2 3 JAN 2006 1  LIGHT EM TTI NG DEVI CE AND METHOD OF I\/Agl\JE%ﬂg | NG THE
SAMVE BACKGROUND OF THE I NVENTION 5 FIELD OF THE | NVENTI oA r é8fnt
invention relates to a light emtting device using a light emtting

el enent which has a | ayer containing an organi ¢c conpound between a pair of
el ectrodes and which can give fluorescémce or |um nescence by receiving an

electric field. The |ight L#GHT EMITTUING DEVECESANI® i n the present
specification 10 is an i mage di splay device, a light emtting device or a

| i ght source. AdditigErhoD pgfﬁ; ICPURINC %i exanpl es of the
light emtting device: a rmdu(Pe etrjgﬂan a conr%?tqg]ri, orE]exarrpI e, a
flexible printed circuit (FPC) or a tape automated bonding (TAB) tape, or

a tape carrier package (TCP)) is set up onto a light emtting elenment; a

nodul e wherein a printed wiring board is set to the tip of 15 a TAB tape or
a TCP, and a nodul e \Ahereiﬁéiglgﬁwm OF THE INVENT directly nounted

on a light emtting elenent in a chip on glass (COG nmanner. RELATED ART A
| i ght SeniKHELAY Off THEINVENRI@Nenent which enmits light by receiving an 20
electric field. It is said that the | um nescence nmechani smthereof is based
on the fol | owWTHE pRieAPRhveiidna rd@fek Qe at Hgﬁt 'eﬁﬁﬁlfnegﬁﬁgpfcbshﬁﬁgié elg@?St one

organi ¢ conpound sandw ched between el ectrodes, e trons 1n| rom

the cath b e . ano re reconbined,in the |ayer
conpri si %gﬁé‘?‘@eeéés??‘l"@ﬁ"evhm& fé%i?é%%%‘ﬁﬁ@?%%o %ﬂlﬂ é%lupggnff Il?egzxee&ei tiyng
state (herei nf\ff?e r.ef er e%.t as 25 "pol ecul ar exciton"); and energy is

radi at ed Rt £1& rﬁﬂ?%%qliéﬁl 1@&(9@9(3%" csgence) aklumpgscence by receiving

an electric field. The light emitting device referred to in the present specification

10 is an image display device, a light emitting device or a light source. Additionally,
the following are included in examples of the light emitting device: a module
wherein a connector, for example, a ﬂexible printed circuit (FPC) or a tape
automated bonding (TAB) tape, or a tape carrier package (TCP)) is set up onfo a
light emitting element; a module wherein a printed wiring board is set to the tip of

15 a TAB tape 'of a TCP; and a module wherein integrated circuits (IC) are directly

mounted on a light emitting element in a chip on glass (COG) manner.

RELATED ART
A light emitting element is an element which emits light by receiving an
20 electric field. It is said that the luminescence mechanism thereof is based on the
following: by applying a voltage to a layer comprising at least one organic
compound sandwiched between electrodes, electrons injected from the cathode and
holes injected from the anode are recombined in the layer comprising at least one
organic compound to form molecules in an exciting state (hereinafter referred to as

25 “molecular exciton”); and energy is radiated when the molecular exciton moves




back toward the ground state thereof. -2 The kind of the ntﬂgcg%ﬁr%@gciton
which is nade fromthe organic conpound may be a singlet exci te or
atriplet exciton state. In the present specification, |um nescence (that
is, light em ssion) may be based on the 5 contribution of any one of the
two. In such a light emtting elenent,_Jts |ayer conprising at |east one
organi ¢ lanktowndd tle grouald|syatetitsgesf. a thin filmhaving a thickness bel ow 1
m The Ilight emtting elenent is a spontaneous |ight type el enent, wherein

