi nuam de, and BCB (benzocycl obutene). Form ng the second int zfyjéﬁ' 2005
insulating filmof the organic insulating material in this manner allows

the surface of the filmto be satisfactorily flat. Furt her, general ly, the

di el ectric congi ghl hbQigRAkCa 11BAE gnu LhEALS nﬁzﬁ‘lu!f?é’f’u w‘itﬁaghut{tg € Ve

parasitic capacitance can be redtce Wever, organ|c naten

hygroscopi gigx s§sctRaLIIEREY @{ﬁgﬁ%gﬁgéﬁ@ﬁzew bUBE b jihe protective

film Accordingly, it is pre era secon |nterlayer i nsul ati ng

filmb4l is fREfE%Hnb'BoFP:m?B“é"‘I'F%‘% hhs EH&%afders% TSk tﬁyﬁrcﬂa%ui ?F'rng

film540. Thereafter, a resist havi ng a predetermned patternis

formed, angot ReRiosCos aﬁ{%t‘%%crﬁg%ge@ﬁﬁ@cﬁﬂeﬂp dﬁ%&h%"ﬂ‘@%%? et he

drain regi ons forned 25 r ective sem conductor®layers are }orned

Formatign pfet H@cﬁ‘@&é ad:ft (HOL &S ehS B ﬁfrt)ﬁh"meg'ﬁ 4%0%\0% g‘g 6@%156' %ltcrﬂfléal@a

m xture of “CF41 0., and He I's use as t etching ga

first et Chcélgﬁfe&@rﬁ é&%ﬁ{ l«v?ﬁgof ﬂﬂl'l%%lw% A& THMAR1 For Hﬁ% Wuntvb§f H(U gani ¢

resin nateri ar e use as the etching

first integhayer chastlipld Ne-t 40 Eiéoel%&ﬂﬁﬁ'ﬂ%%oﬁﬁg&gﬁtﬂo"ﬂaé*?;h%'l docfldes

formed by sputtering or vacuu orma res pattern.
Thereaftergsmirings 543 to 549 are forned by etching. An active matrix
substrate can be formed in this way. A process of manufacturing an active

matrix liquid gi i@éaex H5iRg rthﬁle 15(@\/’\%15 ?é}'ﬁOﬁ"f?ﬁﬁE@t& '(ﬂ)rﬁug%:\]?? py Il be

descri bed. Fig. ows the sta Ive matriXx te and

a1 0DPQY) SRR L34 SHAAESoPRISAARELDSLCAY HRNACIA oL, Aihenhie

menber 558 I'rst, urmar spac%r S or med

matrix SUbﬁltu'hﬁhﬁrﬂ cﬁlﬂnu{n gﬁge& RAGRE 1&?&16&8‘[)&1& Hﬁg@!{lﬁge ?gé{xa&{h@g e

provi ded so as to over n conta portions o ectr ode.

IEZ”%Q. gxgﬁ%ﬂ% %?%c%%&ﬁdiﬁ&e&%n@béﬂoﬂgin% tgr@ﬁﬁ%' 1 BRESLHRD #38dpkRodiPeadey! ce.

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)
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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spacer is arranged to be three to 10 m In the contact portions, concave

portions 15 corresponding to the contact holes are forned. There{cp;rmjﬁbzsﬁ

form ng the spacers at positions to coincide with these concave portions
bel ow, derangenent of the orientation of liquid crystals can be prevented.

Ther eaf t er coapl@ed ety e‘iﬂﬁt’f‘i‘ré ABmekd Wre{rf- 1lfe?%r tgg%gﬂ r%fagg %}%ﬁp%ige carry

~out a rubbing process transparent conductive

or i ent at i of{ bl 5REuALE ( z%@stegaggo@gghgg&q&hgqvgg SRSIRALR deds506.

Thereafter, pposi ng 'su

bonssd 50 bt Lol e Lt [ T s G
Preahy continagleUapt Bre UahbRy CLREIINE OGS ’Eﬁ%‘ Sy HSTBks %0 Ao
2005 I n 4 h'f@rn?éﬂ’@tddr{rﬁﬁhlat ojﬁlg{]fnc dﬁé ar}%nlg&aﬁﬁl? {Wi%%x r??ﬁt l;'llé’ gfjn dESh shhc[(b

active matrix substrate l'ustrate I men escr

Referring BQ fic9de &fn %ﬁ Efetr o %ﬁ to??h PEB{: ﬁ'%nl‘f{n%u%ﬁ of @E%ﬁg rlllgrfs?_g!r

TFT 503 in |gs 15A an e current contr
4501. The g pate el ectrode of the current control ling TFT 4501 is, of
course, electrically connected to the drain w r| ng of the switching TFT

san2, e L pubck SRV L ERINE L ARG T AR SRemL TR °' 1
TSEToRE ok kst obsmseno 4L anc ofs o lgelge
1101 e Bl 480 5L A0S0 AU )
or a condugfive,fidm g@é)&dof’“a%bmﬁon%s %&Lt%gg S p%%nplﬁg eOPLHRYSE: 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]
The CMOS circuit and the pixel portion formed by applying the present
invention can be applied to various electro-optic devices (active matrix type Heuid
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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The light emtting |ayer 4505 is formed over the pixel electrode 4(5&4 G 2005
Though 15 only one pixel is illustrated in Fig. 16, a light emtti g{'\“lj‘éfé*
that emts the color of 1light corresponding to G (green) is formed by the

vapor deposition nethod or the coating nethod (preferably spin coating) in

thi s enmbodiaparsondbpenirfiteqbl ¥ mdbile ihightatiogrtethinad (Suaki as 2 AaHlecOMNiELS
| ayered | am nation of the filmof lithiurn fluoride (Lio having a

t hi ckness aof m2bile wle@sonehs el dedre@iic bopRLtFipg 17 Ay eTF,asd 18D, RRY128.- 19C
(pol ypar aphenyl enevi nyl ene) filmhaving a thickness of 70 run superi nposed
t hereon as shber bngbfiteaxdmpleg | ayer. Next, the anode 4506 fornmed of a
transparent conductive filmis provided on the light emtting |ayer 4505.

