LI GHT EM TTI NG DEVI CE AND METHOD OF MANUFACTURI NG THE SAME BACKGROUND OF
THE INVENTION 1. Field of the Invention s The present.invention relates to
alight emtting device with a light emtting elenent conposed of an
anode, a cathode, and a filmthat contains an organi c compound capabl e of
emtting |ight upon application of electric field (the filmis hereinafter
referred to as organic conpound |ayer), and to a nethod of manufacturing

t he |i ght LEGH{t EMJTAING BEVISRAND METHOD OF MAMNERA CITTERING QTHE SAMES to
a light emtting device using a light emtting to elenent that is lower in
drive voltage and longer in element lifetinme than conventional ones. A
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deal s which an IC (integrated circuit) is directly mounted on a light emitting element by the

COG (chip on glass) method.
2. Description of the Related Art
20 Light emitting elements are drawing attention as the next-generation flat panel
display elements for their characteristics including being thin and lightweight, fast
response, and direct current low voltage driving. Also, being self-luminous and having
wide viewing angle give the light emitting elements better visibility. Therefore the light
emitting elements are considered as effective elements for display screens of electric
25 appliances and are being actively developed.

It is said that light emitting elements emit light through the following
mechanism: a voltage is applied between electrodes that sandwich an organic compound
layer, electrons injected from the cathode and holes injected from the anode are
re-combined at the luminescent center of the organic compound laver to form molecular

30 excitons, and the molecular excitons return the base state while releasing energy to cause

the light emitting element to emit light. Molecular -excitons generated in organic



with elements that emt light fromsinglet excitation and el enents that

emt light from triplet excitation both. These Iight emtting elenents are
classified by driving methods into passive 5 matrix (sinple matrix) type
and active matrix type. The ones that are attracting attention nost are
active matrix type elenents, for they are capabl e of displaying i mages of
high definition wth the QVGA | evel nunber of pixels or nore. An active
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205 is formed to el ectrically connected to the TFT 202 through a wiring
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An organic compound layer 206 is formed on the anode 205. In this
specification, all the layers that are provided between an anode and a cathode together
20 make an organic compound layer.  Specifically, the organic compound layer 206 includes
a light emitting layer, a hole injection layer, an electron injection layer, a hole transporting
layer, an electron transporting layer, etc. A basic structure of a light emitting element is a
laminate of an anode, a light emitting layer, and a cathode layered in this order. The basic
structure can be modified into a laminate of ah anode, a hole injection layer, a light
25 emitting layer, and a cathode layered in this o‘fder, or a laminate of an anode, a hole
injection layer, and a light emitting layer, an electron transporting layer, and a cathode
layered in this order.
After the organic compound layer 206 is formed, a cathode 207 is formed to
complete a light emitting element 209. The cathode is often formed of a metal having a
30 small work function (typically, a metal belonging to Group 1 or 2 in the periodic table).

In this specification, such metal (including alkaline metals and alkaline earth metals) is



A bank 208 is forned froman organic resin material to covor the edges of
the anode and prevent short circuit between the anode and the cat hode at
the site. Fig. 2 shows one pixel and the light emtting el enent forned
therein. The 5 actual pixel portion is provided with a plurality of |ight
emtting elenments each structured as shown in Fig. 2 to constitute an

active matrix light emtting device. In the above-described conventi onal
struct urecﬂﬂd@ﬂka@ﬁ? I@ﬂﬁlttl ng device, the i nterlayer insulating film and
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prevent the al kaline nmetal contami nation; the TFT substrate mady be

cont ami nated by d{v’xgggrmore the organic compound layer is by nature readily degraded by
oxygen and moisture. Despite this fact, organic resin materials such as polyimide,

20 polyamide, and acrylic are frequently used to form the interlayer insulating film and
oxygen or other gas released from this interlayer insulating film degrades the light emitting
element.

Moreover, the cathode of the light emitting element is formed of an alkaline
metal material, such as Al or Mg, which can seriously impair TFT characteristics. An

25 alkaline metal mixed in an active layer of a TFT causes a change in electric characteristic
of the TFT, making it impossible to give the TFT a long-term reliability.

In order to avoid impairing TFT characteristics, it is preferable to prevent
alkaline metal contamination of an active layer of a TFT by separating a TFT manufacture
step processing room (clean room) from a light emitting element manufacture step

30 processing room {clean room). However, another problem arises when moving a

substrate between rooms (clean rooms) is added to the manufacture process in order to



or other contam nants in the air, and the TFT el ement nay be danmaged by

el ectrostatic discharge. 5 SUMVARY COF THE | NVENTI ON An obj ect of the
present invention is therefore to provide a high-quality light emtting
device having a long-lasting light emtting elenent that is free fromthe
probl ens descri bed above because of a structure that allows |ess
degradation than conventional ones. and to provide a nethod of

manuf act upiavgntthe alkialgid meni tonidgirdevh;08e TED stberapd @SBt comdeMdaia@by Susts
characterized in that: an interlaver insulating filmis formed on a TFT
that is f6FREHEr sArtaminaasuingtherair, 4nd it TF Atalemaertimal be dpopersdby glechestatic
interlayerhkﬁ§§;ating film an anode is fornmed to be electrically connected
to the TF?‘ th ough a wiring line; a resin insulating filmis formed to
cover the anode and the wiring line; the resin insulating filmis etched
to forma bank; the anode is w ped/cleaned after 15 heat treatnent; and an
insulating filmis fornmed tdUMMARYHIF FRGAMNINTINE bank. The insul ating
filmforned between the interlayer .insulating filmand .the anode . can
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can suppress the generation of cracking caused by heat treatment in adjoining materials
that have different thermal expansion coefficients. The light emitting element thus can
have a long lifetime. This insulating film is also capable of preventing gas or moisture

20 released from the interlayer insulating film from reaching the light emitting element. The
insulating film may be an inorganic insulating film, or may be a cured film obtained by
surface modification through plasma treatment or a DLC film. !

By wiping the anode, the irregularities of the surface of the anode can be
leveled and dusts on the surface of the anode can be removed.

25 By forming the insulating film that covers the anode and the bank, an effect of
balancing amounts of holes and electrons to be injected to the organic compound laver can
be expected.

Another aspect of the present invention is characterized in that: a resin
insulating film for forming a bank is formed; the substrate is moved to a processing room

30 where contamination by an alkaline metal or others can be avoided: and the resin insulating

film is etched to form the bank. -



for formng a TFT substrate is separated froma second processi ng room
(second clean .roon) for formng a light emtting elenment. Thus, the risk
of an alkaline nmetal mxing in s the active |layer of the TFT fromthe

al kaline metal material formng the cathode of the |light emtting el enent,
such as Al or Mgy is lowered. As a result. electric characteristics of the
TFT and the long-termreliability thereof can be inproved. The
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DESCRI PTI OF THE .DRA
ydroxyalkylamine nglzllroxyalkyl monoethanolamine], polvoxyethviene alkylamine,

polyoxyethylene alkylamine fatty acid ester, alkyl diethanolamide, alkyl sulfonate,
20 alkylbenzenesulfonate, alkyl phosphate, tetraalkylammonium salt, trialkylbenzylam

monium salt, alkyv] betaine, alkyl imidazolium betaine, or the like are used. These can be

easily removed by water or an organic solvent. In addition, an organic insulating material.

such as polyimide, acrylic, polyamide, polyimideamide, or BCB (benzocyclobutene) can

be used as the anti-electrostatic film. The anti-electrostatic film formed from the material
25 mentioned above can be applied to all embodiments.

Another aspect of the present invention is characterized by comprising a step of
forming a bank and performing plasma treatment on the surface of the bank after heat
treatment is performed on the anode for crystallization.

A cured film is formed on the surface of the bank through the surfuce

30 modification thereof by plasma treatment. This prevents the bank from releasing its

moisture and degrading the light emitting element.



In the acconpanying draw ngs: Figs. 1A to | E are diagrams show ng a nethod
of manufacturing a light emtting device in accordance with an enbodi nent
node; 5 Fig. 2 is a diagram showi ng an exanple of a conventional |ight
emtting device; Figs. 3Ato 3D are diagrans show ng a process of
manufacturing a light emtting device; Figs. 4A to 4C are di agrans show ng
a process of manufacturing a light to emtting device, Figs. 5A to 5C are
di agr ams showi ng a pr oceBBIEs DESGRIBEIQN OFTHE DRMAVINGS t t i ng devi ce; Fi gs.
6A and 6B are di agr, j .0ocess of manufacturinga light emtting
device; 15 Fig. ?gitﬁccgﬁgéfrlgﬁ‘?gaohg g an exanple of carrying out a |ight
emtting device HBNUfRACHUIR ¢ AQSSEHs kh@wing & Sm@hsd QT AMFHAWIRAY 180 oht
exanpl e of carrying out a light emtting device nmanufacture process] Figs.
9A and 9BTHHEEIlexFEAmBCcoPRdmCh it ancembiodgnent mesleure for a light emtting 20

device, Figs. 10A.and .10B are di agrans show ng the structure of a pixel
portion of a |Ii gﬂg gn"nS t1 idhaérad%\ﬁ%gg,mgziaﬁsﬂ?‘aq@% Pg al‘i‘?—?"ﬁ?‘é‘”ﬁ’f agrhFE1EHEw ng
exanpl es defican el ectric appliance; Fig. 12 is a di agram show ng an exanpl e
of carrying out a light emtting device 25 manufacture process; Fig. 13 is
a di agr am showi ndigm ¥Fxdeple a¢ dizgrays showing @ proghkt of mddufaguidhey iaCBght
manuf actureﬂoro ess; Fig. 14 is.a diagram showi ng results of AFM

measur enght “gl‘—j%’.ce’ﬁ is a diagram showi ng results of AFM neasurenent: 30
Fig. 16 is a di agigm i f t- . Fi A7A +9o 17F
are di agrans shovvi%g ?hgémoggg@??génﬁgﬂfsg@tﬁu .n% §%G%Etma@f§ﬁ]rﬁﬁﬁgﬁ%etvi ce
i n acaeor daigiagwievite;an enbodi nent ;

Figs. 5A to 5C are diagrams showing a process of manufacturing a light
emitting device;
Figs. 6A and 6B are diagrams showing a process of manufacturing - a light
emitting device;
15 . Fig. 7 is a diagram showing an example of carrying out a light emitting device
manufacture process;
Fig. 8 is a diagram showing an example of carrying out a light emitting device
manufacture process;
Figs. 9A and 9B are diagrams showing a sealing structure for a light emitting
20 device;
Figs. 10A and 10B are diagrams showing the structure of a pixel portion of a
light emitting device;
Figs. 11A to 11H are diagrams showing examples of an electric appliance;
Fig. 12 is a diagram showing an example of carrying out a light emitting device
25 manufacture process;
Fig. 13 is a diagram showing an example of carrying out a light emitting device
manufacture process;
Fig. 14 is.a diagram showing results of AFM measurement:
Fig. 15 is a diagram showing results of AFM measurement:
30 Fig. 16 is a diagram showing results of AFM measurement:

Figs. 17A to 17F are diagrams showing a process of manufacturing a light



Figs. 18A and 18B are di agranms showi ng a process of franufacturing a |ight
emtting device; Fig. 19 is a conceptual diagram show ng a production
process of the present 5 invention; Figs. 20A to 20D are di agrans show ng
an exanple of carrying out a light emtting device manufacture process;
Figs. 21A to 21C are diagrans showi ng an exanple of carrying out a |ight
emtting device manufacture process; and to Figs. 22A and 22B are diagrans
showi ng asmigixegidvicedh acenrdaricagyidin eanbodghent; emi tti ng devi ce manuf acture

process. Figs. 2 a 23B di agr ans showi ng an exanpl e of carrying out
DS ght encii el BRviRdD b bR ALY GG, SUSEnE Fo7 DR B EESEBTY BRTOR
THE PREFERRELEMIIA MENTS Enbodi nent Mode A TFT 101 is formed on a
substrate 100.” The TFT shown here is a TFT for controlling a current
flowing into a |ilght 1%md & tcomgppeilabdizgtam aholving « ptddediompiobtss ofspeerdsee@at i on
as a current controlling TFT 101 (Fig. 1A). 20 On the current controlling
TFT 10%, BYE4"0er | ayer insulating film 102 is forned for planarization.

The interlayer i ’ﬁg%.aidpi‘go Ebb”aré%cgnﬁni ?ﬁ&@ﬁ&fz{no&%lgog%mr.i LeSlih tight
material such as polyimde, acrylic, polyam de, polyimdea 3@’, an epoxy
resin, orenBthg devkpzaintdcnliabritess;t o have an average thickness of about 1.0
to 2.0 um The substrate can be properly leveled by formng the interlayer

insul ating film %08 2wy koéEe are deagams sRayingyasy cxamnle f icAgYing| ont ;alighkteduce
parasiti %Irﬁgﬁgcdeg@%%@k%%ﬁe%&g@ God esin materials are lowin dielectric
g al’. xt, a

constant 'n ner Irst insulating film103 is formed on the

i nterhayer insul &#igN@2l 4dd 1R areS@iapaals Gosineheasadplerdiatiymg altes ligyer
insulating film 102 does not affect the light emtting elenent. The first

i nsul at i §GURINEMACITS manutagtyraprogessi c i nsulating film typically, a 30
silicon oxide fil il oxyni tride,fil or a silicon nitride.film
or a laninate havisiy ok 8t degems shoghts Ah ORI AlEaryIg o4t Sl i ng
filmis fpifmg deVich mniBickYDpiodess/ Which the reaction pressure is set to 20

to 200 Pa, thé substrate tenperature is set to 300 to 400C, and the high
frequency (13.56 MHz) power density is set to 0.1 to 1.0 Wcm for

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment Mode

A TFT 101 is formed on a substrate 100. The TFT shown here is a TFT for
controlling a current flowing into a light emitting element, and is called in this
specification as a current controlling TFT ]:01 (Fig. 1A).

20 On the-current controlling TFT 101, an interlayer insulating film 102 is formed
for planarization. The interlayer insulating film 102 is formed from an organic resin
material such as polyimide, acrylic, polyamide, polyimideamide, an epoxy resin, or BCB
(benzocyclobutene) to have an average thickness of about 1.0 to 2.0 um. The substrate
can be properly leveled by forming the interlayer insulating film 102. Moreover, the

25 interlayer insulating film can reduce parasitic capacitance since organic resin materials are
low in dielectric constant in general.

Next, a first insulating film 103 is formed on the interlayer insulating film 102
so that gas released from the interlayer insulating film 102 does not affect the light
emitting element. The first insulating film 103 is an inorganic insulating film, typically, a

30 silicon oxide film, a silicon oxvnitride film, or a silicon nitride film, or a laminate having

the above films in combination. The first insulating film is formed by plasma CVD in



el ectric discharge. Alternatively, a cured filmcontaining one or nore
kinds of gas elenments selected fromthe group consisting of hydrogen,

ni trogen, hal ogenated carbon, 5 hydrogen fluoride, and rare gas is forned
by plasnma treatnent perfor rred on the surface of the interlayer insulating
film Thereafter a resist mask having a desired pattern is fornmed. A
contact hole reaching a drain region of the current controlling TFT 101 is
f or med to“ffbfrﬂ‘mha r@aqtlpngrrdﬁﬁure is *:le@lb 2T he2Gd Pa, mige dubseate serfigaraeet i @ 30@ko fi l m

or a Ti Q S 0 e%éverre{} f|Im or to an alloy filmof A and Ti.
The materi 63(? “géﬁﬁ Pyt MEl) SPWEReesy avegioe & i enl- Ut\B/CﬂbrfﬁT a
film anderee&momsewg@ fAit&hdt?veth%L{e%dghl@tc%neuﬂséufn%dms%?9 Kifdls of g

transparent conductive film 105 Ts fornmed next to Serve as an anode 6f° t he

| i ght eni ticimegtd sjented Trha the apvsyarcemistmgrefugidrogenf niibgdH)ShdlsechyRil Galtoy,
forrredfrg |nd|H ‘i“d (ﬁmde (1 TO, or from i ndi um oxi de W|th2to 20% of
?‘% HY S 2R

zi nc oxi d8Y¢2Re) B lsf@WYa%ﬂ@a ireatmepiRsatopyed pe iy ridpeof
transpar eff. iR 105. Thereafter, a bank 107 is forned and heat
t r eat ment ersl ceh%g&é{iéeﬁgmf 0 to 350C. In this specification, an

insulating film wihelafiasa ARisORLBk MEviabQVeesirbe paf@das aaehani @hc&ﬁé(&riﬁ)le the
edges of the anode is called as a bank (Figs. iB and 1C) The surface of the

anode 106"ShiRE detiaingraign af Pyrcurisol wntw}dungaTEBHau Js fobmee do (RO pwinngsline

bst | | f f th de 106
o TomolB Qo el et IS AR il o A B 61 I RS R m 60t f ace
Wi th aidPVéh all@ofiyybNX! ad TOhGlhk mAas ¢ RYLHuS bﬁ%ﬁhmort@acb%ﬁ%lvdﬂd?ﬁmn

surface and renove dusts therefromis expressed as w ter w pilng
t he surf a@doon aifiim, andthe obtrizsdfiinuisipaterned mtmgaﬂcfhwﬂ]smﬁpa s fornmed. 25 An

or gani ¢ conpound 111 and the e 112 are fornmed on the_second
i nsul ating film 1‘%3}/ AFRRCL OB ‘thi"ﬁrs}{]f“af‘?SL fgl‘? 19H 1P SCLYe 55147 4de of the

pol yam d%gm%fn\fﬂting layRr. ﬁﬁm&nsﬁﬁrgﬁ‘tmoﬁdﬁ&ﬁ"crhlfn%l ety r];{;&lif\ cﬁ) é@fr%?a&%mgpi n

coating to a thickness of I to 5 nm The organic co ayer I's a
| ani nat e tithexidea F0); or faatdiitdian dxadeavith §hd 20%nif tztricrgideaZ@i0) naxhi)ihereiirnj ection
| ayer, a hole tr chI’tI ng | ayer. a hole blocking layer. an 30 electron
transgdrting | ay:fh Zhods ds ¢ fosmet by celEiyRg | Wy efranspapst feandpgtiver filist 405 n

ot 1o Ty 5 SIS R B M) 30 S5, a1
or gani ¢ cpeqticatibn, ay énsulatihg fils whichedds afhpenng eboed tmfdnbheawmmo%& i's
MgAg or ahéb\ clecigléls o?ltlleo%o&g 1s| c%ﬁcc? Ils a bank (Figs. 1B and 1C)

The surface of the anode 106 is wiped using a PVA (polyvinyl alcohol) —based

20 porous substance along with a washing liquid to level the surface of the anode 106 and
remove dusts therefrom. In this specification, wiping an anode surface with a PVA
(polyvinyl alcohol) -based porous substance to level the surface and remove dusts
therefrom is expressed as wiping.

After wiping the surface of the anode, a second insulating film 110 is formed.

25 An organic compound layer 111 and then a cathode 112 are formed on the second
insulating film 110. The second insulating film 110 is a polyimide, polvamide, acrvlic. or
other organic resin insulating film formed by spin coating to a thickness of 1 to 5 nm.

The organic compound layer 111 is a laminate that has, in addition to a light
emitting layer, a hole injection layer, a hole transporting laver. a hole blocking layer. an

30 electron transporting layer, an electron injection layer, a butfer laver, etc. in combination.