Lhe Laver  COMPIG iad Af (RAShoRBP' Gflch SATBR IR nlakE otibnf The Sophfel

Therefore, backlight, 10 which is used 1 n conventional |1 qui

di spl ays, .| ry.. a_resul the light emtting el enent has a
gr eat adv‘?rﬂ% %%%Hafﬁ%g’ %?etalégll%?%eexﬁﬁ%&@éﬁ Oirﬁttﬁlpé&tqﬁcﬁona#ﬂial i g‘hfher ReffiThe
time fromthe,injection of carrjers to_the reconbination thereof in the

| ayer confPEFEiGagon: luauBescenec oibginiis dighpotmissinn)i maya benibererbsen otheabout
100 to 15 200 nmis about several tens nanoseconds in light of carrier
mobi | iy domtribetidmgfanyonpof ieigvat | east one organi ¢ conpound. A time up
to lum nescence, which includes the step fromthe reconbination of the

carrier to | umineseRNCRghi &nﬁtihg%méﬂ, %sqsgexoéorghﬁgigge&qeﬁ o didfic

Therefore, the light emtting elenent al so has ant age that "t he
response | .S | .The |ight em tiin ment draw,
attention aE[ (ﬁie?{(dt isgléérglglgl tl{ngﬁé %fa%alﬁgt@r‘{ lhgygﬁ ﬁfﬁmgﬁﬁﬂfaa‘ﬁeitl‘ﬂnt hdhe
character,i tics.f)f thin and |ight weight,. Ri qh responsibjlity, and direct
| ow vol t&bé“d?w 1Rg. clemenhls i3 groptapeens light txps telshgnt, evhsrsht the layer
conparatively good because the light emtting element is a self-enmssion
type and SRS W Fgsteng ergamiueompoend itgtlf emitstlighty dhenefate, backlight,
considered as an effective elenent for using a display screen of a portable

10  which is used in conventional liquid crystal displays, is unnecessary. As a result,
the light emitting element has a great advantage that it can be produced into a thin
and light form.

The time from the injection of carriers to the recombination thereof in the
tayer comprising at least one organic compound having a thickness of about 100 to

15 200 nm is about several tens nanoseconds in light of carrier mobility in the layer
comprising at least one organic compound. A time up to luminescence, which
includes the step from the recombination of the carrier to luminescence, is a time
in order of microseconds or less. Therefore, the light emitting element also has
an advantage that the response thereof is very rapid.

20 The light emitting element draw attention as next generation flat panel
display element due to the characteristics of thin and light weight, high
responsibility, and direct low voltage driving. Visibility of the light emitting
clement is comparatively good because the light emitting element is a

self-emission type and wide viewing angle. Thus, the light emitting element is

25 considered as an effective element for using a display screen of a portable




apparatus. -3 In light emtting devices forned by arrangi ng such |ight
emtting elenments in a matrix form driving nethods call@ﬁpﬁ@?@i%? mat ri x
driving (sinple matrix type) and active matrix driving (active n"a@ix'
type) can be used. However, in the 5 case in which the density of pixels
increases, it is considered that the acjive matrix type wherein a swtch
is fittedppargash pixel (or each dot) is nore profitable since |ower

vol tage driving can be attai ned. Modreover, as an active-matrix type |ight
em tting devi censSligiwrenittisg devitds forbied airﬁﬁgih%%bh t eiiging demehtsl 707
in which TFT 1705 on a substrate 1701 and 10 the anode 1702 are

el ectri cag,l opRe , 4 ay. hSl I . | und
1703 is ?ltk)lr%(rerg on g(%rﬁgn% e %7@5@%&%2&%@@%0 & @@’iﬁ‘ :agﬁf‘% @gﬂpg%qﬁ 5 | ayer
conprisin | east one,oQrganic conpound ,1703. In additjo as anod

mat eri al sgpgj ?‘PfgaF%%Plaéw (f]jf‘iVH& Cﬁﬁér’i‘i‘ati‘?‘(ﬁ?e) FProPBict o Wévﬂof%ﬁle
injection snooth, conductive materials of a large work function is used,
and conduwesse e wischshedengity offpirelsrincrensass flais eonsideradhibat thghactiveunsirixs | TO
(indiumtin oxide) and 1ZO (indium zinc oxide), are used as a materi al

whi ch f ultiypk wehdrbin psadichdslfitldaoasichrpisél @r eath@ol) Bhho aalsld sidcet he
organic light emtting |layer 1703 of the light emtting elenent 1707

radi at es Ib%%lttagéd}_iﬁ_%glz&?bé 19Hel the anode 1702 is a favored structure
(hereinafter referred to as a bottomem ssion) of the light em ssion. 20
to