I'n this enbodi rigt17A shondugsdrvendl icomfRernedicd ik lukenputd3 ey, apdihime.oxi de
and tin oxide or a conpound of indiumoxide and zinc 25 oxide is enployed

as the t¥ anaparpat 3008dudisple fait BO0IJpdeeybosidei00anRf (HegkeanpgeirdeBBont he
light emtting elenents 4507 are 59 1 0 AUG 2005 conpl eted. The |ight

emtting elcanent sppifdiohbeelisplayefat 3003di odes that conprise the pixel
el ectrode (cathode) 4504, light emtting |ayer 4505, and anode 4506. It is

effective to pridyi UEBtshewpassidvatichaters it 308ugach thiaB 10hea ldigty gt ti ng
el ements 4507 are conpletely covered with the film The passivation film

4508 is 5 Fl02yedoond afpudsut Al0RGerhiihg Soktiis BI04, § 80BOR §10INanSildeeon
nitride film or silicon oxynitride film A single |ayer of one of these

films or arkeiimgtizen3odo uhéske ikt MT HeSnves@sh chvbt Beplicd RedwaabHRy p4R09 is
provi ded over the passivation film 4508, and the covering nmenber '4]:% 10 is

‘bonded t®d t}i@Zseal ant 4509. An ultraviolet curable resin 10 may be used for
‘t he seal ant 4509, and it is effective to provide therein the substance

that has the efHigct7Ofth@hsonbbiig copipstelwhieh ifflavent b&l, 0 datchffera bfrct hi s
enbodi nent, the covering nenber 45 10 nade by form ng carbon fil ns,
preferably 3202, an image receiving part 3203, an operating switch 3204, a display part 3205
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 part
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 3407Z.
Fig. 17F shows a digital camera which includes a body 3501, a display part
25 3502, 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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di anond-1i ke carbon filns, on both sides of the glass substrate, B
substrate, or plastic subst rate including the plastic filmis errpl‘ u@ét‘d’” fSUJ
Note that, this enbodi nent can be freely conbined with Enbodi nent 1

through 7 and Enbodi ment 12. [Enbodinent 141 The CMOS circuit and the pixel

portion formed;by 8aPsH okt bikeypE BRfftitor WHit%ﬂhtI%ﬂe§§ﬁr<ﬁ&tﬁﬂﬂiév$& Jgmivarious
el ectro-optic devices (active matrix type liquid 20 crystal display

devi ce, actiYQO7 and MREilEC ﬂh@ﬁlv%ﬁueﬁ\ébﬁ%e%pﬁ@& Ly haﬁmrdrg;stamgplhy g_ht
emtting device). Specifically, the present invention can be enbo in

el ectroni gieQg m&zhﬁh Ay iRe gb& c‘!ﬂh@ b SidER0ARM 8L AI-RRI[FaditicEe 1S
incorporated in a display part. Such electronic equipnment Is a video

canmera, a JiQrtaluganera, a projector, a 25 head-nounted display (goggle
type display), a car navigation systen1 a car stereo, 60 10 AUG 2005 . a

per sonad - comp tigr L8 pthdh PRkt & erOleBRlr Ak T8 o &&&ijms rave@ﬂlbﬁ

conputer, a nobile tel ephone or "an el ectroni c book) A— 7F, 18A-

18D, and Jc%cel?@z %ﬂﬁﬂﬁ%%m bfsére%ﬁai’mé}eénd E}heghké7ﬁn$@@f\o@erﬁloae&zﬁpeél
comput er whi ch includes a body 3001, an image 5 input part 3002, a display

part 3003,ap%1158yt%0ﬁ{ed11§»9{a4cﬁ51% H%%LA¢ H&vicd @%OBWB{&H @Lﬁlstﬁﬁf&s%r@%ﬁ)lth@d to

the display part 3003. shows a video canera whi i ncl udes a body

3101, a dlﬁr@]e%yloﬁ%rewme@m as%apymtﬂem%epa&ém@slo3 operatl ng switches
3104, a battery 3105, an image receiving part 3106 and the like. The

i nvention can fg ARDLKGHs &k é%1ﬂh%@ﬂ?é’stﬂ?&thre HQ BB 02 chehid (,cJeZ)G &hows a

mobi | e conput er “whi ch includes a body 3201, a camera par an i nage
receivipg RU1tatP9302 WhiORGEAEPEL MY Hbwie d Fid. QBApirﬁﬂ@Bf tEaEBfo the

projection devices 3601 and 3702 is made of a light source optical system 3801,
mirrors 3802 and 3804 to 3806, a dichroic mirror 3803, a prism 3807, a liquid crystal
display device 3808, a phase difference plate 3809 and a projection optical system
3810. The projection optical system 3810 is made of an optical system including a

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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and the like. The invention can be applied to the display part 3306.,}' e
17D shows a goggl e type display which includes a body 3301, a disp a’SW%aﬁ”‘ﬂ’J
15 3302, armparts 3303 and the like. The invention can be applied to the
di splay part 3302. Fig. 17E shows a player using a recording medi um on

whi ch a pragaamptizal kacar fikd habeiel palbtiestidehgictRd, h GlaSol BEUEEE Eﬁmg
medi um), and the player includes a body 3401, a display part 3402, speaker
parts 3403 difereecoodimiR Mgl um 3404, 20 operating switches 3405 and the

i ke. This player uses a DVD (Digital Versatile Disc), a CD and the like

as the recordi Mhenmdidsdr dryretablesIBAUSEISID & 8NHRYypAUSInG, a RAKLRTendaMeS
and the Internet. The invention can be applied to the display part 3402.