The thickness of the organic compound layer 111 is preferably about 10 to 400 nm.



alumnumand lithium. Alternatively, the cathode may be a filmforned by
co-evaporation of -an el enent belonging to Goup | or 2 in the periodic
table and alum num 5 The thickness of the cathode 112 is preferably about
80 to 200 nm The state of the surface of the transparent conductive film
after wiping treatnent is observed by using an atom c force m croscope
(AFM, and the results are shown in Figs. 14 to 16. The surface
observation in thT1$3 eatbmtbi hEhts fos@ed &3 evapmase eff@ihe Sigfmie eodPouddolahdiO
filmthat_js.f a thickness of 110 nmon a glass substrate and

crystal | i 2ddp it TS SRGRAAC abe A8tEde Filgsts MaAgmr flg\lsfﬁo%\]/iq\héaIIO\ of
I rregul arélﬁllnﬁ?mﬁ)f ar{c\hqltﬁfﬁ t ra%?te%"é[lfxgge IHQSC%EI'\AIO%d fbﬁ/dv bc 4. ‘?hmwr} dFlbq 14
are results of observing measur enent’ surface Be ore W plng ?é%let ment

wher eas Fiogevapbrashnws as e&uiethﬂéngiﬁ)@Qf@tdng tdie mwwm&m%ﬁ aggniahfer
wWiping its treatnent. Fig. 16 shows the average surface roughness (Ra)

beforeDan@%thtcéﬁewoéTfr?gcatftqdéétlmref%&h&ga@w BQF(E%M) . product of Ozu

Cor poration) as \/ oro terial for WI The er age.
surface roughness "Ee'rb%lpl é)?glfgasﬁlﬂtléae {Iﬁ D& GIRBHS MO Vgg% Tﬂ ¥[e P@eént er
|i ne avertagen&igi ighibseletd ety dh %t(ﬁgﬁqgarc‘éafﬂlc?@%céﬁptkﬁﬂl Whtdn tffeei%@@?ﬁt afe0 the
20 surface to be observed. Fromthe results, the average surface roughness
on the méa‘é’ﬂri@ﬁ@ﬁtl%ml‘face is reduced and the | evel ness is increased after
the wi ping treat Enmbodi nent .1 Thi s errbodl ment %I ves a descrl ption

about a light eni |SH5fa%ff APRERYRIPR AR thig embedimeRt PIcs 45 A dRcATuTeHtynt MuTase é8ent
i nvent;ponToDSSE kHal t | e
Rt R T S B R R

n- channelhe@iRieatmehtat pS@tannel TFT) for a driving circuit at the same tine

on the same sub rat(_a\1 The_pj xel  portion_has the |I%t emtting el enent of
the present inve ord? 2ifelS ghowit ‘SH&?&U&WFS iof (s s el sHTchObpErEdREry of
the pixelamgrti ) p

enbodi nent, a??ﬂwn? g %sﬁ ?%Zrtegllglozfso}gp&m c%e%gggﬁr}%?te{ugggéﬁlgfcohéi sb&
#7059 ¢l frestnomt Whekds §igads shOwg ms@lduﬂftobﬁérvﬁgrtm ngadupenENRuah&H ter wipihg
al um no borosilicate-glassis-usable-as the-substrate -b-900.-The substrate
900 c&h HEAUMARL| i ght-transnissive substrate. and a quartz substrate

Fig. 16 shows the average surface roughness (Ra) before and after wiping

rni ng

treatment using Bellclean (a product of Ozu Corporation) as a PVA-based porous material
for wiping. The average surface roughness here is expanded three-dimensionally so that
the center line average height defined by JIS BO601 can be applied with respect to the
20 surface to be observed. From the results, the average surface roughness on the

measurement surface is reduced and the levelness is increased after the wiping treatment.

Embodiment 1
This embodiment gives a description about a light emitting element that is
25 manufactured using the present invention. Described here with reference to Figs. 3A to
6B is an example of a method of manufacturing TFTs for a pixel portion and TFTS (an
n-channel TFT and a p-channel TFT) for a driving circuit at the same time on the same
substrate. The pixel portion has the light emitting element of the present invention. The
driving circuit is provided in the periphery of the pixel portion.
30 First, a glass substrate 900 is prepared. In this embodiment, barium

borosilicate glass. typical example of which is Corning #7059 glass or #1737 glass



may al so be used. A plastic substrate may be enployed if it has a heat

resi stance against the process tenperature of this enbodi nent. 5 Next, as
shown in Fig. 3A a base insulating film901 is forned on the substrate

900 froman insulating filmsuch as a silicon oxide film a silicon nitride

film or a silicon oxynitride film In thi- enbodinent, the base
insulating film901 has a two-layer structure. However, a single |ayer or
nor et har(prodoct efy€owiing Incheporaied)] at dlngirfd borssilicat ghiss &bowblenmythbeuhssred as

t he base suI tin f|| The first .| ayer of the pase insulating filmto
901 is a ﬁS&}BWﬁ‘? DA eSO iBhBIHBISE SHOTR &I qB?ftzlé‘Ptt“Hdtﬁoo nm
(prefera 0 C,

and NO '?"hey |b% gﬁéé?ox&y ﬁ?a‘tg?%{ é@"?{ §qgﬁ1n§)/laaﬁgl§?r%§§ll{ E?%n'I Pru’élt[ I&%@%‘E Hé‘gﬂ

27% —tBél%ocl:ts#milﬁ@/ﬁaturé of mexckmbvdiém. enbodi nent has a thi ckness of 50 nm
The second | ayer of the base insulating film901 is a silicon oxynitride
film961b for med NetaaStShPYRARER: 8 SGaﬁledﬂSZldmmﬂrﬂlTFﬁ(UﬁF &rrgredisingtha Bipsirate150

oxyni v r1 aorrie Bt Phe el S sk SUNER og B 5y il il SF9hicgn.

formed i roxyhitsde g rmntb ch@ﬁ]badinmnc kﬂﬁs§as@f ind&lQtAIM N b hendBag awbligdrat i ng
film 901, sem conductor layers 902 to 905 are forned. The sem conduct or

| ayers 96tuetgreHawever.gr singledgyopar eornitieg Gwet Byers déshe agultingdilms lizgd

talli duet bt t
1T i ¢ 900 SRy PEMOHE S Clhe oo e tRlins Fish o TachBton et b e (st ERiRg At v,
pl asmgo O9BY i0h silfeen okikigldeameh Omrroﬁﬁ&i R4 iniéknkfeotl 1d 10 109 rhﬂ@waferablv 50

crystallization treatnment (e.g., laser crystallization, thernal
crystal | itgdODarm) by nlhmmarréIVlaruﬁmgam reagtioro gadu Silhg N gkaid NeOot Pfhc s:l:con

cat al yst nduct or ers. 9 05, ar 2

t hi cknesé’l‘ﬁ%‘ % gf‘%rggﬁ?y (%@mP‘E’)“ r‘ﬁﬂo 0ﬁhe ﬁ%‘l’ 37 Clgheié% at I

seni condyghi frﬂ Hﬁ@ leﬁlbeefmedtlmtaeémck%egs 8t 50GHR. 0Th@s§do|nticl@ 196 [IE%AJ;E‘
(SixGet - x (X to 0.02)) alloy is preferable. hi s enbodi nent,
an anor phraubtmglﬁlmcﬂﬂlflsIarmlvacmroxanmhﬂecﬁlme%lboiforﬁsd ma ﬂﬂckl‘fess ofe®D twy2(fl ms ma

CVvD and the Sol ution_cont ai nin ckel .is held.to th ace of the
anorp%uéprgfqﬁﬁ%do P ASOTHE) Bl ﬁ’&u VD ysiggpAs F5acHeR §a?13klfl4§ : g’t edPEo

dehydr ogefiabh otyihidhib Wy (LA cgglda%ﬁ% . si bepof, @ thesaal crmtﬂu hggti on

(at 550C. ftor ours) aser "anneal i ng treatnent for
i rrproverrﬁcmnedfmdnyemabdimm Wed othbdihedsrofd0Cnyst al 1 ine silicon 10 film
Patterning treatnent using photolit ho?raphy is conducted on this

crystal line sili&nthe R insaiating fHm POTsERIEIHYGOr dyersaifds o Yrae Jognesl.

The semiconductor layers 902 to 905 are formed by patterning into a desired shape a
20 crystalline semiconductor film that is obtained by fonﬁing a sermiconductor film with an
amorphous structure through a known method (sputtering, LPCVD, plasma CVD, or the
like) and then subjecting the film to known crystallization treatment (e.g.. laser
crystallization, thermal crystallization, or thermal crystallization using nickel or other
catalysts). The semiconductor layers 902 to 905 are each 25 to 80 nm in thickness
25 (preferably 30 to 60 nm). The material of the crystalline semiconductor film is not
limited, but silicon or a silicon germanium (SixGey - x (X = 0.0001 to 0.02)) alloy is
preferable. In this embodiment, an amorphous silicon {ilm with a thickness of 55 nm is
formed by plasma CVD and then a solution containing nickel is held to the top face of the
amorphous silicon film. The amorphous silicon film is next subjected to dehydrogenation
30 (at 300°C, for an hour), then to thermal crystallization {(at 350°C. for four hours), and then

to laser annealing treatment for improvement of crystallinity to obtain a crystalline silicon

10



The sem conductor lavers 902 to 905 may be doped with a m nute anount of
inpurity el enment (boron or phosphorus) in order to control the threshold of
the TFTs after s the formation of the sem conductor |ayers 902 to 905. If

| aser crystallization is used to formthe crystalline sem conductor film a
pul se oscillating type-r- continuous wave excinmer |aser, YAG |aser, or YVOX
| aser can be enployed. Laser |light emtted by one chosen out of these

| asers i s fiiwef Ertitriningontarecttedingi phowlishdgrapharis bemhntey canhptrystdlins yisicem
before irr dlatlgg t he senlconqucto film_io Though conditions of

cryst al | i SRS OEhdesemicondugion ary E?ym%boper ator, there are sone _
preferred condi ti qf§ e WA EKELEB02 hR3B65 nla Bés&gyeg%ﬂ{_g%ﬂ?utg ?rho'?ﬂ LEons

i nclude setting the pulse osciliation frequenc aser
ener gy denspuytytederi€ (barod @0 phosphomie) mtqmtraalcbmrolaﬁé) tiireshdQDomehe CTHT) .afivhen a
YAG | aser is used, preferable conditions include using the second harnonic
t hereof’ HKdoEBRlHq tF%éC“E)‘G‘P%(B‘C@é&YFISa%zéﬁS’W equency to 30 15 to 300 kHz

and the | aser enegfg%s%ﬁﬁétsﬁlg%tﬁ 0 t8 tg%rﬁ%g rE?vs al I?e I‘fl'lgx;’lduc? ttllrrb.Soo

ml/cm ). The |ase Cted into I near vin th of

100 t o 10p@iserpsciditthgmypé of ccﬁxﬁlﬂﬁlh‘ﬁwa\ts)e)dcirhadbéﬁreYAGeld%ﬂt(brr‘ﬁvw'Iefs@ﬁ@drpf)e t he
substrate with the beam In the irradiation, the overlap ratio of the
li near | a%@Pl(HYF%htLi‘%'}f élebt BItBE by PIOTOseteRY!. Ofdhg‘&tléqqfﬁmfaquﬂtgy fcplleatod6 i s

f dt d t 0 902 905.
Ut | s\ ok lS B 6P UUGHR | QUERO et i e seliafidicor, filme on

by pl aﬁImTEM[ghoéorﬁimﬁrts%ﬂd} sthifiz@idnhéGKBES& mtaéig B)Odli%geﬂ:smr S aRMped ment
uses a S|I|con oxynitride Tilm (conposition ratio: Si = 32% 0 = 59% N =

7% 2orpferfegrapditiops. pl Wham aaimer lasqrm @scdesrsfe@ziblqg@ldmmnsméu@caze@tmg

i I t fil t t t f ,
Ut may B Ui BG4, iph 3 e GEaR Dasriasiy g o erdll °°
cont ai ni ﬁﬁJ/@hF(ﬁzﬁf&aliy\VE@O 18360 IAHP).0X i Whed & MRG Bisiisigdsdo 5retfé}§b19%§dmom

insulating film hefilmis formed by plasma CVD in whi-ch
(t etraet hptlude mbwgnlhﬂ aoe) hamon©, thereef, aud<sm|§mg the puheasdzlllmmqﬁrmucxeta ) set

to 40 Pa, trateterrperaturels s 00 to 400C,. and _the
frequeld cym(@ %%b theolRssr casrey; dspsity 1Q Ot't? gOQS"W?“?) dyRigalhy 3f58rt°e~]’(ggt ric

di schar gey,y3()2 Thenﬁe' 1h§e‘r' ﬁ’ightoi%( 'cgﬁecjt‘% ittt zthI?caF Béﬁ ‘ﬂaﬁﬁﬁ‘e%ﬁ]‘{a 20816506 Nn,

characteri sti cs as t rnsulatin en th mrecelves
subs equentOOt;hﬁrfmlexampreata ingdate #OOntie sﬁﬁ&@ oflthe Aublyerate-wigls tigtt@ain. cAndiuct | ve
| ayer 907 fqr formng a gate electrode is faoarmed on the gate insulating

film 906 Fradigtipm, t&?‘(ﬁ‘é%f&apdﬁt@ebth‘?é‘“ﬂﬁfdaﬁﬁmlﬁlﬁﬂ‘éﬁ%r‘%@§P %%6-t o 350 nm).

Next, a gate insulating film 906 is formed to cover the semiconductor layers
20 902 to 905. The gate insulating film 906 is formed from an insulating film containing
silicon by plasma CVD or sputtering to a thickness of 40 to 150 am. This embodiment
uses a silicon oxynitride film (composition ratio: Si = 32%, O = 59%, N = 7%, H = 2%)
formed by plasma CVD to a thickness of 110 nm. The gate insulating film is not limited
to the silicon oxynitride film, of course, but may be a single laver or a laminate of other

25 insulating films containing silicon.

When a silicon oxide film is used for the gate insulating film, the film is
formed by plasma CVD in which TEOS (tetracthyl orthosilicate) and O~ are mixed, the
reaction pressure is set to 40 Pa, the substrate temperature is set to 300 to 400°C, and the
high frequency (13.56 MHz) power density is set to 0.5 to ().8 Wicm® for electric discharge.

30 The silicon oxide film thus formed can provide excellent characteristics as the gate

insulating film when the film receives subsequent thermal annealing at 400 to 300°C.

1l



The heat-resistant conductive |ayer 907 may be a single layer or a lamnate -
of two, three. or nore layers if necessary. The heat-resistant conductive
| ayer may be a filmcontaining 5 an el enment selected fromthe group
consisting of Ta, Ti, and W Alternatively, the heat-resistant conductive

| aver may be an alloy filmcontaining one of the elements |listed above and
other elenents, or an alloy filmcontaining a conbination of the elenents
listed above. Sputhetrasgtant c@Miciie lagad7dof firmiideghealectredd Stfamied on
conduct i Vef] laver. Jn order to reduce the resistance of the |ayer, the
concent r atiCcHOIMSPRHNE THme0d8 i Bickaepsi ¢ 30001490 erm (rrekerily d5H& Pehared and
t he oxyge ent:r.at b Q- part. j refer y..re ) 0 m or
oas. 1 n TRy SOETRURRLaRabGpler 3y B e B! BRerlort HEEH Pt P e
W film neymioe: hoemedindeyssaput (Tae hag-resislaniWoaduéthe 1har @edy, beod fiby chbheimd CVD
using tungsten hexafluoride (WF6). In either case, the Wfilmhas to have
a | ow riesibtSmey sehpclsdgpmy icygeup tgeasipfing |oh Bs H. gad Vel ddtermgizelyathe

desi rabl e, r.esisti Vit -t h i,lm.is lower. is, The resistivity
of the w vt icba Sk Meby o0 Pl SO e 3o SBis BBy
t here ar eatiove affdRyher EfRutentsy ohe Medt Sins U6RaiAEgOXYEBFInAtibrt Srah¥\efehdefls listed
crystallization is inhibited to raise the resistivity. Accordingly, when
the Wfil#pove. f Spwhcdmgyor SpYiPtie psedgo farm e heageesisint lsoadyntivi tgveof @%rdert o
99. 9999% j s uysed, and . reat, care j s taken not to allow inpuri.ties in gas
phase to i R e BRI, b R iRk o Tadin sonfea ih i
20 camehast@uRl b fvdréd/ htd/ thefoxgéiDcafchtrAdon inJRkdu@dri i @rFaph! RAukE Ued to
forma Ta filmfor the heat-resistant conductive |ayer 907. The Ta filmis
f ormed bypnmiondessr sthismmbodimeny, 436 filmfis formegpe ephichness o300 nm. of TXeéWor  Kr

is added t.0 the,sputterin as, the internal stress of bt ai ned Ta

ol ie Uy 5’339%% ¢ thtiCire pith, W s ghe ety %3’-"&?‘??“’4%3"3@51“&6?%#? of a
Ta filmiRxandGiRase)] sirphewt R0 hOW ' I i AR rQde.
On the ot hgr hahdr@?hﬁg resi glt;(l:a\%?tt?/ of gﬁ%éfﬁ)i m@:ar%&?g&ﬁ g%glﬁg?dg %%@180
pQm and ths Widilmswiatgald deduadde.a dalesirabdd esistioteof dhe B ffliml iI20 MZcnpbakevet.an -

readily b@Fobtai_n,ed E?{ formng, as a _base of a-Ta film a TaN filmthat
has a ‘er yStealesSiyite oLl ¥p Himxaapdiearedeced iy msreasmg the shskd Srah sisnbHott
shown in i it i [ t Llivoomy fi i.th
hosphor e g 180 28y fmpurfly Slebitale 4w @ SRlEEh I e NE el o ABRARbe"s
heat - r esiisitibited sondbsché sesistialyer AQdrdidgty,swhénghe W éBmasl heraredds spartéigy, a
conductive filmto be forned thereon and prevents oxidization. t2 At the
same timeY tRrgst withi ity iof §95 ©ASROF ifi e @nd aompdt cafe i§| trigan i toratiay

el ement ;e ankialniadl Bl G0 BRRY (RS TR PR B! b 2V RRERNe Wi om

diffusing rnto
20 can have a resistivity of 9 to 20 uQcm.

Sputtering can also be used to form a Ta film for the heat-resistant conductive
layer 907. The Ta film is formed by using Ar as sputtering gas. If an appropriate
amount of Xe or Kr is added to the sputtering gas, the internal stress of the obtained Ta

film is eased to prevent the Ta film from peeling off. The resistivity of a Ta film in «

ta
L]

phase is about 20 uQcm and is usable as a gate electrode. On the other hand, the
resistivity of a Ta film in 3 phase is about 180 uf2cm and is not suitable for a gate
electrode. A Ta film in o phase can readily be obtained by forming, as a base of a Ta film.
a TaN film that has a crystal structure approximate to that of the « phase. Though not
shown in the drawings. it is effective to form a silicon film doped with phosphorus (P) to a
30 thickness of about 2 to 2(0) nm under the heat-resistant conductive laver 907. This

tmproves adherence to the conductive film to be formed thereon and prevents oxidization.



shape gate insulating film906. Watever material is used, a preferable
resistivity range for the heat-resistant conductive layer 907 is 10 to 50
ItQxm 5 In this enbodinent, a TaN filmis used for the first conductive
film907 and a Wfilmis used for the second conductive film908 (Fig.
3A). Next, resist masks 909 are formed using the photolithography
technique. Then first etching treatnent is carried out. The first etching

t r eat ment Ait She emeleiaingy the didicon ffilmslﬁreﬁérﬁhbﬁﬁmﬁ&nﬂhédrﬁﬂﬁ Arginzaaendcemehi ng
conditions. 10 In this enbodi nent, an | CP etchi ng@ apparatus i s used,
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et ched Under the Ibthis emsfoddmetti adadioliidi tsi wnd forThe fitit cendetishifing %Wondidtd ons
are then

e sec et.ch ns without renoving the
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he f] h T f
conduct’ ve | ayer S2g 15 0 R1 4 I A SRkt AREECIRER S0 e b

films w tdsomchihgges, nlie sty dfegisdURy ritbehaésthis Rer tot IFES 16, IORPRDESL ByHAapbout
10 to 20% for qver-etching. The selective ratio of the silicon 25
oxyni t ri ROVST |93 MC@aﬂSeaWﬁs al aprosepre iof M@d@)ﬂeﬂ@ateméavm 4 1 RF (5326 MH2)

iV ie diveliob 2 mafRss bofsd BRET nr HioRREac VUF Gunfng-Rua b

(Fig. BB)subéfhletihllfyl reghtivioRi Miflad vARgERNApplisd BREEE! MBHe WO fiAREettR& under the
sem conductor |ayers with an inpurity elenent of one conductivity type. An

|rrpur| y mef endgionps-ng 11§t ¢elgpag CBO0ditionsiast ntS)WI edgedh¢ secdnds
15y fupteptehingf epndijiops.ngThé dirst tlp; digionsl thei iiched gedhi dmid

dopi ng st r enpy, reS| t masks 909 m conduct or. | ayers
00 1o ouihih ' AaHtions TR teRART B Pk ) URGst: Tis PHpngbipg™
first tapehd%ibaneCKomndudl hieud-a%e 'éﬁ:hﬂﬂg?ga%nﬂ)c%{?b 85 o ABBHS 1rat\é'h§ér%}>’15 Skt N

type inpurity regions 914 to 917 are ormed in a self al i gni ng manner.
Used as ®Re/30nPUEM, yandl Rdh3.56 MHz) power is given at a pressure of 1 Pa to generate

plasma. RF (13.56 MHz) power of 20 W is also given to the substrate side (sample stage)
20 so that substantially negative self-bias voltage can be applied.
Conductive films 910 to 913 having a first taper shape are formed through the
first etching treatment. The angle of the tapered portions of the conductive layers 910 to
913 is set to 15 to 30°. In order to etch the films without leaving any residue, the etching
time is prolonged by about 10 to 20% for over-etching. The selective ratio of the silicon
25 oxynitride film (the gate insulating film 906) to the W film is 2 to 4 (typically, 3), and
hence the exposed surface of the silicon oxynitride film is etched by about 20 to 50 nm
through the over-etching treatment (Fig. 3B).
Then first doping treatment is performed to dope the semiconductor lavers with
an impurity element of one conductivity tvpe. An impurity element for giving the n type
30 conductivity is used in this doping step without removing the resist masks 909. The

semiconductor layers 902 to 905 are partially doped with the impurity element using the
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for inparting the n type conductivity is a Goup 15 elenent in the periodic
table, typically phosphorus (P) or arsenic (As). The doping here uses
phosphorus and i on doping. The 5 concentration of the inpurity elenent for
inmparting the n type conductivity is 1 x 1020 to 1 x 1021 atons/em in the
first ntype inpurity regions 914 to 917 (Fig. 3B). Second etching
treatnent is then conducted w thout renoving the resist nasks. The second
et chi ng tfisatapenshadps cwadudtiad lowirs Qbeland BB rd eiskhi WEerewNdidi inoRge AgudiQurt h
etching conditions. In the second etching treatnment, sinmlar to the first
et chi ng th&’éﬂPﬁéﬁi‘ 1o 987 13 fqreyd 4p gateHtraigning maplesy edsedopathaiapaiity demenised
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fourth etching conditions, a mxture of ,, and 02 1s used as
et chi ng dads, seeped REh{n (6@ mivelr s pawed dus widve thiat emhingr @sslitions afnd 1foRPaht o
generate plasna. 13.5 power of 20 Wjs alsq given to the 20
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Then secdmieafdpsetgo SO0 SEGChannd BF (OBS6 NMHzWIwdr it hives am pareire bpl Puayer s
are doped with an n type ir;rfgurit el ement _t hrough the second shape first
conduct i $ENGTRIE AR 9‘%‘541%-6 dvHg) powsr af 2BsY) is, dlseabiga ta thy substruride y

regi ons e S Lyeky f o} S| of. the..channe
format: oh B SNeh) ot (Pl BERRR A A el s MRIEEIRPEL

regi ons 9Yddn¢duldes thd drd embmptooatitions afe ddndudtiRUiiinisy? istcedIhwh@eqrRew type
inpurity region is set to 1 x 1016 to | x 1019 atons/cnB. In the second

dopi ng® stEP and s T Him greokiehesitothpsams degeeedBigedChith the n type inpurity

el ement also thr . t aper ed. [t of,_the first. | aver..second
shape conduct i ve%f}:n%&g%aﬁ}%o%gﬁg%’%{gsnl ﬁIHe;ir PRI %hlec%ff:lglgﬁ,coﬁg}tfolnﬁn%e of
the secodoithnied ypthel WK ictchifge@inditionk NaUn@saht gurth@chihf Sbndid¥@, 2 Miknsecond
shape conductive filnms 922a to 925a are called Lov (ov™ stands for

‘over | ap®h Chreflongd Preisetssdpisr etcling 896, e REeddnt MHz)prowarpargiton ategi ons
that do Eﬁ%gsu%/ &f h b %@nériatresptlasma. RF (13.56 MHz) power of 20 W is also given to the
20 substrate side (sample stage) so that substantially negative self-bias voltage is applied
thereto. The W film is etched under the fourth etching conditions to form second shape

conductive films 922 to 925 (Fig. 3D).