However, in th oftom emn ssi.on structur ven. i.f resolution . s-.trigd
b rai sed TFMIRPERTY Rty Rl ihechel itting ERr shaPRn ke b,
Thus, a ,groble .0f arestriction of an aperture ratio is_occurred. In
recent yehMhas the,Heht emittingeclement 1HY 15 which THIa K9 epasrbstrate h70iand
cat hode side (hereinafter referred to as a top em ssion) is devised.
Concelthi rijetamod2d 70Beart appectricalty oonndoydt, aclayet compdsinigeat leastdimecomganit i n
unexam ned patent

compound 1703 is formed on an anode 1702, and a cathode 1704 is formed on the

layer comprising at least one organic compound 1703. In addition, as anode
materials in the light emitting element 1707, in order to make hole injection
smooth, conductive materials of a large work function is used, and conductive
15  materials that are transparent to the light, such as ITO (indium tin oxide) and IZO
(indium zinc oxide), are used as a material which fulfills the practical characteristic.
The light generated at the organic light emitting layer 1703 of the light emitting
element 1707 radiates toward the TFT 1705 through the anode 1702 is a favored

structure (hereinafter referred to as a bottom emission) of the light emission.
20 However, in the bottom emission structure, even if resolution is tried to be
raised, TFT and wiring may be interfered dﬁe to their arrangement. Thus, a

- problem of a restriction of an aperture ratio is occurred.

In recent years, the structure that the light radiates upward from the
cathode side (hereinafter referred to as a top emission) is devised. Concerning to

25 the top emission light emitting device is disclosed in unexamined patent




2 3 JAN 2096 publication No. 2001-43980. In the case of tfe Ug@ Wsi on
type, the aperture ratio can be enlarged than that in the botto m ssi on
type,. so that the light emtting elenment which can obtain higher

resol ution can be fornmed. However, in the case of the top em ssion |ight
emtting device, if anode 5 material s-4-hat ,i.s transparent to the light is
used as curhliatipn¥e) 3001-43980.i slrethe cast of thenopotmdssion type, ¢l bpeteursi de
but al so the anode side, thereby the light emtting efficiency Is |owered.
I f the fijatioheat be énlahpledditRakinag iaf feChoRGRl Smtsstdif typed o ﬁiﬁttﬂl‘édl(i)éﬁtom the
anode side is forned, one nore manufacturing step nust be added. 1

Furt her, Jf:fhe . anode . | LS i aving a |light

bl ocki ng éel%‘t{eﬂciz| chnﬁlﬁiﬁiﬁ%?:ﬁﬂgﬁﬁﬁgél@eﬁﬁa spglﬁléggiﬁgélgﬁllr@%&]éssary. However,
these material,s have s | er wo functiqn .and. spend hi gher, ma{erial cost
than 1TO whi crﬁ?‘geﬂ%re&lngﬁwm P E‘aﬁf 9P epﬂS%%ﬂl@f CHUIHE AEYIAP, Hedldeal s
for the anode, an adhesion of the anode and the organic conpound filmis
det er iSor ana@rials thas i tiapsparesriovihe Hight ds used/srRyn GFtinHaIIFNGEMNTIsGiTted
present invention, in the manufacturing step of the light emtting elenent
of the tdpomnictsonif,thé Tathedersidé bet AR3he AnodFRIRY itReteBy thalicheBhfifingg 20
effi'ciency of the light emtting el enment w thout deterioration of

char act erdegbicasv ¥ 1ovid}ege materials that is used conventionally. The
present inventi %n I's characterized in that a conductive film having |arge

wor k function achkight -.shi.el di abi | i | S use s .the nmaterial .of an
anode of a li 3%‘1%@%9{‘]%@“@1@}?8#?&1‘2% Ie#cf%hﬁga@ﬂe&’ieﬁ?%l&ﬁ%ﬂfédaﬁ?m thehavi ng
a light-shielding ability means that the 2 3 JAN 2r,, 46

anode side’is formed, one more manufacturing step must be added.