Fig. 17F shawsof clbiceiot@pric dppica, Bht eheren| Atsteshdvadye 3003 iR Fhapl aye part
25 3502, an eyepiece part 3503, operating switches 3504, an inmage receiving

part (not ishowdh i@bfplidierd d k€lecdB oiptvEild@b-6pAc BeviaPRhi adighe chiig it spl ay
part 3502. 61 10 AUG 2005 Fig. 18A shows a front type projector which

i ncl udes adpv®pection device 3601, a screen 3602 and the |ike. The
invention can be applied to a liquid crystal display device 3808 which

constitutes pafFig df9A RRowk @ gebilorclpkbie vAGOH iasluMed h ReIyO3IEI, o Shiver
circuits. 5 Fig. 18B shows a rear type projector which includes a body

3701, a prouesitinc 39EY a6 udd@Rpuepdtt 3038, SdRslay ?aﬁq%ﬁr,‘ opdi@dingndidches | i ke.
The invention can be applied to the liquid crystal display device 3808

whi ch consBoDt 85 af@hina®o0Ehthd Medilect ThE ikl G0 asplnel do & RIfIeY
driver circuits. Fig. 18C shows one exanple of the structure of each of the

proj ecticonpdaviggEs 10 3601 and 3702 which are respectively shown in Figs.
-18A and 188. Each of the projection devices 3601 and 3702 is made of a

light source opid ddiB susseMmddilé book (electronic book) which includes body 4001,
display parts 4002 and 4003, é storage 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 As is 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, TFTS; having high mobility can be formed.
In addition, the operational characteristic and reliability of a semiconductor device,

63




mrrors 3802 and 3804 to 3806, a dichroic mrror 3803, a prisn1g8g7gu@.ﬂm5
liquid crystal display device 3808, a phase difference plate 3809 and =
projection optical system 3810. The projection optical system 3810 is nade
of an optical systemincluding a 15 projection |ens. Enbodinent 14 is an

exanpl e of uaifd B aRligh AchikpOn Rulve hatrdc Gid et BhILPIERLS afAARYE: and

may al so be of a single-plate type. In addition, those mbody T he

i nvention @ﬁﬂaﬁpﬂﬂgﬂﬁgaﬁﬁligkﬁ@ﬂﬁp an opti cal systen1such as an optlcal
lens, a filmhaving a polarization function, a filmfor adj usting phase
dlfference or an IRfilmin the path |nd|cated by arrows in Fig. 18C. 20
Fig. 18D is a view showi ng one exanple of the structure of the |ight source
optical system 3801 shown in Fig. 18C |In Enbodiment 14, the |ight source
optical system 3801 is nmade of a reflector 3811, a light source 3812, |ens
arrays 3813 and 3814, a polarizing conversion elenent 3815 and a condenser
tens 3816. Incidentally, the light source optical systemshown in Fig. 18D
is one exanple, and 25 the invention is not particularly limted to the
shown construction. For exanple, those whose enbody the invention may
appropriately dispose an optical system such 62 10 AUG 2005 as an opti cal

l ens, a filmhaving a polarization function, a filmfor adjusting phase
difference or an IR film The projector shown in Figs. 18A to 18D is of the
type using a transparent type of electro-optic device, but there is not
shown an exanple in which the 5 invention is applied to a reflection type
of electro-optic device and a light-emtting device. Fig. 19A shows a
nobi | e tel ephone which includes a body 3901, a sound output part 3902, a
‘sound input part 3903, a display part 3904, operating switches 3905, an
antenna 3906 and the like. The invention can be applied to the display 10
part 3904.
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Fig. 19B shows a nobil e book (electronic book) which includes body 4001,

di splay parts 4002 and 4003, a storage nedi um 4004, operating S“ﬁﬁc@%ﬁﬁ%2QW'
4005, an antenna 4006 and the like. The invention can be applied'to LU
di splay 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
particd?hﬁﬁvﬁﬁdvantageous to a |l arge-screen display, and is advantageous
to a display having a diagonal size of 10 inches or nore (particularly, 30
inches or nore). 20 As is apparent fromthe foregoing description, the

range of appli cati apsmeholhef mAMEMALuARe ! 8§ S&hicBARIYorMddGice,andid! Rethod
invention can be applied to any category of el ectronic apparatus.

El ect r cimprapigahasteps éfccording to the invention can be realized by using a
construction nmade _of a conbi nation of arbitrary ones of the enbaodinents I
to 13. 25 Accarsalligng gntamorpheusesemicondusior dihm byrrsadipiingnyithiaglasardight e y can
be forr’rted. In @%i ti on, t he ape at.ional characteristic and reliability of
a sem cORBGSTTAS SepuCongyciHn P BAYBB A WA £ i od by a hi gh-definition active
matrix |iqui | o QSnaY: j [ ﬁé’”}ﬁa}ﬂ j be

i nproved. 64%fgﬁ1}§)%ﬁ2%rg%tﬁ%h1§|5ﬁ/%%ﬁnﬁ%t%? ﬁgdtbolfgg %r%r%uf act u??n‘%ﬁgh&%n &

sem conabstiag; aldvi ce, said nethod conprising the steps of: crystallizing

an anor phous seniconductor filmby irradiating with a laser light to form
a crystal | i netehing ®esautalone seimipettagion il aflgr the heating step to form a crystalline

semiconductoer island.

2. A method of manufacturing a semiconductor device, said method
comprising the steps of:

crystallizing an amorphous semiconductor film by irradiating with a laser light to
form a crystalline semiconductor film having a warp;

etching the crystalline semiconductor film to form a crystalline semiconductor island;
and

heating the crystalline semiconductor island to lessen the warp by contraction of a

substrate,

3. A method of manufacturing a semiconductor device, said method
comprising the steps of:

crystallizing an amorphous semiconductor film by irradiating with a laser light to
form a crystalline semiconductor film having a warp; and

heating the crystalline semiconductor film at a temperature in a range of 500°C or

higher to lessen the warp by contraction of a substrate.