Then second doping step is carried out (in which the semiconductor layers are
doped with an n type impurity element through the second shape first conductive films
25 922a to 925a). As a result, second n type impurity regions 926 to 929 are respectively
formed on the side of the channel formation regions that are in contact with the first n type
impurity regions 914 to 917. The concentration of the impurity in each second n tvpe
impurity region is set to | x 10" to 1 x 10" atoms/cm™. In the second doping step, the
semiconductor layers are doped with the n type impurity element also through the tapered
30 portions of the first laver second shape conductive films 922a to 925a. In this

specification, portions of the second n type impurity regions that overlap the first layer
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| ayer second shape conductive filnms 922a to 925a are called Loff (off
stands for -offset') regions (Fig. 4A). 5 As shown in Fig. 4B, inpurity
regions 932 (932a and 932b) and 933 (933a and 933b) are forned in the
sem conductor |ayers 902 and 905, respectively. which are to serve as
active layers of p-channel TFTs. The conductivity type of the inpurity
regions 932 and 933 is reverse to the one conductivity type. The inpurity
regi ons Q?ZOQ%QhQESCQ@@C@TEeﬂITﬂbB%dm A2%a seel dallatlilgi figy metAmdsr fobyoderpnmg t he
sem conduct or ers wt g n{% ‘f*ﬂﬂit to.elenent that gives the p '
conductlvﬁgipr\ﬁh eéeaﬁé)oﬁb(’“f‘ﬁ e %B’ﬁﬁ&‘@??% rF%W’é‘r@db‘éGZ“maﬂ’fG“@Q@ é‘“
masks. Prij,0&r ) f t Qe GOV Er
the enti rg s%rg?%dg%%pg%?&gugée%ﬁé%%djurgtt% i(?r% 5?§%e%2%g’§ﬂf (5? S(5‘91{ Fﬁgrt Oa(@?ltrge
serve as @gtqnvéFllgM'A)s of n-channel TFTs. The p type inpurity regions 932
and 933 are forne ion IIgllopl ng. usjing dibgorane (B2H6 The concentration

of theJinmpurity f ‘?S NFar FiggH napyrityiseions 9%%(1%26@@9%%} and8B (P33 010
to 2 10g5 d 933
0 X }) QfEBdoﬁ'Hﬁd innthgqnglCBBdJchtﬁ 19 etr§/ 7 A%Q %{f?lggg NShi ? affllr%%{] fLve

At a closer ook urlt region con

i mpurity ase&ceﬂvedaydrhaf pglh‘ﬁﬁﬁelt”ﬂéfqn tl'h@%oﬁ&mﬂumr irviet OF thEOYMREEy rddiéhsPo3y pe
impurity re ions 932 and 933 have no problemin functioning as a source
regi on arfdd 3§r‘&F€rYeF5éé?HW W HRSHANHELYPRO TRT smpyrity liegiorsy ¥ 20kodeP3vpo hret he

i mpurity f rtin e conduct jty in a. concentration
1.5 to 3 fts%'ﬁrrgasa%l %Ef ‘Jﬂ@? gnccrgb c ?’ngg |eoﬁer%lf°°?4¥§t°rr4ﬁlﬁ‘rl Y e PR ORI ot
gi ves 11‘0hee_ld.‘mén{ﬂﬁat?ﬂ§blﬂ1%|p/ tylp¥ -cond@dtiRal tetfile &idd fhetseboHdeEdANBive ﬁ%HIISaS‘Zan
film934 is forned on the second shape conductive layers 922 to0"925 and

the gate al“ﬂéﬂﬁ@@imﬁjm i Il?leJO@ tlas dgm@gn'emnt masls 94Cand Hal agFofmedto caveerHeayer
i nsul atin 934 X|de ilicon oxynitride fil or
a sili congﬂfet Sr“ir%tgesfcl’fl tﬁ’f g%ﬂncgn %Pfeé'; %@éﬁ“ﬁlgg(gﬁ AMHIRSF YT NG ?‘“e“ 0
conbi nat igdéhanh& BRYs. CaRR p s idhpdriy rb%ﬁ)ﬁsr b%’%ﬁd“ﬁ'ﬁbﬂr@tftﬂﬂe&c bl %@%%p]f
formed from an inorganic |nsulat|ng erial. The hi ckness of the TiTst

i nt er | ay aisingndipoeani n@B:Hs). m D84 comsceseatidno ol 0k timp20Q fim inbfardngithd gomypeoxi de
filmis us for the first_ i.p | ayer insulating film934. the filmis
il ik Hes et

f or med® by OBUEETEY 3SRl OSARECm, 1LFEhANIRGD YRFMRMAIRY Fegions
pressureohs ;586380 40 Pa. the substrate terrper ature is set to 300 to 400C,
and the high frequency (13.56 MHz) power density is 15 set to 0.5 to 0.8
WecenR for el ectriAt adileschdoaie the f tyvpedinpudymregioyn B2 bt 933 boathis the @dpfiery t he
first interla ei1 insulating film934, the filmnmay be formed by plasma CVD
from Si Hflement that gives the n type conductivity. However, the ptype impurity regions 932 and
933 have no problem in functioning as a source region and a drain region of p-channel
20 TFTs if they are doped with the impurity element for imparting the p tvpe conductivity in a
concentration 1.5 to 3 times higher than the concentration of the impurity element that
gives the n type conductivity,
Thereafter, a first interlayer insulating film 934 is formed on the second shape
conductive layers 922 to 925 and the gate insulating film 906 as shown in Fig. 4C. The
25 first interlayer insulating film 934 is a silicon oxide film, a silicon oxynitride film, or a
silicon nitride film, or a laminate having the above films in combination. In any case, the
first interlayer insulating film 934 is formed from an inorganic insulating material. The
thickness of the first interlayer insulating film 934 is set (0 100 to 200 nm. If a silicon
oxide film is used for the first interlayer insulating film 934, the film is formed by plasma

30 CVD in which TEOS and O. are mixed, the reaction pressure is set to 40 Pa. the substrate

temperature 15 set to 300 to 400°C, and the high frequency (13.56 MHz) power density is
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N2O, and NH3, or from SiH4 and NO. The filmformation conditions in this
case include setting the reaction pressure to 20 to 200 Pa, the substrate
tenperature to 300 to 400C, 5 and the high frequency (60 MHz) power density
to 0.1 to 1.0 Wcm. The first interlayer insulating film934 may be a
silicon oxynitride hydrate filmfornmed fromSiH4, NO and H2. _.A silicon
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step, the nt ckel) used in the step of crystallizing the
sem condu%ltggrbg:(%({/%?rgﬂ §1@?d N‘gettered) to the first n type inpurity 20

regi ons heavily d'@ﬁﬁﬂaﬁ/\hétﬁaﬁoﬁl@y@s déndeteaedhcdvird e l%ﬁh%f&n&lﬁ@ |tl?at dp@t
has a getter.i ng effect (phosphorus is used in this enbodirrent).
P

resul t 10f usgétt@ Phie smecondmf@ehwraum diffepdnt meccoaamrystand weeiﬂuemtthe 8 typeduced

in the ch for on r The act.iv |on is follgwed by a step
of hydr ogégn% ?%egc?rfrglacé‘é‘m co C?‘b’fmoq SRS af ﬁyﬁlge[g{na { pracehRs UsEE a0 to

450C for dank@irk2fur@ates n@%elr%nﬁmlﬂ iR Gapil &h n%'él @ﬁﬁ@ﬁﬁﬁb PAPRSY IR, ,
at nosphere conrggzzal ning 3 to 100% h)g/drozéﬁeln QI' his step Tgﬁf og tg 1?‘}1%(1 1016

to 10' 8/ crgead. tTieerslemaumﬂtmgtleerndy@p@ ibya mitergral diynospleird edtmylchr ogegen

O her usabl e enat met hods i_ncl u pl as hydr ogenati on (usin

hydr ogen ° ?ﬂw %S‘? iagﬁ’ﬁ)m I6¥s: Prricraply ﬂ:H BB ‘ig?sa]eii‘s aba TehReTRfareetl 4‘?93%%| t y
of thassermeen%@ea@lr Jd(%ea@oc%o%naq]e%p chielPH 14A0lchdoaAH %qs Bndfdred G018 O

|l oner. To achieve t 30 “sem conductor ' avers are ad Wt 1

0.1 at 0m5509/€ffybdrfmgehnurﬁ sIécaop‘ldsttmiLEblsllray&hatll’fnsub'art ﬁldig-réslldta’ﬁc935 ub&d hoewed tO
s of O 16 to 2.0 mfroman organic insulating

an average,t hi Cé@iﬁ
mat eri al SUFHELS aper rrmsaling s reipued-at i ng fi mmay be formed of an
organi c resin matgrdal he%yﬁjaatﬁ‘ﬁanp%ew {Heq:%talﬁ% et 81%1%?)”119%8’111 the step of

crystallizing the semiconductor layers is moved (gettered) to the first n type impurity
20 regions heavily doped with a Group 15 element in the periodic table that has a gettering
effect (phosphorus is used in this embodiment). As the result of gettering, the
concentration of the catalytic element is reduced in the channel formation regions.
The activation step is followed by a step of hydrogenating the semiconductor
layers through heat treatment at 300 to 450°C for 1 to 12 hours while changing the
25 atmosphere gas to an atmosphere containing 3 to 100% hydrogen. This step is for
terminating 10" to 10'%/cm” of the semiconductor layers by thermally excited hydrogen.-
Other usable hydrogenating methods include plasma hydrogenation (using hydrogen
excited by plasma). Whichever method is used, the defect density of the semiconductor
fayers 902 to 905 is desirably reduced to 10"/cm® or lower. To achieve this, the
30 semiconductor layers are doped with 0.01 to 0.1 atomic % hydrogen.

A second interlayer insulating film 935 is formed to an average thickness of 1.0
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pol yi m deam de, or BCB (benzocycl obutene). For instance, when polyimde of
the type that is thermally polynerized after applied to a substrate is
used, the filmis formed by 5 baking in a clean oven at 300C. If the second
interlayer insulating filmis formed of acrylic, two-pack type is

enpl oyed. The main material is mxed with the curing agent, them xture is
applied to the entire surface of the substrate using a spinner, the

subst r at §0i250 uRf RomeAlR RO iRulAGhE mAleMfat alheBRtod ity SenaNttne AR nfahen
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interlayer 15 insulating filmis used in_ conbination with the first
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noi st ure and oxygen T €l eased Trédm the organic resin itnsulati-ng fil'mdue to
heat gengnatexs @uabite ol @eeligftheesirtact PRopdely) CPloréoven AP @itédld @R insulating
Therefore, a first insulating film936 is formed on the second interlayer

i nsul at i figmf ¢annyed8er parasitic jogpfcdipngedsingd ATEARICOeGANMatelipls WratdwWgnriieleetrigl . 25

A silicon oxirﬂe. fil r'%pI 2 ?I\L({pn oxgni t rcisde f{l@s a sil ircgn nci tagl‘iddaen,_:fri1 Itm or
the Ii ké"ef)?%a sEUEFET L nd™ THTSE PREUF At P Hig ™I o 36, "AHE P S7 nStl At ng
film 936 g$ath© LR pRed@ivE YilmS PUthibREdRY a9 lin Rhid ifoodEent THR $dcbhd ihtegseat i Ng
film936 may be fornmed after contact holes are fornmed. A resist nmask

havi ngs a inpileging fEtrt &srused $n chmhingtiomredtht ihe fiostninteolayercinsating filldP3dahethis ng
the inpurity regions.that.are forned in the sem conductor. | S to serve
as sour CUMedInE *Dicon ik iy ofeon sRuitEls K SO PUELPE IR d by dry
etching. In this plicearintlaVerindtigund alhoBN@rkkd Rntaf brémihnlifdggas
to etch the first insulating film936 "first. The etching gas is then

changed tmtaiabimetyureteasd ncisture@nd gand Hepht emdttiog etemenssearerithown to be easily

degraded by moisture or gas (oxygen). In fact, in a light emitting device that uses an

20 organic resin insulating film to form an interlayer insulating film, it is conceivable that its
light emitting element is easily degraded by moisture and oxygen released from the organic
resin insulating film due to heat generated during the light emitting device is in operation.
Therefore, a first insulating film 936 is formed on the second interlaver insulating film 935
that is formed from an organic insulating material.

25 A silicon oxide film, a silicon oxynitride film, a silicon nitride film, or the like
is used for the first insulating film 936. The first insulating film 936 is formed here by
sputtering or plasma CVD. The first insulating film 936 may be formed after contact
holes are formed.

A resist mask having a given pattern is then formed to form contact holes

30 reaching the impurity regions that are formed in the semiconductor layers to serve us

source regions or drain regions. The contact holes are formed by dry etching. In this
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interlayer insulating film935 that is formed froman organic-resin
material. Then the etching gas is switched back to CF4 and 02 to etch the
first interlayer insulating film934. 5 The etching gas is further changed
to CHF3 in order to enhance the selective ratio with the sem conductor

| ayers, and the gate insulating film906 is etched. The contact holes are
thus obtained. A netal conductive filmis forned by sputtering or vacuum

evapor at i g, anglixtpatdfeaTmethdui RYusdd M8 kchink@asftoldied Sctiteninglighedsit® oher m
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insulating film945. The anti-electrostatic film946 is fornmed froma
nat eri al t}tlﬂﬁtes%%frﬁ(lﬁ‘élmrenoved by vvater vvashl ng (Fig. 5C) | nst ead of

form ng an anti - ¢l rostatl i trate d

anti - el ectrostat ?ct%‘é1 arr§:/ncase tﬁ'g;ﬁd g ﬁ%e%}t(?cagg}ekﬁ%“ 0&%@?& m?ﬂ@ TFT
subst r at ¥h¢ sk i dfenfetdhes ke dorthan ﬁ&ﬁ@a&&@iges@y PRe GlipaeheebddacORei@t | on
30 testing. Wien the TFT substrate is brought into the proceSS| ng room

(cl eatd r besa)infthis embedineantingn indivrghin axide €AY fihemaniilm obteined by mixing 2
o0 B ARRE o T R ol IR, 121, Lo 10, Then the third

The anode 944 is formed to come in contact and overlap with the drain wiring
line 943, whcreby.the anode is electrically connected to the drain region of the current
controlling TFT (Fig. SA). The anode 944 at this point may receive heat treatment at 180

20 to 350°C.

Next, a third interlayer insulating film 945 is formed on the anode 944 as
shown in Fig. 5B. At this point, the substrate may be moved to a processing room (clean
room) for forming a light emitting element. In order to avoid contamination or breakage
of the TFT substrate by dusts iﬁ the air, a very thin film 946 having an anti-electrostatic

25 effect (hereinafter referred to as anti-electrostatic film) is formed on the third interlayer
insulating film 945. The anti-electrostatic film 946 is formed from a material that can be
removed by water washing (Fig. 5C). Instead of forming an anti-electrostatic film, the
substrate may be stored in an anti-electrostatic carry case. Before changing processing
rooms, the TFT substrate that has finished the steps above may be subjected to operation

30 testing.

When the TFT substrate is brought into the processing room (clean room) for
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havi ng an opening at a position that coincides with the pixel (light
emtting elenment). A resist is used to formthe bank 947 in this

enbodi nent. The bank 947 in this enbodinent 5 is about 1 min thickness,
and a region of the bank 947 that covers the portion where the anode is in
contact with the wiring line is tapered (Fig. 6A). The TFT substrate nmay be
subjected to the operation testing again after it is brought into the
processi fgmuiagn flight efrdttimgnajeraent] ¢fiet amtiveletiromgatel herd4o Al tdnowgh oy mesirst
filmis used for_the bank 947 in this enbogi t,.apolyinmde to film a
ol yarm A8ty THORCR e FTTHYS T PBeREb CqS o BEERdp Pt Pa0 Y con
oxi de fiyl.m . : i (13 y be

i nor gani él dgllrng(%l?lg n?ué]gjaelsf(%l %ﬁbﬁgg&?@%}%&g%gﬁih&ﬁf&i(lr%‘éflt}leeg? ?dryg e‘%ﬁeﬁﬁ R :
phot osensedidstieuszdny ffoen itk haaRd47 i fhis embdiembank TAd Bank 947 inshipreaitexiabde to

etch a photosensitive acrylic filmand then performheat treatnment at 180
to 350&. iyt d B PHenss haf rirggion Of e RankiFhthal cgeery the portign jrhefeaihgp e

t f t. . ; 0C:fJ h. f
the” bank Rt i oGO Mol 1HE % et Eld, k%, C0fc IFTRAERER RAVERCT,

In this sesbasd @Mk opfa1isMidsaaE aghintdiRr anadieroBditt info Wep@dcatsinagoBel fel ean
(a product of Ozu Corporation) to level the surface of the anode 944 and
remove didemyng Adighf eroiiing elemient ng, pure water is used as a washing |iquid,

t he nunber of rotation of the,axis around i 20.Bel l.cl ean .i nd i
bor 10260 0o boadinsheh & kertdd Fuf it BseRUET BR vhbk 587 ftnBimdosfifh $ g,
(Fi 9. 18AfImNeYolyaiti@e T, sHhetyidtfin, @ BeRe@ehibcecl¥BEERN filki) Dsidtesn bRide

rel ease noisture and gas fromthe resin insulating filmfor formng the
bank, t h&lvaeubelikx raaydie tised ircoombuesesd dihe banloR4T sy bd enpreeniopr orgevwid#s f or
exanple 0.01 Torr or less. The baking in a.25 vacuum e cpnduct after
ooyt o B Ahis CABTE OF SR | 1 AR RE e obi e O iR (hE BT oy ¢
form ng ki b by d \Lonsi 3d ;i j ' j opned to
cover tn NG G RN B et AR A e o e e 18, & an
organi ¢ e30Cl | [Whersa abn-pRotasgeitive acgdic Filins used, 1af peefidrdiele fto benforor heat

pol yi mi deam de film formed by sg}i n coating, evaporation, sputtering, 30 or
the | fketregmgnt #;180ia330s fizst apd thep gfchig forgy the bgnk-ni s i nsulating film

CLack 18,1 N APl CiO et car e e ey by o o
949 and embadiheds t85Gufae: bOKeshorle d4deisseipedidising Bellclean (a product of Ozu
Corporation) to level the surface of the anode 944 and remove dusts therefrom. In wiping,
pure water is used as a washing liquid, the number of rotation of the axis around which
20 Bellclean is wound is set to 100 to 300 rpm, and the depression value is set to 0.1 to 1.0
mm (Fig. 6A).