10 Further, if the anode is formed by using metal materials having a light
blocking effect, additional manufacturing steps are unnecessary. However, these
materials have smaller work function and spend higher material cost than ITO

~ which is used conventionally. In case of using metal materials for the anode, an
adhesion of the anode and the organic compound film is deteriorated in

15  comparison with ITO.

SUMMARY OF THE INVENTION

The present invention, in the manufacturing step of the light emitting
element of the top emission, is to provide means of improving a light emitting
20 efficiency of the light emitting element without deterioration of characteristics of
anode materials that is used conventionally.
The present invention is characterized in that a conductive film having
large work function and a light-shielding ability is used as the material of an anode
of a light emitting element.

25 In this specification, a film having a light-shielding ability means that the




-5- filmallows visible light to transmt at, a transmtta I t han
10% By using a light- shielding conductive filmas an angzg% “‘%{2{ gﬁﬁ@l , an
anode of a light emtting elenent can be forned at the sane tine a wire
for electrically connecting the anode to a thin filmtransistor
(hereinafter referred to as TFT) for d¢,Sving the light 5 emtting el enent

i s for nedfilm abows wisible light tortramsmiiv at andtansmittirgtofdesst thand 06&vi Bg using
Accordingly, the present invention is characterized by omtting the process

i form nightd shebtdihésdbicnige Fi ' Afdl i
0 or m adightd shigldifhédiictige Fitinasaftad iR Ihht‘éﬁal,%kﬁlr&db %f%q@g%ﬁl?{ﬁé‘ﬁ” 2

transparent conductive filmis used in prior art. conduct

this spec'f'h@%i f t fd ving a resisti ity of 1 X. 10-2 Qcrn
or |ess. %-[18 hcgﬂaﬁgggﬁrﬁr%q ea?itg Sllijdsl{egdﬁﬁ‘ﬁ3 f %glrﬁrtg’ eeﬁ?ct{lﬁgli%tqogﬁeﬁgbg épewor Kk
function eq(t)chelh tq.or.l arger. th?ﬁ the work function_of I TO or, 1ZO, _which
are used 3G to.3 Y8 film trapsistor (hergmafier sgferredyto asi Hgl) fardridng thaalighbr an
anode, injection of holes from the anode can be inproved ever nore. Al so,
wi th regat@ittiagederdert isvormed ithimnulroteringran activg masris dight emittingrdesiiad. i vity
than ITO It therefore can fulfil the 15 function as the wire descri bed

above andAcaordimple; tid\@relehy nvaltictoes cRafadfrizc@by oRmitliid Be §ir8BRAt of
conpared to prior art. Furthernore, the anode nmaterial used in the present

| nventi ongdriifd ASEMALHiClALACAR SAARNLRL, WHIIAL Sk d RUPE (ERIPILRI N0 &
| east one organi c tompoun 0 an anode forned from a tight-shierdirng
| m_ Thi,s is.20 oseg{iéi beﬁfuse he angde _.nmaterial of