4, A method according to claim 1,
wherein the crystalline semiconductor film is heated at a temperature in a range of

500°C or higher.
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heating the crystalline sem conductor filmto lessen the warp by L o
contraction of a substrate; and etching the crystalline sem condul:tgoflh’iﬁl i
after the heating step to forma crystalline sem conductor island. 2. A

met hod of manufacturing a sem conductor device, said nethod conprising the
steps of: crystallizing an anorphous sem conductor filmby irradiating with
a laser light to forma crystalline sem conductor film having a warp;
etching the crystalline sem conductor filmto forma crystalline

sem conduct ors i sl a rystalline sem conductor island to
| essen the warp byﬁg‘ge rac%%%lh%%élg s%rbstrate 3. A nethod of

manuf act ur i ngylRr&e m&&aﬁmﬁh@ kerAiRYh&RtorSAksl ¥ElRRE at & WRpdretint@ngd eps of :
crystallizing an anorphous seniconductor filmby irradiating with a |aser

| i ght t30°C arbghecr ystal line sem conductor filmhaving a warp; and heating
the crystalline sem conductor filmat a tenperature in a range of 500' C or
hi gher to | essen the warp by contraction of a substrate, 4. A nmethod

according to .l aim,l, reip the stalline sem nd ctor filmis heated
2t a Lemper alure 1A APUREe o MASEUETE b SupSTLERN JELEE ShS uindf
et hod RefRiskiy QHe§tQIJSCdfaI m 2, wherein the crystalline sem conductor island

is heated at a tenperature in a range of 500C or higher. 6. A nethod of
manuf act ur i ngddingametalrsdemémito sleynophosedethicteidocidr film;

first heating the amorphous semiconductor film to form a first crystalline
semiconductor film;

irradiating the first crystalline semiconductor film with a laser light to form a second
crystalline semiconductor film having a warp; and

second heating the second crystalline semiconductor film at a higher temperature

than the first heating step to lessen the warp by contraction of a substrate.

7. A method of manufacturing a semiconductor device, said method
comprising the steps of:

adding a metal element to an amorphous semiconductor film;

first heating the amorphous semiconductor film to form a first crystalline
semiconductor film;

irradiating the first crystalline semiconductor film with a laser light to form a second
crystalline semiconductor film having a warp,

second heating the second crystalline semiconductor film at a higher temperature
than the first heating step to lessen the warp by contraction of a substrate; and

etching the second crystalline semiconductor film after the second heating step to

form a crystalline semiconductor island.

8. A method of manufacturing a semiconductor device, said method
comprising the steps of:

adding a metal element to an amorphous semiconductor film;
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conprising the steps of: adding a netal element to an anorphous

sem conductor film first heating the amorphous sem conductor fi I :F

a first crystalline sem conductor film irradiating the first crysta‘l‘ i he

sem conductor filmwth a laser light to forma second crystalline

sem conductor film having a warp; and second heating the second crystalline

sem conductor filmat a higher tenperature than the first heatln step to

| essen the wdi§ Wa%tthac%m%’hws scaigeaducipre film ta fyrphqy e 1‘.%% Heg uri ng

a sem C%nﬁ'c':’%[dﬁ tmd vi.ce, said nmethod conprising the steps of: adding a

metal € ¥ an ‘anor phous sem conductor film first heating the

- anor phous Seﬁlrﬁ&lﬂﬁ“%ﬂﬁrﬁrét' dri8td]And %n'i'ib@ncfulcfo%tﬁhﬁrv}ﬁﬁ{ Aldsbry ﬁ‘ght%@fﬂrﬁx%%@ﬁd)r
film irradiating the first” crystalline sem conductor filTmwth a | aser

l'i ght taysdtaline sensiearatudtor €iliystrgingianearpem conductor fil m having a warp;

second heati neg t he second crystalline sem conductor filmat a higher

tenperature <9hig e rseeend ireuvtalhge sﬁ@blcﬁ@chgsé'ﬂmt he iarp sy %Wlhla%tl on

of a sut%st r at.e tor1sfj &tcral ng the second crystalline sem conductor filmafter

t he secoﬁldc%gg?l ng s g to forma crystalline semconductor island. 8. A

met hod of rrarseéaﬁtnerahﬁ@ﬂﬁ aﬁgﬁlﬁﬁ@%fﬁfceﬁd&%%d 80 B Hait'aagemﬁﬁérﬂ{ahsth@g the

steps of: adding a netal elenent to an anor phous sem conductor fil 1

0 AUG 2f@bhdating ktep ealebseg thdeapriyrqnoadicdafiacobdtsed or filmto form a fi rst

crystalline semconductor film irradiating the first crystalline

sem conductor filmwith a laser light to forma second

b

9, A method according to claim 1,

wherein the laser light is radiated from one selected from the group consisting of a
pulse oscillation type excimer laser, a pulse oscillation type YAG laser, a pulse oscillation type
YVO, laser, a pulse oscillation type YAIO; laser, a pulse oscillation type YLF laser, a
continuous emission type excimer laser, a continuous emission type YAG laser, a continuous
emission type YVOq laser, a continuous emission type YAIOs laser, and a continuous emission

type YLF laser.

10. A method according to claim 1,
wherein the laser light has one of a rectangular shape and a linear shape on an

irradiation plane.

11. A method according to claim 1,

wherein an annealing furnace is used in the heating step.

12. A method according to claim 1,

wherein a lamp light is radiated in the heating step.