Next, the TFT substrate is baked in a vacuum. In order to release moisture
and gas from the resin insulating film for forming the bank, the vacuum exhaust is
conducted at a constant degree of vacuum, for example 0.01 Torr or less. The baking in a

25 vacuum may be conducted after removing the anti-electrostatic film, after wiping treatment,
or before forming light emitting element.

A second insulating film 948 is formed to cover the bank 947 and the anode
944. The second insulating film 948 is an organic resin film, such as a polvimide film, a
polyamide film, or a polyimideamide film, formed by spin coating, evaporation, sputtering,

30 or the like to a thickness of 1 to 5 nm. By forming this insulating film, cracking in the

surface of the anode 9444 can be avoided and degradation of the light emitting element can
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insulating film948 by evaporation. A MyAg el ectrode is used for the
cathode of the light emtting elenent in this enbodi nent, but other known
materials may be used instead. 5 The organi c conpound |ayer 949 is a

| am nate that has, in addition to a light emtting layer, a hole injection
| ayer, a hole transporting |layer, an electron transporting |ayer. an
electron injection layer, a buffer layer, etc. in conbination. The

st ruct ur ée pfevehtedor gani ¢ conpound |ayer used in this enbodinment will be

described in detgil below In this egbodi pent 0 r phthal ocyani ne is
used for a hole %ﬁi @éﬁ?lﬁﬁomé?é] 'latYE)f %e? S C%‘}%Q‘KP%‘P‘&%QEHC# B8R e srsPed

t ransportj : . | a a 2 ; [W:1eH i ght
e 11 gy R 1o Y A g R oo PR P e L T e
used f or estitfihgredaitieriti ighthiseambbdimgni, dye oshet knobhainatedrlgani € be arpd umdeddayer s

that emt light of different colors. The organic conpound | ayers formed in
this enbdds REgRpicHosPPynd favee 9 peslamgrgssthahlips, wridditoado pilight emisisiayerat

emt gre ight.. an e ). e, |Lj e f. or j
conpounanayePetoR tshiCtol Ahoiile By an HiBihy ubeech TG ALWTERBRLF,

use a neimjéctionIkyer,G biffaNidvedtic. eMtdrhbingtidray eMe sttt fthé Bfchaic dohpbui@r i es
between different pixels. Ali 8ht emtting layer that emts red light is
formed flagen ysed 3n dupembodiment wol Balascribpstinggtaiifgelaw. - di sal i cyl i dene- 1,

6- hexanedi am nat ' .l Z | d d.wt 1 L

10- p)r(lenanlt hrolin Etizl % ?%Pg)‘,im%f-ngi C%é%y&q%%l?)c %ﬁ%—ef N V‘\%?cg F%n%%’ 81)e BIFF t(.l)%l? tlJar%eE 111)

(Eu( DRM ®hEReN NP 1iséd 36 EHokAPRkE AR YayRe mﬂ-of%m{ve&r@momé@us%al S
e

may al so be used. Alight emtting layef that emts greén light can
formed fewpr@BPrand 25 Ir(ppy)3 by coevaporation. It is preferable to form

a hol e bl ocking | r fromBCP i.n,thi case.  An al i nolil at
conpl ex (Al q|3) gaﬁg\{é‘t B%%&&Eﬂ%:‘ﬁ ﬁ%‘i“é‘?@c’ﬁer 5] ﬁlﬁlmﬁﬂ’ab%ﬂ]wg?‘?ﬁ%ﬁ%déa‘a &° be
used ins{eagdeq mgdlf&-y&ﬁ 1Y RRufn@’ 198ds b @Blath SRR édrﬁﬁol%_ndqhwn N APl ex

(Allga) using as dopant Coumarin 6, quinacridon,” or the |ike.” @her known

mat er i al Bghteof diffsenbeolesed. TIZ0orgatic ghinpennd {ayary foamed it hias eerbotisndsit uee | | ght
can be fornmed fromDPVBI that |s a distylyl derivative, N, .
N - di Sal {Es iyaes:-ones ghat sxaihsefl Lghtnges)t 3t ﬁ%lt(gﬁﬁ)" '(‘éH( ] ARSS) thehemitiug 20

£SO, B SOREATE Bl ROt by oy i e (2
mat er i al gossible to use a metal mask to form light emitting layers from a material that varies
between different pixels.
A light emitting layer that emits red light is formed from Alg: doped with
20 DCM. Instead, N, N'-disalicylidene-1, 6-hexanediaminate) zinc (Il) (Zn(salhn)) doped
with (1, 10-phenanthroline)-tris(1, 3-diphenyl-propane-1, '3-di0nat0) europium (1)
(Eu(DBM)3(Phen)) that is an Eu complex may be used. Other known materials may also
be used.
A light emitting layer that émits green light can be formed from CBP and
25 Ir(ppy)s by coevaporation. It is preferable to form a hole blocking laver from BCP in this
casé. An aluminum quinolilate complex (Algs) and 2 benzoquinolinolate beryllium
complex (BeBq) may be used instead. The layer may be formed from a quinolilate
aluminum complex (Algs) using as dopant Coumarin 6, quinacridon, or the like. Other
known materials may also be used.
30 A light emitting layer that emits blue light can be formed from DPVBI that is a

distylyl derivative, N, N -disalicvliden-1, 6-hexanediaminate) zinc (1I) (Zn(salhn)) that is a
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al so be used. An electron transporting layer is formed next. 1, 3.

4- oxadi azol e derivatives. 5 1, 2, 4-triazole derivatives (e.qg., TAZ), or
the like can be used for the electron transporting layer. In this

enbodi ment, a 1, 2, 4-triazole derivative (TAZ) is forned by evaporation to
a thickness of 30 to 60 nm Through the above steps, the organic conpound
| ayer having a lamnate structure is conpleted. In this enbodinent, the
or gani ¢ coimpognuhplexy dravidd9 ans addinétbind O@ompoumin 4st Vi ¢akhy. 6P to 450 ng?) in
t hi ckness, and the. cathode 950 is 80 to 200 nm (typically 100 to 150 nm
in thi ckndddPheaytginyDihiphsnygh (PRYBOamea avith peryisng: £ Bilies dnopmematerinde2050
of the Iight ﬁg&fting el ement is-forned by evaporation. In this

enbodi nment, Bﬁ g I's used for a conductive filmthat constitutes the

cathode of the |i ghtel&@fiohttiangpodlinRRt: isHEWRMPRexta £ 3 MoxadkdzoR! de@dafildsm (an
alloy filmof alumnumand lithium or a film obtained by co-evaporation
of al urfi nlim-dni@iazple dleamaies l(v?eg-e)ﬁ@%»g)rttbe Gkooan te wyedZoi whetehestpatispgicctingbl e

St et o AEow P GoSRRL S pri T Bl B ol EA B S ol bR B yani ¢

conmpound 4 aNEmed4S 308G otdae 20 cat hode 950 overl ap corresponds to the
light emtting elenent. A p-channel TFT 1000 and an n-channel TFT 1001 are
TFTs of the dri viherough rbaisbovantpsotist ptgane eoMIGd Avemitaeinieng [FFRTnaid02

and a current controlling TFT. 1Q03.are TFTs of the pixel portion. The TFTs
of the drﬁtwhﬁ%ﬁ?f}&ﬁl?wa-ndlﬂt%& crpbrdingpy | Or%%%fo%@eﬁfiﬁwegéﬁbb%_l@m%_ on
the sage mnRsipi@al9 6028 150 (hLinCRR&naE, snd IBNLRAL U NYs6eY L66 n&hsp?@cﬁld | ght
emitting elerfent, its driving circuit can be operated by a powe uppl y

havi ng a MIBItod§e nof) inltdokneSs.t o 6V, 10 V, at nost. Therefore degradation of

TFTs due to hot e|lgctron is not a serious problem Enbodinment 2 30 This
enbodi ment descr i%ﬁ%r Higoprsanic sompouad Jpygsris osmed theeiatitosder W0 A the lighight

o119 Pl el Lo, 18, 48 ST il
| ayer s ofcoadudivetfilmethbi ¢onsti@@s thechtREE: @fithé highahtingdemahd. ngHdvwdver, 3061 as
shown 1i5 n -FiI_.(.‘l:]' 31130@\! %rlr(ral f(;nnia?ig(yadfilm of aluminum and lithium) or a film obtained by
| co-evaporation of aluminum and an element belonging to Group 1 or 2 in the periodic table
may also be used.
Thus completed is a light emitting device having the structure shown in Fig.
6B. A portion 951 where the anode 944, the organic compound layer 949, and the
20 cathode 950 overlap corresponds to the light emitting element.
A p-channel TFT 1000 and an n-channel TFT 1001 are TFTs of the driving
circuit, and constitute a CMOS. A switching TFT 1002 and 2 current controlling TFT
1003 are TFTs of the pixel portion. The TFTs of the driving circuit and the TFTs of the
pixel portion can be formed on the same substrate.
25 In the case of a light emitting device using a light emitting element, its driving

circuit can be operated by a power supply having a voltage of about 5 to 6V, 10 V, at most.

Therefore degradation of TFTs due to hot electron is not a serious problem.

Embodiment 2
30 This embodiment describes another example of process of manufacturing a

light emitting device with reference to Figs. 19 to 22B.
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Subsequently, a process where the conductive filnms 907 and 908 are etched

5 using masks 909a to 909d to form conductive layers 3901 to 3904 having a
first taper shape is described in Fig. 20A. I1CP (inductively coupled

pl asma) etching is used for this etching. Though etching gas is not
limted, CF4, Ch; and O, are used to etch a Wfilm and a tantalumnitride
film The gas flowrate of CFa, C-, and O=is respectively set to 25 [/ 25
/ 10, and RF (13.B&IdWg) ti&OM@knﬁﬁo@Q@EWbbamgéanntﬁcostébsclﬂi e Bl GELrQde at a
pressure to of 1 Pa for the etching. RF (13.56 MHz) power of 7150 Wi's al so
gi ven t o fomaingupe fayews 0fs¢@éﬂ@t$\@nf)ln® 80 aged 969 anhéat subskalntbalily Megat i ve
sel f - bi assh\éol tage %n (g %Q' ied. Under these first etching conditions,
mainly the Wf YEREE Y0 have a gi ven shape. Thereafter, the et chi ng

gas is changed tOS A%L@HQV,@prC;CQ@S &%I’thQ ogﬁﬁ:tlfvE Pk derhﬁfbegrfe didpeiet 1o

30 / 30, and RF (13.5 power of 500 Wis given to a coiled el ectrode
15 at a pragsmaskso$09n lléa9(iStn1 gefiematedptidentyéor3dB0 ©exsonchrimghi rﬂgqt teper
(13.56 %{;V@ g{EZO Wis al sg g}lventothe substrate side (sanple
stage) sONERalS CiTdedin Fig AnedQP {nduciéyaly coypled wleq%rﬂ%)geéduagﬂweéﬁmthéd
Wth the Japidr erfusltl : n njtr , film
are etched atéjaboutu ﬂ?gm?%g a notth]%] 2 F%i’ Urr(gl]d czianrdeb e L(':"S’% WFXV ers

3901 to 3904 thetwiungniaridd filsd. t’Bt&egasSﬂmpﬁlte JiheF4 apetnd Oere&Epaaasexaaetaaqke of
45 to 75.,,20 In order to etch e films without |eaving any residue on the

second i H<al/a: Ard RFI(#-56 %Hz)aﬁ%ﬂ*ﬁfr?ﬁ 5@Pﬁ~¥ i$ gIvER & oegial @yctmgbut a pEEstwe20%
for ovgrogtc Legl th su atl il m906 that
are n\gts cg\}eﬂrsue Wh{?E{CBﬁlg fi rsql?’?%p@?ﬁl 3‘6’& §%% (Rflﬁv‘gq? aﬁl"éP ﬁ‘%} S¥H€3904

are et chegllegpamplbistigepisdpaniiidtand iy fedalive Belf-biad voRPR) canLFBALENt 1 Yder
second et chi ng treatnment is conducted as shown in Fig. 20B 25 without
r enovi ng these 1ﬁ%§l@§1f%@§dﬁ@n§0’9@iﬂh’lthe MWhé&lm dcuadap dhvng etverabapent, CFa, CL, .

and 02 are m xed the at i oy rat.e ther i s set
to 20 / 20 / 20, ﬁ‘%&% "%%“?’i%g g5 1 3“%@&&%?“%@(‘}“ j '8tig o b%ﬁgfﬁwé‘“&ou | ed
el ect r odeheadofds it €5 S0/ 80,0fnd RFPAL3( Mmﬁl?w&eofwo@m«—. oilRg téyb&ﬁédaél&n%uée
(sanmpl e stage) receives an RF (1356 power 20 Wto apply a

sel f - b a8t ypresageof bReto peremate Inhiﬁmlarfmt :HbSGKiDMQSHCEMghI R@ (13 SatviEn) povidnaér 30
t hese et ghi ndi ti on the WTfi iis the sec onductive filmis
et ched. \ﬂgls q??né%"%’r% Eft?nﬂi?é'tr?t\‘?esuflca l%@ﬁ’ge)c 3 3% ”%é‘\?f‘ Iyanegdiyhd
t aper Shé?dlﬁb §Hf|bft SarPbe BESIANS With Hiemgale der] Ald are
not covered b?n th ta%ﬁ asectz)ngiﬂt aper shapeIn conduzzt:fsljv‘zr¥ I gg’efrtﬂsel %%Eﬁxtlo §868 are
et ched afilin @hil nhedV ymare etch2d at eb&0 thsandd tare. rEBnsvionged he thesbsduciasks,

175 dopl 0 HEPR LS OB et Lo dope, b cem conductor | gyers,wi th

20 In order to etch the films without leaving any residue on the second insulating film, the

etching time is prolonged by about 10 to 20% for over-ciching. Surfaces of regions of the

gate insulating film 906 that are not covered with the first taper shape conductive lavers
3901 to 3904 are etched and thinned by about 20 to 50 nm (Fig. 20A).

Subsequently, second etching treatment is conducted as shown in Fig. 20B

25 without removing the masks 909a to 909d. In the second etching treatment, CF,, CLa.

and O; are mixed as etching gas, the ratio of gas flow rate thereof is set to 20 / 20 / 20, and

an RF (13.56 MHz) power of 500 W is given to a coiled electrode at a pressure of { Pa to

generate plasma.  The substrate side (sample stage) receives an RF (13.56 MHz) power of

20 W 1o apply a self-bias voltage lower than that in the first etching treatment, Under

30 these etching conditions, the W film that is the second conductive film is etched. Thus

formed are conductive layers 39035 to 3908 having a second taper shape. Surfaces of
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5 type inpurity elenent). The first doping treatnent uses ion doping for
injecting ions without mass separation. In the doping, the second taper
shape conductive layers 3905 to .-3908 are used as masks and phosphi ne
(PH3) gas diluted by hydrogen or phosphine gas diluted by rare gas is used
to formn type inmpurity regions 3909 to 3912 that contain an n type
inmpurity elenment in a first concentration in the sem conductor |ayers 902
to 905. té&cgrens of thymatd mpulriing fite G06MBat390 ot 00 B&R Witbrihe deddmdaugdr shhps

dopi ng, whic ontain n pe inmpurity elepent in first concentration,
contain pﬁ%‘%ﬁ’ﬁ%% Y13 328%691%%%3(%?%#36@ thinge bﬁbqubzﬁt‘%@(lﬁlﬁ at ons/ cnB
(Fig. 200 . Forne 8, fi ; hat.. cover
the sem conduct ogftﬁgﬁr??lgﬁéﬁiﬁémgg%%% :efg%gﬂg?j P%eﬁ%&égﬁtdgawggg%%ggﬁgé% 3914
t hat coveths sehacontiSctoedomrd withen istpapey elomenicthay givieavier n 3987 caniutidty (n

sem conduct or. | aver nd.covers a part of the sem conductor |aver 904.

04
Then, secbRi BEPFRG e@ﬂé"&f mert® ifEStcdming: irsatmenh upgselonsdnping fefojsigrging ions

treat ment ;b6 mEALoRduGT o Layer. . [ ggﬂ throu 2 second,taper
shape congﬁcti ve Ié;)}g‘? 3 066{11{[% ‘ﬁ%\‘,@qﬁﬁ S%C ypgg?rr?gﬁ% %dpgg‘ireolﬁl}?@%s}&% Tat
cont ai ns-A&aretuspe ak mpasks tiyd pheyphiie (PH.pgsedidned 69nsafigeatdr Phodptind ghy pe

impurity regions 3916 and 20 3918 that contain_an n type inpurity el ement
in a thir HEEHEERELe5 snussd dn formhe typetipparity sepians 8709 by iz Botian mad

t hrough this ; L I AL Al n type i npuri t el ement 1 n second
concentra g r}gl%ggﬁ? %ﬁe}r{:@%ﬁ g’ls %%@Fﬁ%&lﬁ:ﬁﬁg@g n%let(r?\'F rsgﬁl%oﬁl c%(f‘toi layensy ?qii Q %01' X

1019 atoonBlenBypeTiigpurityt ypfons BO0Y td Y9 126k AES thididh BRApHS WitdhBshidihnaugh
this doping, which contain an n type inpurity elenment in a third
concent r aYP® HORHEY clesnsnt #1 & fipth epsispiraiion, oontpin phosphecusnin matonesntrtion of 1 X0' 0

to 1 x 10246 at 2 .05 200 ~As described above, the n type inpurity
regi on tglz?aql gooﬁggf)ngaﬁ%rﬁﬁﬁ%t Iﬁ@' ‘iUr(T:BUri ty elenment in a second concentration

and the n type i my#iellyndx@0heNfirst NBhskS ORI B An@MBIN5t YRE cdnfibteid YofdefRNt in
a third concentration each are forned in one doping step in this

enmbodi nerfemi¢angacter lavetse9Mowpich90s trespectivglbend iawsededl inaslo39 Wbthst epeers thedope
the 3Q sem conductor |ayer.with- inpurity el enent. t, masks 3919 and
5690 110 EOVEL PR Shiee SBtiRtidov o007 Sy B atenaRtonter D HdSoreR dditias
shown i n dfife séhRoh@uEONEY&t odi rgheHOR i ng

di borane (B, ?48) ggs di | ut gd by h;glrcg’g%ﬁ&gdr Hﬁdﬁg}%ﬁﬁ??ﬁs E‘F&th}%%g by{nr glree gas
i s used tsecorfdodaping treativens ehd sonidomduotor [layee 1963 99 Aopaitlth®dteh the tsyquendi taparr i ty

regi ons 3921 and 3923 that _contain a p type inpurity element in a first
concentr & ?QFnCQi‘%HC‘bVet layer PH0artehpve 8finotyse 3gpyrity region 3917 that contains an n

type impurity element in a second concentration and n type impuritv regions 3916 and
20 3918 that contain an n tvpe impurity element in a third concentration cach. The n type

impurity region 3917 formed through this doping, which contains an n tvpe impurity

element in a second concentration, contain phosphorus in a concentration of 1 x 10'7 to 1 x

10" atoms/cm®. The n tvpe impurity regions 3916 and 3918 formed through this doping,

which contain an n type impurity element in a third concentration each. contain phosphorus
25 in a concentration of 1 x 107" to 1 x 10°! atoms/cm’ (Fig. 20D).