conductiv tal fi up
the pr eser@usDERENBhI el Tn aist At <o 7 8 U SpaFIBicalior 85 ni ng
a metal (hereinafter referred to as r_?t al conpound) and nitrogen or carbon
cont ai nedtd dfifmdayman ressstpatef 1 8d4 1 Qcmopmless.coval ent bonds with car bon,
oxygen, hydrogen, or nitrogen contained in the organic conpound. This
| eadsl@ o a concThesanedd material nsehiufheqirasent ddvemtiondhis a2Fodnfiirictiog equeihent ,
formng a | ayer conprising at | east one organi c conpound on an
to or larger than the work function of ITO or IZO, which are used as an anode
material in prior art. By using this material for an anode, injection of holes from
the anode can be improved ever more. Also, with regard to conductivity, this
anode material is smaller in resistivity than ITO. It therefore can fulfil the
15  function as the wire described above and can lower the drive voltage in the light
cmitting element compared to prior art.
Furthermore, the anode material used in the present invention is superior in
adherence when laminated to a layer comprising at least one organic compound to
an anode formed from a light-shielding conductive metal film, This is
20 supposedly because the anode material of the present invention is a compound
such as nitride or carbide containing a metal (hercinafter referred to as metal
compound) and nitrogen or carbon contained in the metal compound locally forms
covalent bonds with carbon, oxygen, hydrogen, or nitrogen contained in the

organic compound. This leads to a conclusion that, in manufacture of a light

25  emiiting element, forming a layer comprising at least one organic compound on an




2 3 JM) 2906 -6- anode that is conposed of a metal conpourgji Q:ﬁ@ lor in
terms of filmformation to formng a |ayer conprising at Tea ‘%” organi c
conmpound on an anode that is formed froma nmetal film A structure of the
present invention disclosed hereinis alight emtting 5 device having an
anode, a cathode, and a |ayer conprisimég-at |east one organic conpound,
char act erd0dg that is gamposed phy aneta peitndyisssupesias in tesmsef dilm formagiopound -
is interposed between the anode and the cathode and that the anode is

formed oftoafomming adaygrocomiprifingtandeass onecdrgagicofompeurdl es antanodeahai ®N is a
light emtting device having 10 an anode, a cathode, and a | ayer

conpri si rikd fRAR W MB@A1 filigani ¢ conpound, characterized in that the |ayer
conprising at | east one organic conpound is interposed between the anode

bl ongi ng- 1 0. orda g, of[iesBRSER BSEh AR S pS BEIeR) 4f REPEL! Pulfinge o7

the present .i ni{en,tion IS light emtting device 15 having an anode, a
cat hode, S6YdCe hawpe,an: 3pode.<d fathede) anda layer spgiising ahieAsh@ne organic

characterized in that the |layer conprising at |east one organic conmpound is
i nt er pos expnaaunele nchdractaripett iandhath ¢he dized ecommatisihgt att Aeasanonte @mgahizi ns as
a netal conpound nitride or carbide of an el enent belonging to G oup 4, 5,

or 6 in dowepaeid Rdinferpétidebetd@enR REHAS ahd Ahe BtHde M P ARNAnddRNt | on
is alight emtting device having a TFT provided on an insulating surface

and a |i %Em@%?faixg&aﬁk@@g%m characterized in that the light emtting

el enent has an anode, a ode, and a layer conprising at |east one

' hat, t TEr i I ically. ted. to t de, d
oAt o Cop oot Plab e f e a2

10  an anode, a cathode, and a layer comprising at least one organic compound,
characterized in that the layer comprising at least one organic compound is
interposed between the anode and the cathode and that the anode contains as a
metal compound an element belonging to Group 4, 5, or 6 in the periodic table.

Another structure of the present mvention is a light emitting device

15  having an anode, a cathode, and a layer comprising at least one organic compound,
characterized in that the layer comprising at least one organic compound is
interposed between the anode and the cathode and that the anode contains as a
metal compound nitride or carbide of an element belonging to Group-4,'5, or 6 in
the periodic table.

20 Another structure of the present invention is a light emitting device having
a TFT provided on an insulating surface and a light emitting element, characterized
in that the light emitting element has an anode, a cathode, and a layer comprising
at least one organic compound, that the TFT is electrically connected to the anode,
and that the anode is formed of a metal compound.