13. A method according to claim I,
wherein the crystalline semiconductor film is heated for 1-30 minutes in the heating

step.
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crystalline sem conductor filmhaving a warp; etching the second
crystalline sem conductor filmto forma crystalline senlconductog N§¢qﬂgj
and second heating the crystalline sem conductor island at a hlg
tenperature than the first heating step to |l essen the warp by contraction
of a substrate. 9. A nmethod according to claim1, wherein the |aser |ight
is radiated fromone selected fromthe group consisting of a pulse
oscillation type exciner |aser, a pulse oscillation type YAG | aser, a pul se

oscillation type ? PO ulse C|Ilation type YA1IO3 | aser, a pul se
oscillation Hépe Y 1hg§§cm%dm% gaw% U's em ssion type exciner |aser, a

cont i nuous eriiReif fhd i NEAGHY ATRfod fork ANIKAUAVSS af ThBRIsRld dRSoMad aser,

a continuous enission type YALO3 | aser, and a continuous em ssion type YLF
| aser . difQhe subsedtbod according to cla|n11, wherein the | aser |ight has one
of a rectangul ar shape and a linear shape on an irradiation plane. 11. A
nmet hod accordi ng to claiml1, wherein an annealing furnace is used in the

heati ng step. h accor claiml1l, wherein a lanp light is
radi ated in ﬁﬁe heghgﬁélgﬁg f‘f%%>§gﬁ%?%od according to claim1, wherein
the crystall 'vﬂferaﬁr@heq'aﬁwhgﬁt id bamidisd eahed 9% &n@@el@&t@&‘tﬁ&n'ﬂﬂeté}gup

heating step. -67 10 AUG 20 14. A nethod according to claim 12, Wwherein

t he | angonkistig of shalegindiuag, £ metal hilidedasd, Dxmon bredlampppedrbsi are laﬁpt achiflower
side of the substrate.
pressure sodium lamp, and a high pressure mercury lamp.

16. A method according to claim 12,
wherein the lamp light is radiated with a temperature rising rate or a temperature

lowering rate of 30 to 300°C per minute.

17. A method according to claim 6,

wherein an annealing furnace is used in the second heating step.

18. A method according to claim 6,

wherein a lamp light is radiated in the second heating step.

19. A method according to claim 6,
wherein the second crystalline semiconductor film is heated for 1-30 minutes in the

second heating step.

20. A method according to claim 18,
wherein the lamp light is radiated from at least one of an upper side and a lower side

of the substrate.

21. A method according to claim 18,

wherein the lamp light is radiated from at least one selected from the group
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15. A method according to claim 12, wherein the lanp light is radiated from
at | east one selected fromthe group consisting of a hal ogen Ianﬂp,g g‘ggetzgjg
hal i de | anp, a xenon are lanp, a carbon arc |anp, a high pressure sodium

| anp, and a high pressure nercury lanp. 16. A nethod according to claim 12,
wherein the lanp light is radiated with a tenperature rising rate or a
tenperature_ lowering rate of 30 to 300C per mnute. 17. A nethod according
to cl ai§Aveistinghelahalogen lanncamesyhalidedamp. 4 xengs et lampt hearberr gadamp At higly

step. 18. A net.hod accor(gi 9%11530 claimb6 ﬁ/nerei nalanm light is radiated
in t he REEYHFOHNEE lamp- apdp NepresAue peIey 8B di ng to claim 6, wherein the
second crystalline sem conductor filmis heated for 1-30 mnutes in the
second heating step. 20. A nethod according to claim 18, wherein the |anp
light is radi2ated fAmghat at&adinganelaivh 18n upper side and a | ower side of

the substrate. 21. A nmethod according to claim 18, wherein the lanp |ight
i s radi ated fwleintthe damp light issedmtedewithraotentpieeatee giging 168 o1 aQlemMp@aRyos

consi sting.of a h L , a metal halide |anp, a xenon arc |anp, a
car bon 18?“%1”11’%%‘?‘)@%%3‘2)0 (:ra);%ggﬁ‘?@e'sodi um |l anp, and a high pressure nercury
| anp. 22. A nethod according to claim 18, wherein the lanp light is

radiated with a tenperature rising rate or a tenperature |owering rate of
30 to 300C pe&xs. m N eethdd achriBihedlapscording to claim 1,

wherein the amorphous semiconductor film is formed through one of a sputtering

method and an LPCVD method.

24, A method according to claim 1,
wherein the amorphous semiconductor film is formed through a plasma CVD method

at a temperature in a range of 400°C or higher.

25. A method according to claim 6,
wherein the metal element comprises at least one selected from the group consisting

of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Sn and Sb.

26. A method according to claim 1,

wherein the semiconductor device is one selected from the group consisting of a
personal computer, a video camera, a mobile computer, a goggle type display, a player using a
recording medium, a digital camera, a front type projector, a rear type projector, a mobile

telephone, a mobile book, and a display.

27. A method according to claim 2,

wherein the laser light is radiated from one selected from the group consisting of a
pulse oscillation type excimer laser, a pulse oscillation type YAG laser, a pulse oscillation type -
YVO; laser, a pulse oscillation type YAIO; laser, a pulse oscillation type YLF laser, a

continuous emission type excimer laser, a continuous emission type YAG laser, a continuous
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wherei n the anor phous sem conductor filmis formed through one of il LG 2905
sputtering nethod and an LPCVD nethod. 24. A nethod according to I%if/"\r’ri‘f’l, ’
wherei n the anor phous sem conductor filmis formed through a plasma CVD
method at a tenperature in a range of 400C or higher. 25. A nethod
according to claim6, wherein the netal elenent conprises at |east one

sel ected fromthe group consisting of Fe, Co, Ni, Ru, Rh, Pd, GCs, It, Pt,
Cu, Ag,cmissiostypgndV Gplasersa continspworinissien bend 0o laseiapid 4 continupes $migHen

sem conduc device is one selected fromthe group consisting of a

per sonawp%gﬁ%d?sgﬂ a video canera, a nobile conputer, a goggle type

di splay, a player using a recording nedium a digital canmera, a front type
projector, a rear type projector, a nobile telephone, a nobile book, and a
di splay. 27. 28.net homethodacchrdi@gtiocaimem 2, wherein the laser light is

radi ated fromone selected fromthe %r oup consisting of a pulse

oscil | ati on tWihsseiaxibe rfaser |liphe has gnp sk repsanighlanshaps encbe linga shapsron anpul se
oscillatiqgn.t YVO4 | aser, a pulse oscillation type YALO3 | aser, a pul se
oscil | alﬁagﬁt‘f’éﬁgﬂerw | aser, a continuous enission type exciner |aser, a
continuous em ssion type YAG | aser, a continuous -69 10 AUG 2005 eni ssion
type YVO4 | aser, a continuous em ssion type YALO3 | aser, and a conti nuous
em ssion typm® YLF A agtiod addordidgm®thgd 2according to claim2, wherein the

| aser |ight has one of a rectangular shape and a |linear shape on an

i rradiation pikarein ap@nneslime thmaccais aorddinibe haatiog siem 2, wherein an anneal i ng
furnace is used in the heating step.