As described above, the n type impurity region that contains an n tvpe impurity
element in a second concentration and the n type impurity regions that contain an n tvpe
impurity element in a third concentration each are formed in one doping step in this
embodiment. However. the doping step may be divided into two steps to dope the

30 semiconductor layer with the impurity element.
Next, masks 3919 and 3920 for covering the semiconductor layers 903 and 904
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5 and 3924 that contain a p type inpurity elenent in a second
concentration. The p type inpurity regions 3921 and 3923, which contain a
p type inpurity elenment in a first concentration, contain boron in a
concentration of 2 x 1010 to 3 x 102" atons/cnB each. The p type inpurity
regi ons 3922 and 3924, which contain a p type inpurity elenent in a second
concentration, contain boron in a concentration of I x 1018 to | x 1020

at ons/ cn@ret rEgdras v Fise 31fpie |cp9dq%gh@¢1ﬁoamgztrw@e@924n theadopioat ai n a
p type i Y t ratlo ormed i.n regions
Phat " ove bk CELETER o Ll By 3RER0% BE AR SR B o B art S80KE " ac

shown i nfd?mgm %Bs;errﬁanUﬁ@br ndvérephamr 909 pul s i'nﬂg:rift'lf FBioR2921 and 997G ,f rom a
silicon nitride filmor a silicon ox-ynitride filmformed by plasma CVD to

have a tfTtkiAasE tyPEsmpprigElemgnt Inma@rrsi@anqegtrgﬁmedrabm iwpatifpnrityrregioned®21 o t he
|rrpur|tye t.are used to.dope sem cqgnduct | ay

tr oot rent SOZDNE ePRhinEe 5 ST iy 2Bl g setoh s Sation ebfeAton so
hydr ogenghgity h@%mmmmmt 9923 avigEs cba:ahlyqr;pgﬁzz rrﬁb@ﬁs%xﬁ&mn 5 Wt
silicon nitride filmor silicon oxynitride fil heat treatnment may be

achi evedccwematmn, eetthindeorom am atdeecenttztion of Rax 102’&0@ @sl(d' htomsine. eadhheat

Gas-or I THNE e FRRHCHE SN 02 o BP2E R A S0 Bck FER MPSTGAHPPER B
using a seEHﬂic[‘@&?eenﬁ'ﬁhéd"%Hh@H 155}011(1 uln NebRenTE] bPY ! P g4 & ﬁreﬁfohﬁ and

the gate insulating filmis formed prior to heat treatnment, or t eat

t r eat wentacht nbbpipaype irspisey régiores 320 uwoe 392ptims soteinni p rg@ampatinpsiphene, in
order to prevent oxidization of the conductive filmthat 25 fornms the gate
el ect r od8. @ AEEIh sPRGraIgHon re Lsrmed JRJGEI8 thatyeyeslapalic econd: sapeashepew t h

second %%&ﬁ&lﬁf&@ﬁt@a%b%é&m a YAG |l aser. As can be seen in the above,

there are severa to actrvate the inpurity el enents used to dope the

sem conduct or | a&esﬁowzahdFlgallB,psaﬁadt iftetRRr GtaRsiag ffileBRianfanedtifeh sSuits
him On the first interlayer insulating film 3925. ‘a second interl ayer
i nsul at i SHécom; rllmdea‘drragrz:ss igof ¥ yrblgide i faersd lirscplaﬁmg iGYI@ g haveta thigknesy m i s

for ndlnterla atin fllm b tterin S a
e ot Riohing of Btk B8l A Mauion Redemtas 0 e sribpgie” BeRep e P X
(her ei nafdperht h:,@ni‘wdntahttsr s, qRbi featmechRIs | b&fdubﬂaé Lthanloﬂg dsingmh fuFie. 210).
On the barrier insulati ng_‘gfl | m 3927, a transparent conducti ve filmis

fornmed tihs heatdreatment alondwdrogenaes the samigopducimdayess by bidiggeorelassed GAmanode

?iQﬁSOg(iFggé flﬁ% nF%&?ﬁ{ll%?lanF?@%&&ﬁ%ﬁ IIrl.ode in this enbodinent is an indium

The heat treatment may be achieved by other methods than the method that
20 uses a furnace. A heat treatmnent method by RTA may be used instead (including an RTA
method using gas or light as the heat source). If the heat treatment is carried out using a
furnace, an insulating film for covering the gate electrode and the gate insulating film is
formed prior to heat treatment, or the heat treatment atmosphere is set to a reduced
pressure nitrogen atmosphere, in order to prevent oxidization of the conductive film that
25 forms the gate electrode. Alternatively, the semiconductor lavers may be irradiated with
second harmonic (332 nm) light of a YAG laser. As can be seen in the above, there are
several ways to activate the impurity elements used to dope the semiconductor layers, and

an operator can choose from them one that suits him.
On the first interfaver insulating film 3925, a second interlaver insulating film
30 3926 is formed from acrylic. A silicon nitride film is formed on the second interlaver

insulating film 3926 by sputtering as a first insulating film 3927 for protecting the TFTs
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5 conductive filmobtained by m xing indiumoxide with 2 to 20% of zinc
oxide (ZnO). A resist mask having a given pattern is then fornmed to form
contact holes reaching respectively the inmpurity regions 3916, 3918, 3921,
and 3923 that are forned in the sem conductor |ayers to serve as source
regions or drain regions. The contact holes are fornmed by dry etching. 10

A nmetal cenductive film.is fornmed by, sputtering. or vacuum evaporation and
pat t er ned q8} FPULLisy ieret rf‘?elnﬁﬂLsall‘c’r?e‘?‘i‘hg‘ﬁﬁh@g‘ef@‘q?lﬁflﬁgm’?] & 14thds 3929

to 3935. Though gt BOMMRr ifdulalifs HAYMPISa thafiGalint | VeI B foltd
enmbodi nrent are for rréd fromra uIaam'gnat \éggo}?’%té?ﬁ%fdﬁngnb%ﬂitu#%eﬁw (rl:kkfr?grlggd (t:ﬁ‘ 50

nm and anhatd ovhickness ¢/AB0 T 120 hmyarkii ik rYchail tidn farm b uoddee®28qFi5QQANM THS
Next, a third interlayer, insulating filmz3936 is fornmed to cover the anode
3928 andTEPRRAE PlagrIdedrshisgmgodigiess smn IRGHM i exife Hit A digr ar Rt

rocee ) . i . j room f or
p ds E&d%cﬁ&eﬁ@tn} kg@gfn%?fﬁg%% %Ml%eo)?ée @Rg%qofz{)%’q&r&f mgégz#ragb

formng a TFT su rerndfter referred to as first cle om to a
processi ng room f Arrebior mank tavinigghigiveanpdtteimgs eleanfenhed hefeimabhwet Kaéerred
to as second clean.roon) in order to reduce the risk 20 of m xing the,

al kal i ne FPRERIPE FFSPRATHVSY WIEKBIPURY TesioRs 37abetq18l 395 uend égmhabarq\érme@w for
the catho . I 1tting.element in t.he actiyve ers. of, the
TS To decrmhnreh RpRoh S o ekl B i Btk TSP RuLd B

el ect r ost atifermtidsshay eehgdrage of the TFT substrate by static electricity
during the noving, a very thin film 3937 having an anti-electrostatic

ef f ect 10 her ei naf t&rmetef egndagtiveotibg i formrad; by brutteriog atviaeuum lemypdretidnoanted on
the third interlayer insylating.film3936. . 6 T anti-electro ic fiLm
3037 15 (AR T & Riter L TS C6h BETL 00 BYTORTEFS 2RA8HP ko6

l'i ke ot herhsughRlop siBi 0% e Wrivling? 49 wirkdSR_84n @is EALSUIRRnAkke formed from a
anti-electrostatic film the substrate nay be stored in a case capabl e of
pr event i ngmatate of odi bl ovith s dhadmgss ofddhmmeind wani ablgy Hibwi (Ad-Ti BEbwifiémg hathgi ng
processi ng. OOITB . é&e TFT substrate that has 30 finished the steps above
may be sUBicBESAIP8Y BFeration testing. The steps up through this point are

for prgcessing i 'NGAE, [HifdSihidfa9GSRS IS KRBT %%rrﬁébot@co‘é\’?ﬂ'eﬁ,@ AnSaSeun |

n
the 25 flow chart of Fig. 19. Various cases are conceiva in noving the
TFT substandt thefwinimgt liveesf3926t to PH3GC e d&iw)ghe amamufatirt epre@s poogerdic €5 8 sigp

room For exarrﬁl e, the TFT subs%{rate may be noved between different
bui | di ngs¥isietHe SEHEprianPe¥ed Gpmhat NOSFSSIEC IR d9r (RyRgsailiy substrate

{(hereinafter referred to as first clean room) to a processing room for forming a light

emitting element (hereinafter referred to as second clean room) in order to reduce the risk

20 of mixing the alkaline metal from the alkaline metal material, such as Al or Mg, used for
“the cathode of the light emitting element into the active layers of the TFTs.

To avoid contamination of the TFT substrate by dusts in the air and

electrostatic discharge damage of the TFT substrate by static electricity during the moving,

a very thin film 3937 having an anti-electrostatic effect (hereinafter referred to as

25 anti-electrostatic film) is formed on the third interlayer insulating film 3936. The

anti-electrostatic film 3937 is formed from a material that can be removed by water

washing or like other simple methods (Fig. 22A). Instead of forming an anti-electrostatic

film, the substrate mayv be stored in a case capable of preventing electrostatic discharge

damage during moving. Before changing processing rooms. the TFT substrate that has

30 finished the steps above may be subjected to operation testing. The steps up through this

point are for processing in the first processing room (clean room) which is shown in the
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5 roons, e.g., clean roons) located in different sites but owned by the
sane ‘i ncorporation, or between factories (processing roons, e.g., clean
roonms) owned by different incorporations. |In any case, noving is carried
out while taking a care not to damage the TFT substrate. Then, the
manuf act ure process proceeds to processing in the second processing room
(clean roo which is shown in a flow chart of Fig. 19. The TFT substrate
brought t{PY ARt ¢hidgsktond processing room (clean room is washed with
water to renove t i-electrostati,c f.ilm 3937 i.rd interlayer .
st ating 111 m 393rs By CO-Rufie i BuriRe 46Tt Treb i AL tgn s
openi ng atprécepsiag kb td HRtscedsoe@Singirbdint heoPd48lpId thIRET s8Mttatd Ay be
element), and is tapered to cover a portion where the wiring line 3934 is
i n cont actmoxgdihstwera difoat BokEngmen thy seovqiremise, @dyescwf fattodeaudesd828.
In this_.e . nent .. the 15 bank 39 is formed froma resist to have a

t hi ckneésq%?g%ﬁo%tdiaﬂn}i%omﬁé RER e ?%@ﬁéﬁé’iﬂ% BHEBEi RPTPRE YL Of
per f or med bagich Mol pIicEsTHDRIoHAL 8 0DTRUS momgljtgqmw%v%@&ag& pBIBESESHNT

room |In order to prevent degradation of the lrght enftting e

noi st ure lmany gpss, mevieasedirfiechonttvislchakikg 39838, not hedasuict AeeTH sidiaateank 3938
is covered with a.secopd 20_insulating film 3939 that is a silicon nitride
filmor the |ike. [7R% '8eFBRMUEACHEPRCFHPreGerss @oserccsung in tha seqondipaecessingn f or

protecti n%drﬁ?clk&rgllbbﬂg ﬁﬁl&ﬁ REhBLATR A AW ST Psiégi;ge and ’l?ﬁlismbs%n %rr]oucg%yse

|
degradation of the I emtting element. Acco ngl'y, Sacon
i nsul atd ngntd i then 86384 ipsocabsng cabihetianseoai)disbaashicgr withswhtat ith Gefiok e BO39.
Next, the TFT substrate is baked in a vacuum_ |n order to rel ease noisture
and 25 gAUIFlGHPTRIE Filim 3937ns dibldi Risrlpysrminpptine film nip36his dtehed, tot lesmvaicuum
exhaust i§ t ons . degree .of vacuum .for .exanpl.e 0,01 Ton
or less. T rgpgg%c' ngﬂlleraﬁaél k\%gu%mbﬁci%ng %eg §?\1§%;{%a Cgmcégres r“é'ﬁb@]en%'xflhg‘gjﬁt

ant'i - el ecemndhgtiemehi)| 4Ad i tapaadiabeol@afidiGon WEkE tRdMvirtdgNthe Riz@BM conbRK!
an organi c_conpound | ayer 3940 is fornmed by evaporation on the second 30

i nsul at i nYithjtheraneleg3Pgandi thpovenide sgesmiche angrisuiEs) aye thic ombediment the

cont ac 1 . anode, 3928. On.the organi.c co und. | ayer , 3940, a cat hode
Soar 115 TR s 0BG, B3R L1 B B Se R oo T MORB S PR HBle
for the cegdrmith Rbtidd)galyi @hperf@fctitdgat G BEETET shbkira0l BRUZKNRM (¥R b AR S
may be used instead. The organic conpound Ilayer 3940 is a | am nate t-hat

has, in aRIOFESHEIPOMa |ight enmitting layer, a hole injection laver, a hole
f ;sgff)o;t 1331‘9 f le?yefn’ ordlr ?ol Sr%%rgndctggaadgtslgrg) E)I’ ith%gliglh%%erinrit’tin%nelgrllgn%tc{u%ntoinq. igt%g'g on
and gas released from the bank 3938, the surface of the bank 3938 is covered with a second
20 insulating film 3939 that is a silicon nitride film or the like. The second insulating film
3939 is an insulating film for protecting the light emitting element from moisture and gas,
which cause degradation of the light emitting element. Accordingly, the second
insulating film 3939 is also called a second barrier insulating film 3939,
Next, the TFT substrate is baked in a vacuum. In order to release moisture and
25 gas from the resin insulating film for forming the bank, the vacuum exhaust is conducted at
a constant degree of vacuum, for example 0.01 Torr or less.  The baking in a vacuum may
be conducted after removing the anti-electrostatic film, or before forming light emitting
element.
Next, an organic compound layer 3940 is formed by evaporation on the second
30 insulating film 3939 such that the organic compound laver comes into contact with the

anode 3928. On the organic compound layer 3940, a cathode 3941 is formed by
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5 layer, etc. in conbination. The organic conmpound | ayer in this enbodi nent
is formed by follow ng the description of Enbodinent 1. Thus conpleted is
a light emtting device having the structure shown in Fig. 22B. A portion
3942 where the anode 3928, the organic conpound |ayer 3940, and the
cathode 3941 overlap corresponds to the light emtting el errent 10 As
descri bed by separ ati.n roc ing roomfor formn

subst r at eev(a ggra%,bn ﬁlrss?mg?%lgl%"wl ?@S elﬁf’%‘g% &n@er%l?ﬁ o?f flE?r Hehy a
|'i ght em ¢hitig elehmem® Bht dtﬁergmowfﬁ rﬁﬁ@x@zﬂg I{y%rhsétpf?l%ad anTicy Xrﬁc !C%E(Swglf a
TFT can be protected froman alkaline netal materi al such used
for a catlhpdel9 ina linghateehdthns.ng addicmend a lpht enginineXeed] chdle |qu.hton€lmdrtl ng
device is gblt ai ned. .15 Enbodi pnent 3 Fol | owi ng the description of Enbodi nent

1 or 2, Ol ANTRRE RS E‘Yfﬁ 8t 8@5“%tr“‘i‘SﬁP’Bl’i’éHaX%eﬂ“s@ci%foﬁflmle%‘llc?ﬂ lyert mbueicond
interl %yei'é drnek] @tdoRBbifddam (§ oprgagggc%apdgﬂ%ﬁ%@} fNGe: eml;qlﬁrﬂent :Q% ad of
6 0 0

formngthe’flrst I nsul at1 ng ment 1 rrent 20
is perforﬁmﬁdwmgthhdess:ﬂpamloflﬁﬁbﬂimr linsulating filmto nodi fy the surface
of the second interlayer insulating film (935 or 3926). This method w ||
be described wit hirgrmleled iva lighyemitting evise daviae it siFycayershpws i digng

film (935081 39 l%@)t d§§42\/\%ﬁ?r ltﬁlcs gabdterﬁ)@%nﬁxc Or; énrllc Férﬁé%,irngglnﬁer%%@ ﬁ?‘f ic?m)r ¢

ki nds of ‘gas se group "consisti gen,

hydr ocar bathodbdbopevatapctos@sids td e i mﬁgﬁ@nﬁﬁweﬂ&u and rare gas (such as
Ar. He, or Ne), so that a coat is ne formed on the surface of the second

i nter'yer insul a%ﬁ ﬁQSCﬂtbﬁﬂ mbGQQSbbﬁemﬁf&)g @r propessagi Blonh@mf lfmetln@maﬂ"F”g‘Tr oup

on the s d t f.ferent functi on r . surface
modi 1 cat VB (S aRI0RT bl 9B & BressiPe P on rdul: a gt tiies
thus achictanesht (8., sheuBnd Ridkh Goorf), d& &LREQafer loNOBFB chg bfeoar%éteerfr&ﬂ%n
surface 30 of the second interlayer insulating film (935 or 3926). This

filmis @ialing metal graseriglispeh a%B@MlguSm forspmtiode oAt light erfitiéng q:lbmmnrcmdent S
rel ease of gaeal leéiﬁ'St CIromt e anlc 27 resin film In this

embodi medl F*&H R e(rfl b ot ﬁm‘é ‘ter the surface nodification.

t her eQy avoi di ng a situation in which materials having different thermal
expansion coefficients receive heat treatnment while being in di rect

cont act kntbodgaedt 3ot her .

Following the description of Embodiment 1 or 2, the manufacture process up
through the step of forming the second interlayer insulating film (933 or 3926) is finished.
Then, instead of forming the first insulating film 936 of Embodiment 1, plasma treatment

20 is performed on the second interlayer insulating film to modifv the surface of the second
interlayer insulating film (935 or 3926). This method will be described with reference to
Fig. 7.
The second interlayer insulating film (935 or 3926) receives plasma treatment
in, for example, one or more kinds of gas selected from the group consisting of hydrogen.
25 nitrogen, hydrocarbon, halogenated carbon, hydrogen fluoride, and rare gas (such as Ar,
He, or Ne), so that a coat is newly formed on the surface of the second interlaver insulating
film (935 or 3926) or the existing functional group on the surface is changed to a different
functional group. The surface modification of the second interlaver insulating film (933
or 3926) is thus achieved. As shown in Fig. 7, 2 dense film 935B is tormed on the surtace
30 of the second interlayer insulating film (935 or 3926). This film is called a cured film

935B in this specification. The film prevents release of gas or moisture from the organic
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5 Therefore, cracking in the 1TO electrode is prevented and degradati on of
the light emtting elenent can be prevented. The plasma treatnent for the
second interlayer insulating film (935 or 3926) nay be given before or
after form ng contact holes. The cured film935B is forned by performng

pl asma treatment on the surface of the second interlayer insulating film
(935 or 3926) that is forned of an organic to insulating naterial in one
or nore kisidflmof gas sel ected fromthe group consisting of hydrogen,

ni trogen, hydrocarban, hal ogenated carbon,. hydrogen fluoride, and rare gas
(such as Ar. He, Ip¢hingmbogigiegh ginrgroge (kG is domwepds4fiemtessisiace frediigativRe of

t he gas 1 0ut  of. I ogepn,.:ai tr , AL 0GR, , . _

car bon, H%gggggﬁéyﬁ%bfi%%gxgéﬁg QQF@ ggggﬁghgﬁxgé(%r?gﬁgfm%?hﬁgﬁegﬁigk
Enbodi nmepsefficiefis| eweiie héie gessehptilor etinEniodiileenicodiaer wiih tehéh other.
manuf act ure process up through the step of form ng the second interlayer

i nsul at | Ageretdren qradangin B FEY clostrpiigisqhesentedrnd flegmdatidrogirthe gt guittmg o DLC
film936R as the first insulati film936 is.faorned .o 20 .t he secgnd

|t o | ay GEPRRLTLA R Vot (B tmaa Rt Aof e Db e bW BERE |
i s havi n@33 J7398H) SREEE G Bistd bl RAmlikpdontdtRBoldf) asymetric peak around
1550 cm -1 and a shoul der around 1300 cm 1. When neasured by a

m cr ohar dness t edhercyred HidmA3EBfis fonmedHiyoparformingsplasmes weamenson he28rigm .

The DLC filmis al.so characteri.zed.by j1s e |l ent resistance to .

cheni cal %t% tl’l\‘?oﬁ%‘iﬂ’\?grl,meigy?rhgls a&“ﬁiqﬂfﬁl € B’éxfggpirégma‘tg "PEMSer #t ffE™ange
bet wegn fngﬁamiﬁ%rmgéﬁatmheo@n@r HIACkindeGENPise1Rtedt REmMBENGHuS RehsiGay be used
to formthe DLC fil minclude sputtering,” ECR plasma CVD, high freduency

pl asma Qviidrogend nivogdne dydmeagbonahalogenaftdecarbom kinaslsogeaf fluddte, Pod fid gui s set
to 5 to 50 nm 30 Enbodjnent, 5 This enbodi i d i bes. a case, of

enpl oyi n§uch ﬁér‘gﬁﬂ Al &t NAY 49 ‘Wfé{’nﬂ’g ‘Eﬂfgg;}llpnﬁ@ FBPRINE O BE this &M%t i ng
film 936 L Gl hidioklBd, ta1ddehand 935 filrewi ng
t he desG?ng?gﬁmg??%2@85?&2&%&¥ﬁbpy§?H%ﬁ%Lggnékacture B%gggégkﬂp ghrbugh

t he st emmifrafeogasi(nghtdeesrsHegndNd)nt er|l ayer insulating film (935 or 3926) is

finished. 5 Then, as the first insulating film936, a silicon nitride film
936 i¥ formed by sputtering using silicon as a target. The filmformation

~condi ti O@rﬁbS@i%eﬁ‘hset suitably, but it is

Following the description of Embodimcnf 1 or 2, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 3926} is finished.
Then, as shown in Fig 12, a DLC film 936B as the first insulating film 936 is formed on

20 the second interlayer insulating film (935 or 3926).