25 Another structure of the present invention is a light emitting device having




25 Anot her structure of the present invention is a light emtting device
having 2 3 JAN 200,06 -7- a TFF provided on an insul ati n@ 3uli%@end a
light emtting elenent, characterized in that the light emtting el enent
has an anode, a cathode, and a | ayer conprising at |east one organic
conpound, the TFr is_electricall ywmonnected to the anode, and that

t he anode? d&r Brovideskom apinsulatingsustace andralightiemjtting elesenttchapdaterifady 5 -
to Goup 4, 5 or 6 in the periodic table. Another structure of the present
i nvent i onini thahthd Hpht emitting referdet les haghode, ascallfodep afid i adR e BoMPprising

i nsulating surface and a light emtting elenent, characterized in that the

l'i ght 1 41t i ) " ; LS| t

| east onc or ganr e e romplly R TR BARLIBNN, SondeRi CORRONES, .0
de, 10 I d t ai t al itri

car i e ofeairab it Ry AR R eGPl smpfiSB Ay trmiept beBuEing: abi o

In the above st r%’g ures, ilhe present invention is characterized in that an
anode ¥ s WIPHRHP ’é’rré‘t“é g peripdif tahlea resistivity of 1 X 10-2 @mor |ess.
In the above structures, the present invention is characterized in that an
15 anode is f orAmethof stuctateeof tic prasdm gneentionkis fadigltienrittdig device Yaoingnor e. -
In the above structures, the present invention is characterized in that an

anode is 4 OFTastoefdedrsh &eimalamofsuomick Qﬁd%ﬁ%ﬁ At SRS nL chhtdcAtiAdl

nitride, zirconiumnitride, titTanium carbi zi rconi um car bi de, tantal um
nitride, ihambatHen ' | tyide nol enum car.bi de. 20
In addition to #h@leglgg%rgiéﬂg re %ﬁg@?%{éﬁ%{%g&%ﬂzﬁvgw ?égﬁngcgmgpg@geri zed
in that e anode has a visible. light nsmttance of |ess than 10% when
t he anodeatt q%ﬁ?l’?gﬁ Gogatyc r?BP’éﬂouggnﬂ’@ﬁﬁbe quijﬁé E QC@#@aEWWPW@ tagheiapgde,and
that the cathode is forned froma light-transm ssive conductive film and
has #0i Angl af fhyenode contains as a metal compound nitride or carbide of an element

belonging to Group 4, 5, or 6 in the periodic table.
In the above structures, the present invention is characterized in that an
anode is formed of a material having a resistivity of 1 x 10" Qcm or less.

In the above structures, the present invention is characterized in that an

15  anode is formed of a material having a work function of 4.7 ¢V or more.

In the above sfructures, the present invention is characterized in that an
anode is formed of one selected from the group conmsisting of titanium nitride,
zirconium nitride, titanium carbide, zirconiufn carbide, tantalum nitride, tantalum
carbide, molybdenum nitride, and molybdenum carbide.

20 In addition to the above structures, the present invention is characterized in
that the anode has a visible light transmittance of less than 10% when the anode
formed of a metal compound has a light-shielding ability, and that the cathode is
formed from a light-transmissive conductive film and has a visible light
transmittance of 40% or more in this case. In order to secure a transmittance of

25 40% or more for the cathode, a conductive film highly transmissive of light is used




transmttance of 40%or nore in this case. In order to seﬂﬁejﬁg\; 2800
transmttance of 25 40% or nore for the cathode, a conductive fi FHYhi ghly
transm ssive of light is used 23 AN 2Cgg -8- and the conductive filmfor
formng the cathode is made thin to a degree that enables the filmto
obtain a conductivity high enough to df8ve the light emtting elenent. The
present | adihe senductiyes lmh@ragxrgung dhieqathddst ist made ghituto iavdegriet rthaf or
formng the cathode is forned of a material having a resistivity of 1 x

10" 2 Qcm emabdes thesfilmito d¢Htainpa %ﬁdﬁcti\l‘i?ehig'lpsmo andeiee ahe dightt @hditthip tti ng
element is formed of nitride or carbide of an elenent that belongs to