30. A method according to claim 2,

wherein a lamp light is radiated in the heating step.

31. A method according to claim 2,

wherein the crystalline semiconductor island is heated for 1-30 minutes in the heating

step.

32. A method according to claim 30,

wherein the lamp light is radiated from at least one of an upper side and a lower side
of the substrate.

33. A method according to claim 30,
wherein the lamp light is radiated from at least one selected from the group
consisting of 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.

34. A method according to claim 30,
wherein the lamp light is radiated with a temperature rising rate or a temperature

lowering rate of 30 to 300°C per minute.
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30. A nethod according to claim2, wherein a lanp light is radiatqd i@ %q%ﬁr
heating step. 31. A nethod according to claim?2, wherein the crystapl ‘!1 ~Ju3
sem conductor island is heated for 1-30 mnutes in the heating step. 32. A
met hod according to claim30, wherein the lanp light is radiated from at

| east one of an upper side and a |ower side of the substrate. 33. A nethod
according to claim30, wherein the |la light is radiated fromat |east one
sel ected frolvt he driefBod aesneding fadaist2.a hal ogen | anp, a metal halide | anp,

a xenon arc | . carbon arc |la i.gh, pressure sodium.l a and a

i o or easur SR T BRdHRo R Sem AR i is PiFRG HeBu @l Biintba el " e
| amp | i ghthod snd S0 EteD Meithbga tenperature rising rate or a tenperature

| owering rate of 30 to 300C per minute. -70 10 AUG 2005 35. A net hod
according to claim2, wherein the anorphous sem conductor filmis forned

t hrough one of a sputtering nethod and an LPCVD net hod. 36. A nethod
accordi ng t o 36l ai mAanetlipdpetordingte elaivr hous sem conductor filmis forned

37 A et hod "B AR B e <D n NG o Riob g LB b rednets “one.
ol 1 e o P 2y, 2 Bl ayer using & recording
medium a digital canera, a front type projector, a rear type projector, a
mobi e 37. A method according to claim 2,
wherein the semiconductor device is one selected from the group consisting of a
personal computer, a video camera, a mobile computer, a goggle type display, a player using a
recording medium, a digital camera, a front type projector, a rear type projector, a mobile

telephone, a mobile book, and a display.

38. A method according to claim 3,

wherein the laser light is radiated from one selected from the group consisting of a
pulse oscillation type excimer laser, a pulse oscillation type YAG laser, a pulse oscillation type
YVO, laser, a pulse oscillation type YAIO; laser, a pulse oscillation type YLF laser, a
continuous emission type excimer laser, a continuous emission type YAG laser, a continuous
emission type YVOy laser, a continuous emission type YAIO; laser, and a continuous emission

type YLF laser.

39, A method according to claim 3,
wherein the laser light has one of a rectangular shape and a linear shape on an

irradiation plane.

40. A method according to claim 3,

wherein an annealing furnace is used in the heating step.

41. A method according to claim 3,
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t el ephone, a nobile book, and a display. 38. A nmethod according to claim 3,
wherein the laser light is radiated fromone selected fromthe grpypalif 2idh
consisting of a pulse oscillation type excinmer |laser, a pulse oscillation
type YAG |l aser, a pulse oscillation type YVOQ4 |laser, a pulse oscillation
type YA1IO3 |aser, a pulse oscillation type YLF | aser, a continuous

em ssion type excinmer |laser, a continuous em ssion type YAG | aser, a

conti nuous  @&vhesain afaray Pahtvs/odigtediarthe heatisasicuous emi ssion type YALCB

| aser, and a continuous em ssion type YLF laser. 39. A nethod according to
claim3, wherein the |aser |ight has one of a rectangul ar shape and a

| i near shape 49n anAﬁl?ﬂh@&’h@éoirlegﬂi Ak%n 340. A nethod according to claim3,
wherein an annealing furnace is used in the heating step. 41. A nethod

accordi ng t o vileadifintik crystZllind GerAldondOSr fidheisdicated fom g3 0lmightes iis theddhatged i n
the heating step. 42. A nethod according to claim3, wherein the

cryst al3¥me sem conductor filmis heated for 1-30 ninutes in the heating
step. 43. A nethod according to claim4l, wherein the lanp light is
radiated fromat |east one of an upper side and a |l ower side of the

substrate. 443 A n@{ﬁgﬂog%&@gg&%@ﬁhpi m 41, wherein the lanp light is

radi ated fromat |east one se omthe group consisting of a hal ogen

llanp, a met alwhitadih e aaiplight issatiatedaidn hekBst ode 8RN APpadsidel AdR, lotvehsigh
pressure sodium | anp, and a high pressure nercury | anp.
of the substrate.

44, A method according to claim 41,
wherein the lamp light is radiated from at least one selected from the group
consisting of 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.

45. A method according to claim 41,
wherein the lamp light is radiated with a temperature rising rate or a temperature

lowering rate of 30 to 300°C per minute.

46. A method according to claim 3,
wherein the amorphous semiconductor film is formed through one of a sputtering

method and an LPCVD method.

47. A method according to claim 3,
wherein the amorphous semiconductor film is formed through a plasma CVD method

at a temperature in a range of 400°C or higher.