A characteristic of the DLC film is having a Raman spectrum distribution that
has an asymmetric peak around 1550 cm™ and a shoulder around 1300 cm’'. When
measured by a microhardness tester, the DLC film exhibits a hardness of 15 to 25 GPa.
The DLC film is also characterized by its excellent resistance to chemicals. Moreover,

25 the DLC film can be formed at a temperature range between room temperature and 100°C.
Examples of the method that can be used to form the DLC film include sputtering, ECR
plasma CVD, high frequency plasma CVD, and ion beam evaporation. The thickness of

the DLC film is set to 5 to 30 nm.

30 Embodiment 5

This embodiment describes a case of employing other insulating films than a

"
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particularly preferable to use nitrogen (N,) or mxture of nitrogen and
argon as sputtering gas and apply a high frequency power for sputtering.
The substrate tenperature is set to roomtenperature and it is not always
necessary to use heating neans. If an organic to insulating filmis used as
the interlayer insulating film it is preferred to formthe silicon

nitride filmwthout heating the substrate. In order to renove the adsorbed
or occl uld filita fumeasier [insuipsing dROGEIRRN g seeaadtingruyqrdngmasmg p (¢35,
conductes 2@ heating the substrate in vacuumat 50 to 100C for severa

m nut es éveral hours. To give an exanple of the filmformation

conditions, a 1 ¥giiAviReSfe d&ctibGoN of BnlRHintRathra, tthe BRNGACILSe YEREss up
nitrogen 15 gas alone i's supplied, a high frequency power (13.56 MHz) of

800 Wi stfgom@nthatste@ of f@aming airechectns Bitaryof insHatingafilge{9350rs¥26) & firBshed. nm i n

di aneter,. The f for t|on obt lned se.conditions i.s 2 to
4 nni nThqfheaStth‘Elgrﬂb‘P Howg f;fﬂp .9§8=na SHPp d]émﬁF%ﬁF‘c%ﬁ} 5i WémF‘?rﬁérﬁpPﬁ}e‘é?tenent s
such as ,gx %Qﬁﬂ:oﬁnag JI')(Q &ge’Thla Filgh FHHa604 rc%BéhﬂanOEanl b@tsgf“s&lté’él@rbdt%% and
has 80% or hi gher ansm ssivity 1n the visible light range. The

t r anspar pm@yulefly tphafsrabiel tmuss nprogee Nt )oorbmixinirg lef egpeeh ant wrdon 4shepufteritg t hat
the filmhas a transm ssivité of 80% or above %t a wavel ength of 400 nm

Fur t her nB3SeAn% 3APY Abtaiodeq S CapBHeOb PSRNG4 SHATERCAFTRYTARIE otst T
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can be use I nsu at| ng m 259 equent steps are
i dent ioc ainswliatihg fifvesSe uked mbedhwdaver|inodatiig Hd ddisngnfer@d Thifsrne nisosilioent
descri bes a case of e{JTBI0|n other insulating films than a DLC filmto

;olr m as Riffeds il witheat heatingghe sybgiratss  dp ofdss t%é%?n‘ff’ ihetadrprigd or joRelufiett | ng
0l |
Hm 30 g %re V\;e?lzg):}a/d gfggwgﬁaéﬂg?ﬁfg%g{%%Bh?& QLctgﬂTJBQ%' Wth% gﬁstl?a’te the

manuf act Ure process orm ng

i nt er | aygrvacistlaaso Etgl(i(]"U‘ﬂo( 9&5%1’@13&3530 deSerti mlﬁhedro oﬂ?haﬂ ,ex@(ﬂpl‘éslofmyf-: film
is formed using an alumnumnitride (AIN) target under an atnosphere

obt ai nedilsy forimeting canryann@asl @rtiChiq: sdigen tagael doppd WABCse el aigfessor t he

concent ratiqn of e r i i Al XNy
filmbs §8 ag()qeh'ﬁngugglﬂ)edr hi%‘ QF%%&EY ‘?Ow‘lp’ﬁgﬁ:jiéyge ZEicdofnaﬁc@%)a ‘gerll] J’(}adng(g"11

cont rol | g day seelot flel thGeSRYEL BN mAECAWdhAeS ([hb ilsubshdiRinGrateadianat ur e,
the type of raw material gas used.. the flowrate thereof, the film

f or mat i omder esucmiditins 16)2ap$ntm¢imrat ely. Alternatively, the film may be

The thus obtained silicon nitride film contains impurity elements such as

oxygen and hydrogen in a concentration of 1 atomic % or less, and has 80% or higher

20 transmissivity in the visible light range. The transparency of this film is proved to be

high especially by the fact that the film has a transmissivity of 80% or above at a

wavelength of 400 nm. Furthermore, this method is capable of forming a dense film
without seriously damaging the surface.

As described above, a silicon nitride film can be used for the insulating film

25 936. The subsequent steps are identical with those in Embodiment 1 or 2.

Embodiment 6
This embodiment describes a case of employing other insulating films than a
DLC film to form as the first insulating film 936 on the second interlaver insulating film
30 (935, 3926).

Following the description of Embodiment 1 or 2, the manufacture process up
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formed using an al um num (Al) target under an at nosphere contai ning
nitrogen gas. The filmnmay be fornmed by evaporation or other known
techni ques instead of sputtering. to Gther than the AIxNy film it is
possible to use a AINXOy filmthat is formed wusing an alum numnitride
(AI'N) target under an atnosphere obtained by m xi ng argon gas, nitrogen
gas, and oxygen gas. The acceptable range for concentration of nitrogen
cont ai nedhiqughike gemeOipriirgrihie seepnddpedeysvilesudatiog fHpr@35 gF P& anfipisheds t o
47.5 atom.c % nitrogen concentration can be.cqnt ed | L usting
aputtor | niegorh (ae (haS MoRGan P o rnBPay HEe, (N Al A Eh
materi al gasspieedobthingd bl ovixindt@edhesseal nittdpen fohd. M THeOIABILLINA rige ISMULE,
etc.) appropriately. Alternati veTy, the filmmy be forned using an

al um numqEAkyntragioy of impeeticsanx ygenpigpretiailasopnntdinddnig th AldYehilmasleanthanxygen

gas. The . fi may. be farmed by evaporation qr ot he oV .tecahni es

Pnat ead ot b Bleliend: | TE caee RRRRgA PR didRrRles B i P B R ghi y
l'i ght -t r a8 RISk \(the s%@s&zh@%rﬂﬁerﬁtu&é,ﬁﬂ@ RS bl kdw PfierBl d4® Rdd Indofidw the
visible |1 ght range) and do not block light emtted fromthe |ight

em tti ng te¢renkribe fiks fdesardnbpdssure, tde) appuprjiatey A1ANgTnRiivaly,ahe Alia@yy bl m

can be used for the |1!nsul at i rﬁ%fi | m 936. The Iiubseqruent steps are .
i dent i calWPEhUTHHERAUHIBHE SO arget 4ndes 8n pRSANTHE TP PigREHYBthe The
descripti o oy d .y ough the
step of ffgﬁlmﬁ%% t he §g§’gtﬁ&’g‘?"2§%‘ﬁ %é%%rﬁgﬁpg%?ﬁ%ﬁ??ﬁiﬁ%gggﬁgeé 6) is
finished. Then, hesthamvnhd AlLFGLilM, 3t ig passibler hace acAlNN(R, Sbodnd is firmellayer
insulating filmis nodified by plasm treatnent to forma cured film 935B
on the sURME AlpminE PRTdR GNB TS 300FREOBNEr D IFGBY fiFREGIE9B 255,
Sputteri - 1 gh fre :ﬁ ey, [.an _beam.
evapor at F%F\Oé g{% Eg’ g%ﬁqagg/#gegésgo ?%’r %18(’(%%@655 %I IR %@Eedttgtogvgmgum%n
t hi cknessoffaitedtid tfROAINRO, B eri fenhtofhid Bieolande, piRfefar 23938)7.3 sofnds fed i n
accordance w th the manufacture process 5 in Enbodinent 1 or 2. -Then,
pl asma t rldgt RIPECR LOPLINGEAR FaBNbY Ienseliqdabl agiusting SpHHKIIng gardigpns3¢l8s) t o
nodi fy_th urface of the bank (947 or, 3938). Thi e Wl e i bed
W th Har au Rifheyuteg SRS o HiF Rpit s pelitdbe ABR itk her B JEFER  or
the bank fo@datiod pré@afd) etc. M asieshriadlkYy , AltBRaGvIANhE fill@Shhy bBFUinaéd Bgng ahm i s
easy to rel ease noisture or gas due to heat

aluminum (Al) target under an atmosphere containing nitrogen gas and oxygen gas. The

film may be formed by evaporation or other known techniques instead of sputtering.
The above AlxNy film and AINxOy film are both highlv light-transmissive
20 (having a transmissivity of 80 t0 91.3 % in the visible light range) and do not block light
emitted from the light emitting element.
As described in the above, a AlxNy film or AINxOy film can be used for the

insulating film 936. The subsequent steps are identical with those in Embodiment 1.

25  Embodiment 7
Following the description of Embodiment 1 or 2, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 3926) is finished.
Then, as shown in Fig. 13, the surface of the second interlayer insulating film is modified
by plasma treatment to form a cured film 935B on the surfﬁce. A DLC film 936B is
30 formed on the cured film 935B. Sputtering, ECR plasma CVD. high frequency plasma

CVD, ion beam evaporation, etc. can be used to form the DLC film 936B to have
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to generated while the light emtting device is in operation. Accordingly,
after the heat treatnent, plasma treatnent is conducted for surface

nodi fication of the bank as shown in Fig. 8 The plasma treatnent is
carried out in one or nore kinds of gas selected fromthe group consisting
of hydrogen, nitrogen, hal ogenated carbon, hydrogen fluoride, and rare
gas. is As aresult, the surface of the bank becones dense to forma cured
fil mthat thicloest @i e dhenor nore kinds of gas el ements selected fromthe
group consi sting of hydrogen, nitrogen, hal ogenated carbon, hydrogen
fluoride, and rare gas. The cured filmcan prevent rel ease of noisture and
gas (oxyggﬁ% ol khe i nside, thereby preventing degradation of the |ight
emtting elenent. 20 This enbodi nent may be conbined with any of

Enbodi ments 1 t hr Thgbank (94ErdadBsEsforthddah laovdrogck hetides anidnpticane efocess
Enbodi ment 1, the manufacture process up through the step of faormng the
second fl ntneEmQ%lmqnhémra&l @efn plmm%sﬂam%zmﬁ%ﬂ PRitBhagfaco mf thg Bank gA)

nsul at o7 Pireooscn g o St of ShEHHRRIUOH s " RERT o Ryl e, o

film sil ga&enbed Mthqjgereﬁtémﬁgjmm numnitride film or alum num ni tr| de
oxide filmdescribed in Enbodinent 2 or 3. On the first insulating film

936, an I TO film i\s grgamedesindnpaeting Agd irsmsedaOdf@smr@g baghaf¥é7t@ $Hh an

anode 1937, si st _mask. havi.n ven rn is orm
cont act hg'f"é “a@é’a Oﬁ%a“t‘%“}“rfﬁﬂ#?‘ﬁ&ﬂa‘iﬂgbisoe% rﬁea%ﬁ ‘E“”f L‘Fﬁﬁagﬁg‘%ﬁgbe‘“
sem copdugdn@fatd PYRISHei g,ﬁ?éxﬁﬁnﬁédev@ée B oH6&RatidQl Ons or drain regions. The
contact holes are forne drv etching or the like. This is done in
accordance w t h EAboddimglyt aﬂer tie et akatownd pbsimagrefinhant nﬂscohdummyurfdce

Sputtering Qr. vacuu oration and hed to formwrin nes 1938 to
1944. S HPSHICFAOTERBEPRUNES Showpra Fig: B nghFPH’é’é’a t@affy-@é“tfd%ﬁ" (3 8% Or ned

froma | sl L fife OF npSoB, Ao AR, hab dglm
(A -Ti Iarﬁb&a{%ﬁ?é)gf%l el%!téﬂ%nﬁe{g H%)‘%y %ﬁnrﬁgl n§t ﬁg caseo‘Wnere ’% edt anode
1937 is. fmmdhpﬁbgemﬂﬁ@ﬁmagﬂtﬁegasiri ng lines 1938 to 1944 as in this
enbodi nent (Fig. 18B), a problem such as breaking of wire is not _caused

even wien the ano‘ﬁ‘éalfﬁsqlbrﬂ#’e&“fatcérﬂf dhsrBank, pegomss dﬁﬁr‘i’fr tockovaragEch &l 8dt-t he
to br Okerl:o\f’('td’lﬁén'&lcl 6rqgor%%4§ds'o? gﬁé El‘éﬂfeﬁg sQl@ct%H?roﬁpﬁlqegr&l%g&nmstmg of hvdrogen,

nitrogen, halogenated carbon, hydrogen fluoride, and rare gas. The cured film can
prevent release of moisture and gas (oxygen) from the inside, thereby preventing
degradation of the light emitting element.

20 This embodiment may be combined with any of Embodiments 1 through 7.

Embodiment 9
Following the description of Embodiment 1, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 3926) is finished
25 (Fig. 18A). Then, a first insulating film 936 is formed on the second interlayer insulating
film (935 or 3926). The first insulating film 936 may be the DLC film, silicon nitride
film, aluminum nitride film, or aluminum nitride oxide film described in Embodiment 2 or
3. On the first insulating film 936, an ITO film is formed and patterned into a desired
shape to form an anode 1937.
30 A resist mask having a given pattern is then formed to form contact holes

reaching the impurity regions that are formed in the semiconductor lfavers to serve as

-
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After the wiring lines are forned, a bank, an organic conpound | aver, and a
cat hode are fornmed in accordance with Enbodi nent 1. This enbodi nent may be
conbined with Enbodiments | through 7. is Enbodi nent 10 This enbodi nment
describes a nethod in which a sem conductor filmto serve as an active
layer of a TFT is crystallized using a catalytic elenent and then the
concentration of the catalytic elenment in the obtained crystalline
seni condUOLERE FEIOH$ B draiw treeahs. IﬁhFﬂgHMZhAbsaﬂsﬁbsmdawgkikﬁmumSnphehE£abIy
formed fr m al um no borosilicate glass, or
C}]ﬂﬂl %ODLCII QQCOI'OafnC(t‘: H/é §:—‘d'B [g?rgsl . . . . .

quartz. e surface 1100, an inorganic insulating fi I m

with a thickness Qfmdi@ E6hd0 e S f&ﬁq@?%vaﬁg‘uﬂer@x‘ﬂﬁgr k{?a}&'n%v@gmuoh dmdll

An exanple of a suitable base insulating filmis a silicon oxvnitri
formed byetgledsiefo@uDyirgf linest 1958 tociSid4ox Bimilari tdeEmbbdarieat fl prhwediring hae a
nmfrom i H4, NH,, and N20, and a second silicon

t hi ck
Crvetrer a9%it d0eR T FHB it oL Iminstaal 18 S| Uitk S5 COess OB Hrh ashes Hd
and N20 taﬁo?%ﬁﬁ'(%lt’[hﬁué’yﬁﬁﬁn% ‘Eﬁ{”Ll%bmsg‘? 'El;le base insulating film 1101

is provided to prevent an & I ne net t4ined in the gl ass substrate

from di f fusi ng i Ataht kesesehdre ahe ugddar 14371 1mfhﬁné)Ebéfafenﬁﬁmluﬁb ftﬁ&w#ﬂ?@inc’sayer,
and ther %%Qi%n@/ be omtted if a quartz substrate is used. A silicon

nitride f s G skimete Figad 8B). risipbicimygichias ireekomz, of Thige & notso
silicon Riididgehi H%nl}l%zax'm?epi q?ﬂn*geecpf&)% erﬁ%tg gl 5 g?gclrg{;og}fl ?/ Ctﬁzﬁaltsﬁ

(typically, nickel 'n"a’s

sem condbedien Wikinglihe 03 isistgabd oh thel HOADASTS, 52 insulating film 1101, and
to avoid the adverse effect of oxygen contained in the base insulating
film1101. Note #Hr thhavigng fipemangiformetl af banky a1 0Pedni ¢@npendbyyer asha CVD

to haveCﬁPﬁ@é %k?&%?ed% a#ﬁrﬁaenc]c. "%hEArgbﬁD@fgh us sem conductor film 1103 is

formed on e sircon ni sem conductor material mainly

contai ni ng si | i cahid embtupdediAhayt BEcRBHRNOHS EnbBEInsQRAV B BEr .| M 1103. The
anor phous 'sem conductor filmis~typically an anorphous sil | con filmor an

armr phous silicon germaniumfilmfornmed by plasma CVD, reduced pressure
? Eﬁ)l%therlngto have a thickness of 10 to 100 rim In order to obtain
satl S ory g the concentration of inpurities such as oxygen and

tmo trogen cont gg?’gﬁ&;ﬁd&%%g@@%@@@ﬁ&%ﬁh WHAHEMichhduBot AR b SelvEduced
an active layer of a TFT is crystallized using a catalytic element and then the concentration
of the catalytic element in the obtained crystalline semiconductor film is reduced.
In Fig. 17A, a substrate 1100 is preferably formed from barium borosilicate
20 glass, alumino borosilicate glass, or quartz. On the surface of the substrate 1100, an
inorganic insulating film with a thickness of 10 to 200 nm is formed as a base insulating
film 1101. An example of a suitable base insulating film is a silicon oxynitride film
formed by plasma CVD. A first silicon oxynitride film is formed to have a thickness of
50 nm from SiHs, NHs, and N-O, and a second silicon oxynitride film is formed next to
25 have a thickness of 100 nm from SiH. and N>O to obtain the base insulating film. The
base insulating film 1101 is provided to prevent an alkaline metal contained in the glass
substrate from diffusing into the semiconductor film to be formed in the upper layer, and
therefore may be omitted if a quartz substrate is used.
A silicon nitride film 1102 is formed on the base insulating film 1101. The
30 silicon nitride film 1102 is provided to prevent the catalytic clement (typically, nickel) to

be used later in a step of crystallizing the semiconductor film from clinging to the base
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These inpurities can hinder crystallization of the anorphous sem conductor
filmand, after <crystallization, increase the density of trap center and
reconbi nati on center. For that reason, it is desirable to use a highly
pure material gas and a ultra high vacuum CVD apparatus equi pped with a
mrror finish reaction chanber (processed by field polishing) 15 and with
an oil-free vacuum exhaust system The base insulating film 1101, the.
silicon Histlatigg fflim AAliomd taryotth éeaspepttoeibeas i opelucomningd |imthd dasar e

conti nuous| or ned i t hgut exposi.ng the.subst e tot air. T urface
of "t he. andiepiebE T s Rl SRS AL Bt Wit Wb i S CRT g "o
cat al yti chiwthickaedshat; @eGherates crystallization (Fig. 17B). Exanpl es of
the 20 netal elenent having a catalytic function that accel erates
crystallization ofAnamwphosnduetoadudtot film ldOBide farmed dnRé} siliviooketride Né)n
cobalt ( rut henium (Ru), rhodium (Rh), palladium (Pd), osm um (Gs),

i ridi um (Cﬁ()%- p”l‘a?FWﬁ?ﬁiiéCrﬁ?% Waae&abg}aﬂzlwﬁz%gg goican (auyed Temeormapheuski nds
of netal c f : |1 GA, Lckel
'S chosen ot URCLES, | TRELhRBRs KB A% BT dmore by C
by wei ghtsiBboi $ilrappl dreambiphaus piliooe gedomrfan il ainali w8t plaani ViDngdueater
1104. To nake sure the solution is aEpI i ed snoot hl é surface treatnent is
per f or medPERUHE YhoPl FRINSTEE 19 daYe fijthigkngspoaf, 10 190 My c dnt ¢régt ipabtan

per f or _ "5 1 i i ipknatEon
ol ut on, “BrER CORES e et of mBFLAR osRARRE SO BLI ol S

hydr ogen ipethexdngtephsiise@usicamuttol Gimt DOBOK Mfedutiaars surfaeemsana’ agaiwer.
formng a 30 very thin oxide filmfromthe ozone-containing solution. Since
a sur f acellise ampawtigscan dinden erveinllpdQrc of ke agosphous semicpndnciar filihende nftery

nydr OPOBY Ger il Ao BORE et PR SObULRE S0 DS ARRLLS e o

form ng an- oxi remint

cat al yst -e@@naitNisngestra®le o bkO4 AighlfQurt ickt G4l dalemBtLultruOhigh QLSRN @UD
sputtering, evaporation, plasnma treatnment, or the Iike may he used instead.
Wi | e keegppattushequipnsdpiiciue mirtor domshf feaptian osamber  processed Wiy tfield ipolishing)
catal yst-cantaining later 1104, heat trea t for crystalljzation.is
carri o8 e ik Ahats S el fipe et dedpss Gpfitactm BT R e ra
anneal i NGhitrFEAIV 10T Adhat a8RFpHAIRemicAndR:& fikR!1l 0 alcd8ThtinBodd P OB mitide