Goup 4, Sentb The Tﬁ?@seﬁ?’iﬁ‘%ﬁigﬁn m%f@&fchéfﬁ%ﬁe‘?iz ti{i'th&f)mr%;g f: chigy iy wor k

function of 4.7 eV or nore. unction o hese conmpounds can
be i nprov ven re l.trraviolef 10 .ray .rradiation.treatnent, in an
ozone at rrgogptﬁgﬁglg(nﬁ rcg% 13 fOLmg ?f @Hla{t%”éshwg Bi%ﬂ@lwiye%ﬁ‘éﬂ& hp@r
exanple, tifaniumnitride (TiN) has a work function of 4.7 eV, which can
be i ov@UB§ t he UV ozone treatnent to 5.0 eV or nore. Tantalumnitride

(TaN) can simlarly inprove its work function by the UV treatnent.

Convent i onal | ilphtheghreseEnd imvertiong an raabde iodlaslight enniefigg, slehedm g farencidoofl 5
Goup 5 or 6 inthe periodic table and these netals each have a work

function eiftridé @9 cattiae of-ah @Mm&mhﬁn@@lang@&@@@hp% 3N §riRSROpetiBYRNE | ON
is formed of a netal conpound and is supérior to themin terns of

I
i ecti h . : ti
| or ove B! UTtiGke ORI EbRlifouhRs ha3BH Sy AREIRE 7] Ly SERFhOE, AR
manuf act ur i a li r}]tfstﬁm tti n9 device . in cordance with the present

i nvent i on" O&h UG ¢35 e Gpmpopads can BeryBnrRY ed avisn dnere: hewltmolgh ode

10 ray irradiation treatment in an ozone atmosphere (hereinafter referred to as UV
ozone treatment). | For example, titanium nitride (TiN) has a work function of 4.7
eV, which can be improved by the UV ozone treatment to 5.0 eV or more.
Tantalum nitride (TaN) can similarly improve its work function by the UV
treatment. Conventional light-shielding anode materials are metals belonging to

15  Group 5 or 6 in the periodic table and these metals each have a work function of
less than 4.7 eV.  The anode material of the present invention is formed of a metal
compound and is superior to them in terms of injection of holes. Therefore the
'anode of the present invention can improve element characteristics of a light
emitting element.

20 In manufacturing a light emitting device in accordance with the present
invention, an anode is formed of a metal compound film and then the anode
surface may be subjected to UV ozone treatment to form a layer comprising at
least one organic compound on the anode.

Amnother structure of the present invention is a method of manufacturing a -

25 light emitting device, including: forming an anode on an insulating surface;




surface may be subjected to UV ozone treatnent to formal?lcgm 2@@)“ si ng
at | east one organic conpound on the anode. Another str he
present invention is a nethod of manufacturing a 25 light emtting device,
i ncluding: form ng an anode on an insulating surface; 2 3 JAN 2996 -9-

subj ecting. the anode syrface to UV ozorfe-treatment; forping a |layer

conpri si r@bﬁctlﬂgégg pngde seitaceniocU Yoorsmeriteabment doemingen layaticompnising at
cathode on the layer conprising at |east one organi c conpound, the mnethod
char act erleastcorien otgeaic @omgoghd -ahitled dnode;n®id fomeimgon edttiotleusie dhd dayerhe
anode. The light-shielding netal 5 conpound specifically refers to nitride

or carbi ddngridifly WCRER! ohdHra il Aipdithd, The URcthodSehihcibridl HInRER! 00 C

tabl e. The netal “conpound used I n the present 1nvention has a resistivity

of 1 x _ I | egs_tham .1 10- 2, Qcm,i n.cont.r.ast to nor mal
retal 1 e SRS cBRfbayfdlia Rl dw the Sictiecy Ty reniDing fasfily
10"4 m_However, th JIO net al comqaund has, a conductivity sufficient to
form an &PTHP %qul@rﬂlyemf@m iggnitdde g rgarkidscel arolament that helosgsdat i onal
anode material has a resistivity of 1 x 10-2 Qmor nore. Alight emtting
devi ce ofGrowg $hrieoebinithe pativdic table. be both an active matrix |ight
emtting device having a light emtting elenent that is electrically 15