48. A method according to claim 3,
wherein the semiconductor device is one selected from the group consisting of a

personal computer, a video camera, a mobile computer, a goggle type display, a player using a
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45. A nethod according to claim4l, wherein the lanp light is radiated with
a tenperature rising rate or a te'rrperature lowering rate of 30 {q g@@c:z%r
m nute. 46. A nethod according to claim 3, wherein the anorphous

sem conductor filmis formed through one of a sputtering nethod and an
LPCVD nmet hod. 47. A nethod according to claim3, wherein the anorphous

sem conductor filmis forned through a plasna CVD nethod at a tenperature
in a rdfgddBE vedumyp %g@%éaameaea a O%te&ynwrfa@@% @i 188 BHe dralesien,a Rk n

t he se ne,selected fromthe group consisting of a
per song?Ffégorer%er bﬁg% 33%“?3 g a nobile conputer, a goggle type

di splay, a player u5| ng a -72 10 AUG 2005 recording nedium a digital
canera, a front type projector, a rear type projector, a nobile telephone,
a nobi | e boold9. and Aameihephegordid8 to Aaimetbhod according to claim6, wherein
the laser light is radiated fromone selected fromthe group consisti ng of

a pul se OSC|W}I%‘%1PG}FF tagerelight ds rpél#athhﬁem ong gelacked f5emithe arquprronsipingyaia

B e R
exci ”erYV@)%%seraaCﬁfge' Hééﬂ‘fh'iloﬁ”iyaé'@&ldgyﬁger $bdls”e5 BcillAichCRbE NOP SascEMh SSi ON

type YVO4 I'aser, a conti nuous ssion type YALC3 laser, and a continuous

em ssi agontihy@s eﬁh%lélﬁ@@lé ex8ither Msor ahodtimate eeiisyipr Hpe IYaI(}T'l'cﬁer wheennuaut he
| aser |ight has one of a rectangular shape and a |inear shape on an
i rradi smsyiophad VB4lase aearipeoescaaistipmtyped//AdPailasepand a continuous emission

type YLF laser.

50. A method according to claim 6,
wherein the laser light has one of a rectangular shape and a linear shape on an

irradiation plane.

51, A method according to claim 6,
wherein the amorphous semiconductor film is formed through one of a sputtering

method and an LPCVD method.

52. A method according to claim 6,
wherein the amorphous semiconductor film is formed through a plasma CVD method

at a temperature in a range of 400°C or higher.

53. A method according to claim 6,

wherein the semiconductor device is one selected from the group consisting of a
personal computer, a video camera, a mobile computer, a goggle type display, a player using a
recording medium, a digital camera, a front type projector, a rear type projector, a mobile

telephone, a mobile book, and a display.

54, A method according to claim 7,
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wherei n the anor phous sem conductor filmis formed through one OL A, in s
sputtering nethod and an LPCVD nethod. 52. A nethod according t (kﬁﬁwntﬂm
wherei n the anor phous sem conductor filmis formed through a plasma CVD
nmethod at a tenperature in a range of 400C or higher. 53. A nethod
according to claim6, wherein the sem conductor device is one selected from
the group consisting of a personal conputer, a video canmera, a nobile
conputer, a §uHiR theylsserdishbinradiaiedyirameone selogtpdfrom dhegroh gonssingmt &
digital canera..a front .t rojector rear rojector..a.mbile

el ephdiie e wPpgsnthRette e eyl Mk YAG TR 086 Sl e m 7,
- 73 10 WG, 40Qp WhRIL! Sschilfioha§eE YAIBN 1ades, b aMIR! @éiilf&i@ﬂ‘t??@ Yot egked, from
the group consisting of a pul3e oscillation ‘type exciner laser, a pulse
osci | | ajontimuduy eenidi@ fyps excimar pigérs @ cosibildugemdionytippe YXE 4sdras eontirmopsl| se
oscillation type YALQ3 | aser, a pulse oscillation type YLF |aser, a.

cont i nifsRissiEnty®siYorO4 apre. aesantingeus| easiesion wpe il Pn lneersatshy e@ilgHOWS,ASSYNG

| aser, ,a C?ﬂ%inuous em ssion type YVO4 | aser, a continuous eni ssion type
yaLce IBRerLF 8385 a continuous emi ssion type YLF laser. 55. A method
according to claim7, wherein the |aser |ight has one of a rectangul ar
shape and a linear shape on an irradiation plane. 56. A nethod according

to claim7, wherei i asthadaewding td ¢lhipage i s used in the second heating
step. 57. A nethod accordLng to claim7, wherein a lanp light is radiated
i n the secondvhveginithg laseepighblas pneref Horectangwled ishapet andct dingar7shape on an

irradiation plane.

56. A method according to claim 7,

wherein an annealing furnace is used in the second heating step.

57. A method according to claim 7,

wherein a lamp light is radiated in the second heating step.

58. A method according to claim 7,
wherein the second crystalline semiconductor film is heated for 1-30 minutes in the

second heating step.

59. A method according to claim 57,
wherein the lamp light is radiated from at least one of an upper side and a lower side

of the substrate,

60. A method according to claim 57,
wherein the lamp light is radiated from at least one selected from the group
consisting of 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.
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wherein the second crystalline sem conductor filmis heated for 15%ﬁ# o e
mnutes in the second heating step. 59. A nethod according to clai '@?,aﬁn
wherein the lanp light is radiated fromat |east one of an upper side and a
| ower side of the substrate. 60. A nethod according to claimb57, wherein
the lanp light is radiated fromat |east one selected fromthe group
consisting of a halogen |anp, a netal halide |anp, a xenon are |anp, a
carbon are | &p, aAvingthod peeosding éo eloih 0% | anp, and a hi gh pressure mercury
| anp. -74 61. A nmethod according to claim5b7, wherein the lanp light is
ol at od wi SR ek, Tt oy Ehg RAneBRgE e e O AUFRRGUIE o of
30 to %89£ﬁ8§§n@3gﬂh%306%3;ékﬂﬁ&ped according to claim7, wherein the

uctor fil

anor phous sem con mis fornmed through one of a sputtering nethod
and an LPCVD nethod. 63. A nethod according to claim?7, wherein the

anor phous sem conductor filmis formed through a plasma CVD nethod at a

t enper at ure i63. a r anopethofl ag@ading o plaigh@y . 64. A net hod according to claim

7, wherein the netal] el enment conprises af. |east one, selected fromthe group
consi sting eheﬁ@{l tk‘% Wﬁlﬁ‘oﬁa,se Ot toél,m |1~“r,°flﬂ{¢,8 tﬁ?,ugﬁd{neﬁa{a YEHRE Sb.