| anp, a carbon arc |lanp, a high pressure sodiumlanp, a high pressure

mer cury |veitiout exposingsthe sghistrgedo thgrait he heat treatment. If RTA is chosen, a

amp g Seurecnfor BSR) 09 4kl (g A0SR o b e BhELERERLY
The having a catalytic function that accelerates crystallization (Fig. 17B). Examples of the
20 metal element having a catalytic function that accelerates crystallization of a
semiconductor film include iron (Fe), nickel (Ne), cobalt (Co), ruthenium (Ru), rhodium
(Rh), palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt), copper (Cu), and gold (Au).
One or more kinds of metal elements selected from the above can be used. Typically,
nickel is chosen and a nicke! acetate solution containing 1 to 100 ppm of nickel by weight
25 is applied by a spinner to form a catalyst-containing layer 1104. To make sure the
solution is applied smoothly, surface treatment is performed on the amorphous silicon film
1103. The surface treatment includes forming a very thin oxide film from an
ozomne-containing aqueous solution, etching the oxide film with a4 mixture of fluoric acid
and a hydrogen peroxide aqueous solution to form a clean surface. and again forming a
30 very thin oxide film from the ozone-containing solution. Since a surface of a

semiconductor film such as a silicon film is inherently hyvdrophobic, the nickel acetate



intensity of light emtted fromthe lanp |light source can be set
arbitrarily, as long as the sem conductor filmis heated to reach 600 to
1000C, preferably 650 to 750C. in an instant. \Wen the tenperature thereof
reaches this high, the sem conductor filmalone is instantaneously heated
but the substrate 1100 is not deformed in itself. The anorphous 15

sem conductor filmis thus crystallized to obtain a crystalline silicon

fil m 1105sodutewncanrbe applied evE@y b@fystiaklan patdediimby tisiselyt reat nent i s achi eved

only when the catal yst-c inin | ayer is provjided, |f furnace, annealing
i s chosen inst ea(L)[?le Wgélﬂocf‘%tefgf‘ﬂ’é'ﬁt%eafatéﬁﬁéop?gﬂ%!i’L-YErt el 1p pot Lipitehikereid

rel ease j ' il .. 1.m., i.orsto the
neat 20 By oap PR el Bl O n TR QA meh, BERE 1kt PR WeblikOha P

treatnment in an eWader keeping nAceamorpaow tsilbgen fdnhndsPheire @htabb0vitlp HE0C,

preferably at 580C, for four hours to crystallize the anorphous silicon
film 1foFataysb-centpining Jatsrel lOH head irepiment fansryshbigation is Fged pre jRuracgs
formed. It . LS:ef tiV I i afe. . - | ] iJicon fi 105 with
| aser 11 gt bR el KRS, & fol el BALIMECPLLFY HoB g of

crystal cofpebailide la@p! HRedint dre Ganv®) | dudiebonOdrc thigp fd high paddure@paiuin Befpeat s
remai ni n%één crystal grains. The thus obtained crystalline silicon film
1105 has haglt pieasuse mgreaat dmp: pie. is smphasied frihe hedt trei@red). in a concentration

hi gher than 1 x atons/cm in averade. The  =.rengining ¢ | yti
el ement can affeé?ﬁél’fsc(f@rs%naaefra fné’tlz{ t, ant t}t(])ﬁg?ae”fnﬁ'rgelfthtlé’rgotr?gée(ﬁf’%égijlg%n 30

of t hao C@kerkpblC3®icesRRcohds, WRRhSerdpeBduasd Q0 tihdspriaasatil @ 206 6ltREksC edhe How
to reduce the concentration of the catalytic elenent in the sem conductor
fi | m subdrtgusityt oft light reanittah fromy e damp dight senres egn bs selexsbitiabhel as Kingsas, tha t hin

layer 1106 is formed on the surfac th talline silican f£ilm 1105

e shown SrRIRPdRE s s Wefied 6 135 Phots GRS ety 2brST06Cs & #d o
the crysisadtl NWith!the Ripedi &l thdBSr leicled thig Hidh, BRY dehBEodRYRE fikchQfoneli@r the
| ayer is provided to 5 prevent the crystalline silicon film 1105 from bei ng

et ched wirstardargeuslprhicargd dut el mibstraed V@@ id agtedeforiiied inhitsekne $he amotpious
O LBy Eondd08, 25t S o S A5 1SS
S20ne S°ES 7%, CHSBPLIRYchoutnl rablloy e CAUAUS MY
aci d, hythyectslpmovidedaci d, or nitric acid.

If furnace annealing is chosen instead, heat treatment at 300°C is conducted for
an hour to release hydrogen contained in the amorphous silicon film 1103 prior to the heat

20 treatment for crystallization. Then, the substrate receives heat treatment in an electric
furnace in a nitrogen atmosphere at 550 to 600°C, preferably at 380°C, for four hours to
crystallize the amorphous silicon film 1103. The crystalline silicon film 1105 shown in
Fig. 17C is thus formed. _

It is effective to irradiate the crystalline silicon film 1103 with laser light in

25 order to raise the crystallization ratio (the ratio of crystal components to the entire volume
of the film) and repair defects remaining in crystal grains.

The thus obtained crystalline silicon film 1105 has a remaining catalytic
element (nickel, here) in a concentration higher than 1 x 10" atoms/ecm’ in average. The
remaining catalytic element can affect TFT characteristics, and therefore the concentration

30 of the catalytic element in the semiconductor film has to be reduced. How to reduce the

concentration of the catalytic element in the semiconductor film subsequent to the
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O her usabl e nmethods include plasma treatnment in an oxidi zati on at nosphere,
and oxidization treatnent by ozone generated through UV irradiation in an
at nosphere containing oxygen. Alternatively, a thin oxide filmforned by
heating in a clean oven wuntil it reaches 200 to 350C may be used as the
barrier layer. An oxide filmfornmed by 15 plasma CVD, sputtering, or
evaporation to have a thickness of 1 to 5 nmnmay al so be used as the
barrier |eygalizatipngyigp is describefie fil m used as the barrier |ayer has to allow

uhi 1 e being. capadiBugt W EHEREAInS Toffhe T Siide b tisgeriew At pucon M P
crystal | i n@ssid ieam {d FB. 1509 (Iﬁrt%e%{e'cmdﬁ&? tht | 1%@951%316?& dtd?leﬁlez 0

etchant) in the step of Termpving the gettering site. Exanples of suc
filminclugsaliine hémcéﬁyemxhlﬂé i ichied @rbtmmbrtlhyamgh() oftonbe hWatkers proegtemant , a

silicon oxide Qrous film the barrier laver 1106, a
second’ se?ﬁ%e&ﬁdé%tws)tﬂl’ll?ng lf‘}?Bl %]grl‘ 05 aﬁoma%?%ﬁ&% d gyhenc anesticripg S For med
as a getteriovey gidre 1107 to have a th| ckness of 20 to 250 nm The second
sem conductor filmcontains a rare gas elenment in a concentration of I x 25
1020 at oms/ cn8 orTheithickness Difiehegledrtier lapg Hi0bds 42001 t1Daim.i sAtstmple wgnoved
| at er, pr ef er abl y a low density filmin order to increase the selective
ratio to c’ﬁ‘f’é theyharmgnlpyeg is ‘é’ifPflEér?hF’i“I“iﬂ Aigs by freaiingnthp gurface veithbozpas velterment

itself isyie p@rﬁfcai ﬁxiﬁe LERHRC 1;25%8& ngIOf\kdléH r?{]ﬁgﬁ@@%n &rage%rﬁr%lut% oin n\gﬁmﬁnt

does not af ect the crystalline silicon nor € S

el enenbs @ef@enqﬂmmmm ig rixpd GOIRS isslfimg acifi, hedrbchTbfdaid. RednricNR)d.
argon ( &)){ krypton (Kr and xenon (Xe) are used as the rare gas el enent.
The pres&ither yyable imethpds indjude plasmae tiepiarent nint watoxidisationr etrgesdheree meft s

2P sed ARl ffin QULERE, 19 hOLID RSPk AR LS, 10 Idithn Su S RRREEC L O

filmcontaining t esee &4

To make SYRRINIRE og@icher M@ riativelghe URineskid el AUBRh bieRktidd 8Ah PRANL dven
needed at 5 this point. The heat treatnment is achieved by furnace

anneal i ngnt} itRgshey 200G r FHLE manheabédas ths betriss dayer.hebn oxidedtimeformed by

duct ed t t h t 450 to. 600C for 0.5 to 12 h
RTA | & cRisER D) SRETngs < Boeaor by Pt FIeGes of 100 Py e glterPe Seond,

pr ef er ably (80 vhRiefJaftCONASny Wﬁéechhé fileneat &dit ISJ?rIéiO!aREﬂTﬁ% 1PRALET @Rl Y 2
to 6 tines. The intensity of light emtted fromthe |afp |'ight source can

be set arcilntigreldmyent fymioge limng gesteting sisein the gdtaringy stég, whileDbelhatapdblt @fr each
600 to 1896%ce:nt1 gr gt]:: arn%t%roym zge%u;[gong ce: crystalline silicon film 1105 (protecting the film
1105 against the etchant) in the step of removing the gettering site. Examples of such
20 film include a chemical oxide film formed through ozone water treatment, a silicon oxide
(8iOx) film, and a porous film.
On the barrier laver 1106, a second semiconductor film (tvpically, an
amorphous silicon film) is formed as a gettering site 1107 to have a thickness of 20 to 250
nm. The second semiconductor film contains a rare gas element in a concentration of 1 x
25 10" atoms/cm® or higher. The gettering site 1107, which is to be removed later, is
preferably a low density film in order to increase the selective ratio to the crvstalline
silicon film 1105 in etching,
A rare gas element itself is inert in a semiconductor film. Therefore the rare
gas element does not affect the crystalline silicon film 1105. One or more kinds of

30 elements selected from the group consisting of helium (He). neon (Ne). argon (Ar),

krvpton (Kr), and xenon (Xe¢) are used as the rare gas element. The present invention is
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in an instant. During gettering, the catalytic elenent in a to-be-gettered
region (trap site) is released by thernal energy and is noved to the
gettering site through diffusion. Accordingly, gettering is dependent on
the process tenperature and gettering progresses in 15 a shorter period of
time at a higher tenperature. In the present invention, the distance the
catal ytic_el enent ,noves during gettering is_about the sanme as the. thickness

of the <ERAEEHAGL DI fonfarcait JHBIET HEEISEREE K TGN 1@ KRMbP 8giing site
| nvent | 0nnfsSuGPRPLAEthd it fife?!Bhlaly (BReTdieens Uk Qhubdd™o (ELE.sLAR)

Thi s heat treatnent does not crysta e sem conduct or 7 that
20 cont aigegedng sitee gas el enment in a concentration of 1 x 1019 to 1 x 1021
atons/enB, preferably 1 x 1020 to 1 x 1021 atons/cnB, nore desirably 5 X

1020 at onms/ cm - Thiosmake S1ip HissaedPing iscontiucded therqughky. beps Usr@nshis negdafort
re-di sghagged, hin tﬁ‘ﬁi 1%; g‘r{%g{nge%g%f l%‘i;hi%he% BY C%CFntsa e ﬁ&%%%g%ﬂféf%f”ﬁ f Eﬁac& Cer

remai ni ng elenents stall'tzation’o € sem cC

the gett @hhdifingli€ Phdsen e theatiRet BRLR@IInS AifoddiPLmicspkeaavesh RYs00°C
selective 25 etching. The etching nmethod enpl oyed rrag ge dry etching by

Cl F3 wi t He@-5uei Wgheiras nlf, RTAvds gkasentackimmglighti segramyiar edting isditder 41w &0 ne

sol ution _such as an ous,solution . .that contains . tetraethyl ni ym
Py oxt A8 EHEnERrtar T bt a R et | ra b SierrisBYT ROl ons
as an et Gipied9 TheRREhsiBlofl LS cRYISH frohNBE &b Bkt dolRcRAN ekt hdURIrilY, 2506

is removed using fluoric acid. 30 In this way. a crystalline silicon film
1108 i igeds thhecromoodnttorfiinoss lehtet e reackh 68l ya i ¢(BLe petrabls 708dodad’@.o | x
1017 atons/enB or less is obtained as shown in Fig. 17F. 36 The thus
formed cf& 2F3%he silicon film 1108 is a mass of thin rod-1ike crystals,

or thin flatt en%rfngﬁ%'é)t/tiekﬁg,ctﬁﬁ %gf@l}tﬁiﬁ%@nérﬁ ih Q%QJeng‘c%reﬁIrﬁgf‘&ﬁ (&3 Q#té/)i isC

el ement. Macroscopic eac e crystals grows w a specifi
ori ent at rdeasedhby thetmedi emmgy navyl e noovedi twe dhav gelterfind oudlie memogghl diffuoorgh 9.
 rbonl ont 4 e bl oyt b ol o ng o, speei ey
CoroL RS AR o 8 NI el PSS Bl e
Fi gs. 9AcanlgtiOBeclement moves during gettering is about the same as the thickness of the
semiconductor film, and-therefore gettering in the present invention is completed in a
relatively short period of time (Fig. 17E).
This heat treatment does not crystallize the semiconductor film 1107 that
20 contains a rare gas element in a concentration of 1 x 10" to 1 x 107! atoms/cm”, preferably
1 x 10 to 1 x 10" atoms/cm®, more desirably 5 x 10 atoms/cm™.  This is supposedly
because the rare gas element is not re-discharged in the above range of the process
temperature and the remaining elements hinder crystallization of the semiconductor film.
After the gettering step is ended, the gettering site 1107 is removed by selective
25 etching. The etching method employed may be dry etching by CIFz without using plasma,
or wet etching using hydrazine or an alkaline solution such as an aqueous solution that
contains tetraethyl ammonium hydroxide (chemical formula: (CH;):NOH). The barrier
layer 1106 functions as an etching stopper at this point.  Thereafter, the barrier layer 1106
is removed using fluoric acid.

30 In this way, a crystalline silicon film 1108 in which the concentration of the

catalytic element is reduced to | x 10'7 atoms/cm”® or less is obtained as shown in Fig. 17F,
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Fig. 9Ais a top view of the light emtting panel wherein the el enent
substrate is airtightly sealed, and Fig. 9B is a sectional view taken on
line A-A" of Fig. 9A. Reference nunber 801 represents a source driving
side circuit, which is illustrated by dot lines; reference nunber 802, a
pi xel section; reference nunber 803, a gate side driving circuit; 15
reference nunber 804, a sealing substrate; and reference nunber 805, a
seal i ng agehthus fppaed pryr@ling sikicoaniinby 10 é & aniss af it r8dbiki srystapareth807.
Through wkr.in pnot illustrated) for.transmtting signals jnputted to the
sour ce \é\fll?fctacnggirécli'(r%e c‘fr¥sg‘af ta%ﬁg‘i tg%c?ﬁcteﬁteogﬁeec t‘?légc 3161 Withg MAE@&W‘“ el

vi deo si ghh®r tle GYRaK gfv@NMS a sPiciid @5QikaRE. from a flexible print circuit
(FPC) 809, which is an external input termnal. 20 The state that the FPC
is connected to tHeskmypdimeni may hg cpahised mathslbrobedimensilrthraugh©he  present
specification, any nodule on which integrated circuits (1Cs) are directly
mounted is referred to as a light enmtting device. Referring to Fig. 9B,
t he fol |l ow,p&diMehi 1descri be the sectional structure of the light emtting
panel illustrated in Fig. 9A. The pixel section 802 and the driving circuit
portion 25 areAs diisreshbabiowat,ahs ditisiwiaevill Ipeciibalpdeselibs e giro@s 8O 2-hich
corrposedﬁg%gghxel S, each of which includes a current-controlling TFT 811

and an a hemitidtmpancbarodiend by & 8pphined manuiachrmesterTefEaPedMegtsch icui t
ortion i fr: L LCL ' - - ck : 13
gnd a p- c@a%ﬁgpgfdg%eﬁfﬁg 14 gg%dgg b icnegre\?\%(ﬁ?aagé%hﬁ eg{ﬁﬁgg fagﬁtg%rk%gfe?i:% |§)s
f or medoatFigota ®iddis of each of the anodes 812. Thereafter. an 30 organic

conmpound | aver 816 and cat hodes 817 are forned on the anodes 812 to produce
li ght enitting fB&etbit & t@rgewsf tpbighiemiddrspael whemet iherelemery substraig is
comon tq.al h %e) o :and. ar icall vy caonnegt eg,to fhe FPC 809
t hr ough %n\?&gbtllﬁéea%%g@%rﬁg ggé ?%%C%gﬁ%ls‘%‘gg %ﬂeg%ﬁ hr?édAé%o Fg =agé' i g eg HEK to

the substiaiter 800 pieberdihe sve@l tfeingdRdd cBOEHL, Weich e iB@AatdgbAGRANIMRES, an
ultraviolet setting resin or thernosetting 5 resinis preferably used. If

necessar yefegensp apmben b sepixef segtipmgieferénde mumber B83.0i sposedt dniviog gcuito
o1 ononts FEETCARUIIRE} Eogat CULE BUPRFET ARbACErrrarurDas SIS ¢ PR Fb 1 e
space 80T heSaidOHRARAdBY thd\RaPSRht 80 RASPhccHy. It is desired that the
sealing agent 805 is nade of a material whose water- or
oxygen- per meabiThreughi wirings el {llussatpd)sfir srassmitingyigpalstinpeftadhe thegiource
em tting s%lee nv?r'{gsci?ciurittéoqha;[nld%hé ggtg s%dg%r%?nagcgrc%gt%ﬂ%p vitdgg signals or clock signals

are received from a flexible print circuit (FPC) 809, which is an external input terminal.

20 The state that the FPC is connected to the light emitting panel is shown herein. In the
present specification, any module on which integrated circuits (ICs) are directly mounted is
referred to as a light emitting device.

Referring to Fig. 9B, the following will describe the sectional structure of the light
emitting panel illustrated in Fig. 9A. The pixel section 802 and the driving circuit portion

25 are formed above a substrate 810. The pixel section 802 is composed of pixels, each of
which includes a current-controlling TFT 811 and an anode 812 connected electrically to
its drain. The driving circuit portion is composed of a CMOS circuit wherein an
n-channel type TFT 813 and a p-channel type TFT 814 are combined with each other.

’ Banks 815 is formed at both sides of each of the anodes 812. Thereafter. an
30 organic compound layer 816 and cathodes 817 are formed on the anodes 812 to produce

light emitting elements 818.
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above-nentioned structure, the light emtting el ements can be conpletely
shut off fromthe outside. As a result, it is possible to prevent the
deterioration of the light emtting elenents by water content or oxygen
fromthe outside. Accordingly, a light emtting device having high
reliability can be yielded. 15 The structure of this enbodi nent may be
conbined with the structure of Enbodinent 1 to 10 at will. Enbodi nent 12
Fig. 10A nore shcrithedss| 817 fungder af es witieg coprfoacke si rofchemexa, ankdearpi xel

section Oélectlggaééfr}:%nh%eg%ittogtm#lg;@g erg&gjﬁad&%?%%ﬁﬁd usi ng the present

i nventi on an SCri a X OB illustrates a circuit

di agr am t her eof TheRaf8h g istighia@ §0O0add Of AR LOBiuch oS LeMIAG Tl wi@4nks
conposed of the sw tchi ng (n-channeal) Tlgtll' 3002 uecls ?I I ustrét edg_il-_unW [gi SE 6.

Accor di ngelingagrsnt 80he At thecealing ageot 8¢, antlieasdelscsdtyig mainon thérenswing hi ng
(n-chann%%in}'SFT Orq)% sho(rlj be referred to. A wiri p% 703 is a gate wiring
for conndctT AYPEEGAY &5l el PERFERIY GARACHEPTTRIME! 6f 2 (Fan Slintmeay Prgdivrosed 04

el ectri cahlordw t k6L n QBRI bkilvdeli & | OR R ace® : ugLure,
wherein two channelé%fcor m ng ar egi ons. gfsg?ﬂ?%r %{ﬂd[g %(g'gg{?%‘éﬁgﬁgﬁ}e\%ﬁ#ﬁﬁ

si ngl e galtemnents §¢8.urdn inbrerges sudnes clitaogeel of ordrigng is fidlgil dntol tef Paoed)7or a
triple gate é%{g&t;ﬁ erein three channel form ng regions are forned,
may be adbPPRfedy thecaliggrgentdot né is desitedithy thrsealing apent S9hnenmrdeof & a
source Wil &6k 1 | - ' nnec to a drain wiring
705. The drtai n%ﬁ?%&%dﬁﬁ%&ﬁ%&%gﬁﬁ%ag %E&g%ﬂﬁoesélt%ged to a gate el ectrode

707 ofiothe cur Bynputingt el lighgediftiing Gemebte airtightle NhroC et k@dcki s T khd 06 is
conposed of the current-controlling (p-channel type) TFT 1003 in Fig. 6.
Ther ef or 8P0%nBERtIQNGE stpetyre: thediahhemiging elemsnigese be soinpletadn shitefSwmahé ng

- chann . LFT 410 0 eferred to.. . In this enbodinment, a sj.ngle
g(ggt e st rﬁlé%ﬁl—rgé éjsi gsjefg%{!}p;{ ie% B gs\}\lgsgcr),prgveé'gdg? & egeéltoéa“?f‘r?fgfllﬁ ggl?)tr S‘H“F?é? pl e
gate streletrisns bpywdde amedi enl. oxyEBE fRaM e o@ﬂ‘sideheA;c:%xﬂﬁ{gliy,Gpﬂ%ﬁ@éﬁqitﬂﬂg TFT

706 is electrical Ig. connected to a current-supplying |ine 716. The drain
t her eof 9&vies asting highrgliabdiinean eaiyielded drain wiring 717. The drain wiring

(1 usPrated by o ERRE 71 B chRRufRCEal B4 RopByEs, Hie theo iryetiriaghser)
i s for meHmbodandregit@no 4i®ill. The condenser 719 is conposed of a
sem conductor | aver 720 connected electrically to the
Embodiment 12
Fig. 10A more specifically illustrates the top face structure of the pixel section of
20 the light emitting device produced using the present invention and described as Fig. 10A,
and Fig. 10B illustrates a circuit diagram thereof. Referring to Figs. 10A to 10B, a
switching TFT 704 is composed of the switching (n-channel) TFT 1002 as illustrated in
Fig. 6. Accordingly, about the structure thereof, the description on the switching
(n-channel) TFT 1002 should be referred to. A wiring 703 is a gate wiring for connecting
25 gate electrodes 704a and 704b of the swi-tching TFT 704 electrically with each other.

In this embodiment, a double gate structure, wherein two channel forming regions
are formed is adopted. However, a single gate structure, wherein one channel forming
region is formed, or a triple gate structure, wherein three channel forming regions are
formed, may be adopted.

30 The source of the switching TFT 704 is connected to a source wiring 715, and the

drain thereof is connected to a drain wiring 705. The drain wiring 703 is electrically
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current-supplying line 716, an insulating film(not illustrated) which is
formed into the sanme |layer as the gate insulating film and the gate

el ectrode 707. A capacitor conposed of the gate electrode 707, a |aver
(not illustrated) that is fornmed into the sane |laver as the 1s first
interlayer dielectric, and the current-supplying line 716 may be used as a
storage capacitor. The structure of this enbodi nrent nmay be conbined with
that of EfRIS&FHRENis 3 2ale tloctrode Effodifnsit clBrepnetntollinex Sl e7@f. t Hihe

rocess s ’ i . light emtting device that i different from
Barpt e o iRl BB Tl chMhoral ok Mgt regdRobisg ap nret byp) Fha
process st@sinaFig. 80VaREefbraCAHRuM iHshRWEX AR, %ettrékérkpdoheoﬂh%ts%:igﬁinﬁi 9.
22(A). Thereafter, the TFT substrate is transported Into the secon =

pr ocessi n@-¢heangl) Y 1098 shheldamt fefegtedavr obt tis anbodimeits a saghy ede Byusader
was hi ng. i@aggglé 3938 is th?eﬁn Eorrrred as shown in Fig. 23(A). The bank 3938
may be “covAPEICHi (HOMR s THURES HHIC HriGHTe Sf Hinls safe SupqtpedRahaadoaieds i [ m  on

the surface thergofoiase 9 hé alurfet:-EHAQ h{gg!‘i‘h%oé)ﬁs 'ef%cf?icﬁfr‘r ’E%[ahé’c? d 1J@ be
subj ected to surface nodification by carrying out plasm Yea neﬁ% as
simlar tomremrupginenting 7169 Thd drait thergdris elecwirpliwibshncaie o 32B8inf wirmed
with a pohﬁWEﬁgo%ganic.po ound is initially formed on the anode 3928 by a
spi n coat’i'y Yo %’rg‘ﬁ% KoclreHtiRgly epnnesied |t 1aa. anogip dpixal electreded gifred

W th a poliydiBkedy jifeconpound naterial having a positive hole
transporting property or a polynmer organic conpound material having a high

posi titwe hol e 8nnbisidast,ya sA8agdagpoltymBiondBan)iic FEARRPUNG BBLRI T3l , The
pol yet hyl enée di oxyt hi ophene (PEDOT) may be used. A second organi ¢ conpound

| ayer 39%590deSeth 7B isacompesed i @ semigondiater laver 23 cennscted oeatnicatiyplor thie ng

| ayer, a C | G re tg be fornmed theregn , ;he forned
o the o P aplRtE, A S B Piile et YERGIRIT I s v dlp
detail, tinee tdyetkntheszacd inkhiatifg Fish, M8 ightcCREROHOTNT. QYL ap3RB0 cSARoLE
differentiated between the thickness (t1l) on the anode 3928 and the

t hi cknes8f theegaje glgctrode Himr lagadneyyillagpmtesh thaitis formet amigithgsanirelayersesabe t y .
I n other r e.. thi ckne tl) on the.anpde 28 can be | arger, ow ng
to tnes oo HRrabdaic A AR Yt breBPupBiT R a0 726 dh” PRastuik S9eised

capacitor.

The structure of this embodiment may be combined with that of Embodiments 1

to 10.

20 Embodiment 13
Another example of the process steps for producing a light emitting device that is
different from Example 2 will be described with reference to Figs. 23(A) and (B).
The process steps are advanced according to Example 2 until the state of Fig.
22(A). Thereafter, the TFT substrate is transported into the second processing room, and’
25 the anti-electrostatic film is removed by water washing. A bank 3938 is then formed as
shown in Fig. 23(A). The bank 3938 may be covered with an insulating film, such as a
silicon nitride film, on the surface thereof as similar to Embodiment 2. or in alternative.
may be subjected to surface modification by carrying out plasma treatment as similar to

Embodiment 8.
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15 The thickness (t3) at an edge part 3958, at which the anode 3928 and the
bank 3938 are in contact wth each other, becones the maxi num and the

| ayer can be formed to have a certain curvature. According to the form
the covering properties of a second organic conmpound |ayer 3951 and a

cat hode 3952 fornmed as upper |ayers thereof can be inproved. Furthernore,
cracking due to stress concentration and electric field 20 concentration

are suppressed ; ight e hting el ement fromfajlure due to
deterioration a%gngag%tm%icélgﬁ?%oqﬁ\ 6 Pbré%rp%f Y PRI AIRPICHG TROYNE é

using a | 151 l, Nt+.S..sel f-1um nous and therefore 25 is
superi or fln%k‘%llyg%{nﬁ @‘gthl%ﬁgé% %%#té’sbsvtfr ?pélhﬁ%ﬁ“r'i‘één%lb‘?fgélr“@ﬁwt”& mEtHed or Be yikeal

di spl ay ' has w der .viewi ng .angle. Accordingly, various

el ectr on?@édgaa?ﬁggggogglﬁgb“él Sn%l%f{l%fdofﬁgmﬁ ouRe RHer gl igkingenippsitiveg habvi ce

of the pr nt_invention. EX | es of el ectronic appliance enploying a
light eni tﬁhsﬁ‘ér“&%\PF%Pee”éffO‘"tdr%’?ﬁB%fs‘Hﬁ%mc CopBRRAtIdRatsnal haying yhigh @am@m%o@

digital, ¢ a5 a | e.type display (head nounted display): a navigation
systent arﬁg%ég'f'o ‘?‘ggﬁ‘gdﬁ&”ﬁ% B‘E?P@ec BEPURSy fhabsTizhnpeluefinylead riorshiophensd t he
5 like); BE org conput.er; a game machine; a portable information term nal
(a nobi Ie( (ofo) {8 e'éseéel | ul ar phone, a portabl e gane machi ne, an

el ectroni c book, etc.); and an inmage reproducing device (specifically, an
appl i ance capafft éeﬁndp‘?rgﬁﬁgﬁoﬁ’@oﬂﬁ‘?éﬁeﬁ 3§5 Fedish disrig lighteern iing eylr asd an

di gi tal v?r?ati | e disk SDVD) and having a display device that can display
the i magé GFOP AEHRATYUNE ‘apige and grgathade Podg vhich e hAgiferned theghe, maj i ng
element is desirable to particularly for a portable information term nal
since it OISR NG Smilar maniqr@sdHEBBPHEAL J- and i s required to have a wi de
Vi ew ng angl e. Sp%cifi_c exanpl e of the electronic devices are shown in
Figs. '41A to 11¥9shprg.in Figa 23 dgtagli the|thigkersy pEde figkticcgrnicconpposdavesf a
casi ng 238%% a supportiir;‘? base 2002, a display unit 2003. speaker units
2004, a g2 Py differetigfedhetperpsthe ghigkneyhé]) aib e aglotle 8928 sachthedbickosss of

t he preifnt invention_is applied can be used for the display unit 2003. The
light enf'} iBgthgebinke 3R ibygarpronritely eshianging ghe | smnity.i sinsethér wendnats and
does not need a backlight, so that it can nmake a thinner display unit than
liquid cHyengss Giken iy ageds 3838 eambe laties aveingtalifeploaayadexirten foraleddasn ever y
di spl ay device for displaying information such as one for a personal
corrputert,he@ﬁ@dq%?zsr%@etﬁvbwlﬂ%ﬁgbroadcasti ng, and one for advertisement. 20
Fig. 11B shows a digital still canera, which is conposed of a main body
2101, 1% The thickness (t3) at an edge part 3958, at which the anode 3928 and the bank

3938 are in contact with each other, becomes the maximumni, and the layer can be formed to
have a certain curvature. According to the form, the covering properties of a second
organic compound layer 3951 and a cathode 3952 formed as upper lavers thereof can be
improved.  Furthermore, cracking due to stress concentration and electric field

20 concentration are suppressed to prevent the light emitting element from failure due to

deterioration and short circuit.

Embodiment 14

A light emitting device using a light emitting element is self-luminous and therefore

[
Ln

1s superior in visibility in bright surroundings compared to liquid crvstal display devices and

has wider viewing angle. Accordingly, various electronic devices can be completed by using
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di splay unit 2102, an inmage receiving unit 2103, operation keys 2104. an
external connection port 2105, a shutter 2106, etc. The digital canera is
formed by using the light emtting device of the present invention to the
display unit 2102. Fig. 11C shows a | aptop conputer, which is conposed of a
mai n body 2201, a casing 25 2202, a display unit 2203, a keyboard 2204, an
external connection port 2205, a pointing nouse 2206, etc. The | aptop
conput er 11§ light sratting/deyigerny thenwesenighvensiont t i ng devi ce of the present
invention to th i SRl a nit.2203. Fig. 11D shows a.nobile conputer, which
i s conposed of EX%EPQSBgS%CQ%bi?P 1an '%Bﬂﬁ%”%ﬁi5¥§§5@Pn%d§WF?€ﬁ*wZ§€§F‘

oper at i onjrkeytson3&4, viddd daffer A5 &ehifaPYanRe4:L tfntalhEe, ile, o
conputer is formed bv; usidng tﬁe 11idghatrr[%gmatgi%%%g1)82\;1??83-[2&@9*;{120@%5%?&!@),
i nvent i on2 mavigieon gfisepl; sy audict repR@Bcing Yedig (cal didishovsudio panp@akhe sngage
reprodg;ipg%%eyice egyigped W th %,recording medi.um (a DVD pl ayer, to be
speci f i°c) FethE A HRp i CRRPHED AR JBFIEE: 2PoRAYE BEwpatopgsrmigal (a smobig compgter, a
di spl ay Ufideli@a?4iane, 2a GictRbRY oM t 0 i i ym (DVD)

a ne, a%qﬂalﬂ% oMhé ﬁ%&%ﬁ, ;a’n el %oglg 4%{};3, é{q&(l: \anr Mage

readi ng unit 2405, operation keys Speaker units

di spl ay umprodaciag0Bvise nfapasifcati, syl ayslianomgepablef of pRttRimeWEs 8% t’é&@r(ﬁhgsm ay
unit B 2404.nain|g dis L%%% text information. The portable inmage

r epr oduci AGHRASUER 2F @ digrluersyile disk A5 iNeand; hgwing erflisalingdeviggabatcranatispiare
present iy aRkdOdt thOade e -' i DGk 2304 NG F 81N IRoe
repr oduci ng dé%ice enggpgggaFt “ﬁﬁﬁéégﬁﬁgﬁg%ﬁég%ﬁﬁf?ﬁgwaﬁgng§ﬁé%55§§g

machi nes .pariaylarlylfr slpomabla irfoggitien tetpenad sispd Ay sdrdaas ot eed dbisqleaydnd
which is .conposed of to a main body 2501, display units 2502, and arm
units 250%IcaHEd 48 dgre atWide Vasvepe apsles Spesifiteerapplaigl g déntronicgdrvicesriatet i ng

devi ce of,thf; ta d tion to the display unit 2502. Fig. 11G shows a
vi deo caﬁeéaﬁlﬁgﬁﬁﬁﬂfgkﬂ%ggosed of a main body 2601. a display wunit 2602,

a casing 2603, Fg B&X sioksla dgeddvi@NwhRhlis éiftbsedof £ERIR 8R! L YhppoR&RI Vi NY
unit 2605, an image receiving unit 2606, a battery 2607, an audi o I nput
uni t 26082505 a e Gsplreysit 2602 Gpeakentnits 2004, wivitio ivputaerming 2005.ned blheusi ng

the |ight. emtting,devi f the. £ tjon tq the displ it
5602, "B SRR o Sl relet RERET Maprtpd 81 bothso der e poREmt A0y
2701, a Qasilist exﬂi?% de@idéih%pﬂn?}i i émi?t?r%gelerﬁéht MifQU&HBH% attlides 260%ed@n

audi o output unit 2705, operation keys 706, an external connection port
2707, anbagidighh£0 208t cast makeTh ¢hioedr|didplay whioihen tiguitiarysed 2@ldyydavdiengat.he

![ ihght eniﬂ'l;[: iter}% Sgﬁizlzyg ch%e ithl%dgsre%%%néispilgyvger\]/&ée%gr éi(s)plqugg %jnifgr?rlla?i%n lé{llcl:l;[ 3820711(2:3- '
for a personal computer, one for receiving TV broadcasting, and one for advertisement.

20 Fig. 11B shows a digital still camera, which is composed of a main body 2101, a
display unit 2102, an image receiving unit 2103, operation kevs 2104. an external connection
port 2105, a shutter 2106, etc. The digital camera is formed by using the light emitting
device of the present invention to the display unit 2102.

Fig. 11C shows a laptop computer, which is composed of a main body 2201, a casing

25 2202, a display unit 2203, a keyboard 2204, an external connection port 2203, a pointing
mouse 2206, etc. The laptop computer is formed by using the light emitting device of the
present invention to the displav unit 2203.

Fig. 11D shows a mobile computer, which is composed of a main body 2301. a
display unit 2302, a switch 2303, operation keys 2304, an infrared ray port 2303. etc. The

30 mobile computer is formed by using the light emitting device ot the present invention to the

display unit 2302.
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di splay unit 2703 di spl ays white characters on a bl ack background, power
consunption of the cellular phone can be reduced. If the | um nance of
light emitted fromorganic materials is increased in future, the 1light
emtting device having an organic el enment can be used also in a front or
rear projector in 25 which light bearing outputted inmage information is
magni fied by a lens or the like to be projected on a screen. The

el ectroni ¢ devi céggl Yephaws & Rertaileveags reprodiicing| deyicei aylugpedtwidna décotdihput ed
t hrough el ect i uni cation lLines.such.as. Internef and CATV (cable
tel evi si orxllﬂf}:.(iﬁ J@E%?ﬁ%,ﬂ’ gon%’%ﬁ‘feicbﬁhc)i n?ﬁ‘? ﬁ% Ol SRMPRSThedr e Eimpdrdiilency.
The | ight canthg ko dlakple 3o A2A000. AidkGhiniCH 21dnd ELETRRL by SUIeh) ©
for displaying animation information since organic materi al s have Tas
response &pdig unip2408, opreatiangketys @AD6,tspraked enitc2407perct | TRS dishaly i A 24hght
consune, power er ef.ore iLt. IS . desflrablht{el to di spl_iaﬁ i nformation such that

er.. Th . ] .
as snmall Porty ShPHS PagsimPenasion ghqressife disnlowmi Rytd)+ mpingshdisplaghtext
em tting dgyisRionS UHEdof j b bedi Loy Qi splaysf ext..
information s uclh as.a ggrtt a%lﬁggé:'e?{ %@#&#? Eeleg?ff?ifﬁgi:‘%y l?}nggﬁlzﬁgheﬁﬁlhé?@t%nc
cel lul ar geoererf din@resntSinaerdion w ejpr didplay ngitd V408, ankitB RSOMesTHARER ihQee
assign | i%{gt%ﬁg ttq’ n&Fpor.ti ons.to display text information while portions
that do nBPTENCIEGeyRE cawphe! WD pRerosding giedinm inchules sisep ighmd mdsbines. t he

e Ton T 20 B 48 S A B SR LTI
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present |2l%2nat dis(;)any unit 2703, an audio input unit 2704, an audio output unit 2705, operation keys
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20 by using the light emitting device of the present invention to the display unit 2703. I the
display unit 2703 displays white characters on a black background, power consumption of the
cellular phone can be reduced.

If the luminance of light emitted from organic materials is increased in future, the
light emitting device having an organic element can be used also in a front or rear projector in

25 which light bearing outputted image information is magnitied by a lens or the like to be
projected on a screen.

The electronic device given in the above often displays information distributed
through electronic communication lines such as Internet and CATV (cable television).
especially, animation information with increasing frequency. The light emitting device

30 having a light emitting element is suitable for displaying animation information since organic

materials have fast response speed.

42



can solve the problens of contaminating the TFT with an al kaline netal used
as a material of the light emtting elenent and of degrading the Iight
emtting elenent with noisture or gas, and therefore can provide an
excellent light emtting device. 25 43 Cains 1. A nmethod of manufacturing
a light emtting-device conprising the steps of: renoving an
anti-electrostatic filmfornmed on a resin insulating film the resin
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organi ¢ conductive material is fornmed by spin coating or evaporation. 4. A
net hod ofl @YrdAuf acturing a light enitting device according to claim 1,
wherein the anti-electrostatic filmconprises an organic insulating

materi al selected fromthe group consisting of polyinide, acrylic,

pol yami de, polyi BydgaiIiidg, el preReRZACHRIAP ULREy 4f an anode is reduced and
therefore degradation of a light emitting element can be prevented. The present invention
15 also includes leveling the surface of the anode, thereby increasing the current density in an
organic compound layer.  As a result, the drive voltage can be Jowered and the lifetime of
the light emitting element can be prolonged.

Moreover, the invention is capable of moving a substrate between a processing
room for forming a TFT substrate and a processing room for forming a light emitting
20 element that are physically separated from each other without causing degradation of TFT
characteristics or electrostatic discharge damage. The structure of the present invention
can solve the problems of contaminating the TFT with an alkaline metal used as a material
of the light emitting element and of degrading the light emitting element with moisture or

gas, and therefore can provide an excellent light emitting device.
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Claims :

1. A method of manufacturing a light emitting device comprising the steps of:

removing an anti-electrostatic film formed on a resin insulating film, the resin
msulating film formed over a thin film transistor and an anode;

etching the resin insulating film to form a bank;

baking the bank in a vacoum;

forming an organic compound layer over the baked bank and the anode;

forming a cathode on the organic compound layer,

wherein the thin film transistor is formed over an insulating substrate.

2. A method of manufacturing a light emitting device according to claim 1,
wherein an organic conductive material in the anti-electrostatic film_comprises selected
from the group consisting of polyethylene dioxythiophene, polyaniline, glycerin fatty
acid ester, polyoxyethylene alkyl ether, N-2-Hydroxyethyl-N-2-hydroxyalkylamine
[hydroxyalkyl —monoethanolamine], N,N-Bis(2-hydroxyethyl)alkylamine Jalkyl
diethanolamine], alkyl diethanolamide, polyoxyethylene alkylamine, polyoxyethylene
alkylamine fatty acid ester, alkyl sulfonate, alkylbenzenesulfonate, alkyl phosphate,
tetraalkylammonium  salt, trialkylbenzylammonium salt, alkyl betaine, alkyl
imidazolium betaine, and polyoxyethylene alkylphenyl ether.

3. A method of manufacturing a light emitting device according to claim 2,
wherein the organic conductive material is formed by spin coating or evaporation.

4. A method of manufacturing a light emitting device according to claim 1,
wherein the anti-electrostatic film comprises an organic insulating material selected
from the group consisting of polyimide, acrylic, polyamide, polyimideamide, or
benzocyclobutene.
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