65. A gg&?ggaﬁfﬁgigbgé)ﬁ@ﬂﬁhgin17, mhérein t he sem conductor device is one

sel ect rom roup consisting of a personal conputer, a video canera,
a nobile conmputer, a goggle type display, a player using a recording
medium a digital camera, a front type projector, a rear type projector, a
mobi |l e tel edone, Aammthioillaecdsdiol to eaun d, di spl ay.

wherein the amorphous semiconductor film is formed through a plasma CVD method

at a temperature in a range of 400°C or higher.

64. A method according to claim 7,

wherein the metal element comprises at least one selected from the group consisting

of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Sn and Sb.

65, A method according to claim 7,

wherein the semiconductor device is one selected from the group consisting of a
personal computer, a video camera, 2 mobile computer, a goggle type display, a player using a
recording medium, a digital camera, a front type projector, a rear type projector, a mobile

telephone, a mobile book, and a display,

66. A method according to claim 8,

wherein the laser light is radiated from one selected from the group consisting of a
pulse oscillation type excimer laser, a pulse oscillation type YAG laser, a pulse oscillation type
YVOy laser, a pulse oscillation type YAIO; laser, a pulse oscillation type YLF laser, a
continuous emission type excimer laser, a coptinuous emission type YAG laser, a continuous
emission type YVOy laser, a continuous emission type YAIO; laser, and a continuous emission

type YLF laser.
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66. A nethod according to claim8, wherein the laser light is raﬁi hgg Eépgm
one selected fromthe group consisting of a pulse oscillation t pgg Xc r
| aser, a pulse oscillation type YAG |aser, a pulse oscillation type YVO4

| aser, a pulse oscillation type YA1O3 | aser, a pulse oscillation type YLF

| aser, a continuous enm ssion type excinmer |laser, a continuous emn ssion
type YAG | aser, a continuous emnssion type YVO4 | aser, a continuous

eni ssi on t yp&7YA108 methed accgrdingtccdsimt huous eni ssion type YLF |aser. -75

10 AUG 2005 67. A nethod according to clajm erein the |aser |light has
one of a1 ecouifEh a sk BEEERSLOM hEa kb AR S § MBea AR SRofb. | os.
A met hqe e bl to claim 8, wherein an annealing furnace is used in the
second heating step. 69. A nethod according to claim8, wherein a |anp
light is radiated in the second heating step. 70. A method according to

claim8, wherein the crystalline sem conductor island is heated for 1-30
m nutes in t#®8. secdrmecthpdagdordingiaegainyd,, A net hod according to clai m69,

wherein the | dight is radiated fromat | east one of an upper side and a
lower side  ofreRad apncphing Birmas S weeldb H6recpiddeai o ol ai m 69, wher i n
the lanp light is radiated fromat |east one selected fromthe group

consisting of a halogen lanp, a netal halide |lanp, a xenon arc |lanp, a

carbon arc | &p, ashm@ihod BERSdHE & Segh gm | anp, and a hi gh pressure nercury
| anp. 73. A nethod according to cl aim®69,
wherein a lamp light is radiated in the second heating step.

70. A method according to claim &,
wherein the crystalline semiconductor island is heated for 1-30 minutes in the second

heating step.

71. A method according to claim 69,
wherein the lamp light is radiated from at least one of an upper side and a lower side

of the substrate.

72. A method according to claim 69,
wherein the lamp light is radiated from at least one selected from the group
consisting of 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.

73. A method according to claim 69,
wherein the lamp light is radiated with a temperature rising rate or a temperature

lowering rate of 30 to 300°C per minute.

74. A method according to claim 8§,
wherein the amorphous semiconductor film is formed through one of a sputtering

method and an LPCVD method.
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wherein the lanp light is radiated with a tenperature rising ratlefokia £855
tenperature lowering rate of 30 to 300C per mnute. 74. A nethod according
to claim8, wherein the anorphous sem conductor filmis fornmed through one .
of a sputtering nethod and an LPCVD nethod. -76 10 AUG 2005 75. A nethod
~according to claim8, wherein the anorphous sem conductor filmis formed
through a plasnma CVD nethod at a tenperature in a range of 400C or higher.
76. A nmethod according to claim8, wherein the netal elenment conprises at

| east one sel_gcted frgﬂléhe .oug)qansgsting of Fe, Co, Ni, Ru, Rh, Pd,

Cs, Ir, Pt, - Ag A REOGACCORNGIP clgi 8,0 et hod according to claim 8,

wherein the 140 ﬂ%%ﬁ&bh&ﬁ%gﬁ?cohﬁu&&eﬁlﬁ?ismﬁ{h MO%%%%?)Zarsg{aWD%?ﬁw“ ng

of a personal conputer, a video canmera, a e co , a goggle type
di spl ayt aderiparyiare idSirBEgedof 408TDdhipherredi um a digital camera, a front type
projector, a rear type projector, a nobile telephone, a nobile book, and a
di spl ay.

76. A method according to claim 8,

wherein the metal element comprises at least one selected from the group consisting

of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Sn and Sb.

71. A method according to claim 8,

wherein the semiconductor device is one selected from the group consisting of a
personal computer, a video camera, a mobile computer, a goggle type display, a player using a
recording medium, a digital camera, a front type projector, a rear type projector, a mobile

telephone, a mobile book, and a display.
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