connected to aTHeTmend confpvuat iRedh th pkésehi hﬁﬂ&?ﬁbfﬁ s QbR Avithidhl x

eni ssion obtained froma light emtting device of the present Tnventionis
e ther 110 ogfl ek AR B T SR 0Ro U nGMARAR IR
acconpan)éiﬂlgcie %{)Ial'lvgorr]lgﬁt which has a resistivity of less than 1 x 10 Qcm.  However, the
10 metal compound has a conductivity sufficient to form an anode of a light emitting
element since ITO that is a conventional anode material has a resistivity of 1 x 107
Qcm Or more.
A light emitting device of the present invention can be both an active
matrix light emitting device having a light emitting element that is electrically
15 connected to a TFT and a passive matrix light emitting device. |
-Light emission obtained froxﬁ a light emitting device of the present

invention is either light emission from singlet excitation or light emission from

triplet excitation, or both.

20 BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying draﬁings:
Figs. 1A and 1B are diagrams illustrating the element structure of a light
emitting device of the present invention;
Figs. 2A to 2D are diagrams illustrating a process of manufacturing a light

25 emitting device in accordance with the present invention;



Figs. 1A and IB are diagrans illustrating the el ement strucﬁﬁr@» | i ght
emtting device of the present invention; Figs. 2A to 2D are di Ig#’ﬁ@&
illustrating a process of manufacturing a light 25 emtting device in
accordance with the present invention; z JA PV 2466 - 10 Figs. 3Ato 3C are
di agr ans |Ilustrat|n ocess of maﬁaﬂacturlng ali emtting device in
accor dance wi t hFigse3 &@%@rq diagrams illustiaginga processdd ﬂB.Wfalctlll'mgtff Hghhg the.
el ement structure of a |lownolecular type light emtting device of the
present i emgttinigatevide ini apcofilanse avith th@r presddtlinkedntiont ng the el ement structure
of a high-nolecular type light emtting device of the present invention;

Figs. 6A to 6C pje fiagrf gieﬂ %nﬁﬁfﬁ%gn&e%l%gﬁfmﬁhﬁ?w ﬁ{d;éAanQr i ght

emtting device in accorc resent to 7C
are diagr . ess of .manyfacturing a light 10 emtting
devi ce in co%lgg’%@, m‘é%leehgfﬁ’reéygﬁ?m lﬂg‘gﬂlq“on Fi gs 8A and 8B are

di agr illustpating a process of manufacturing a ght emtting device
i n accdrdance V\j: teh X Hea giaggam: ijustrating dhe elgment QWC&HQ @Baélrl%h“m(dg? s
illustrating a process of manufacturing a light 15 emtting device in
accor danctypsilighttehattprgedevice ohthergresent ik @sion]0A t o 10D are di agr ans
illustrating el enment structures in a light emtting device of the present

i nvention; Fi gsFighlAnanbd iR afmgrdRPilkisei®ingfa probieseds MahifaeirRy ALkhOht
emtting devi ce;

emitting device in accordance with the present invention;

Figs. 7A to 7C are diagrams illustrating a process of manufacturing a light
10  emitting device in accordance with the present invention;
Figs. 8A and 8B are diagrams illustrating a process of manufacturing a
light emitting device in accordance with the present invention;
Figs. 9A and 9B are diagrams illustrating a process of manufacturing a
light
15  emitting device in accordance with the present invention;
Figs. 10A to 10D are diagrams illustrating element structures in a light
emitting device of the present invention; |
Figs. 11A and 11B are top views of a pixel portion of a light emitting
device;
20 Figs. 12A and 12B are diagrams illustrating the element structure in a light
emitting device of the present invention;
Figs. 13A and 13B are diagrams illustrating the structure of a reverse
stagger TFT;
Fig. 14 is a diagram illustrating a passive matrix light emitting device;

25 Fig. 15 is a graph showing results of measuring the work function value




}

20 Figs. 12A and 12B are diagranms illustrating the el erren? %t“’fﬁﬂ%tgﬁ@@ in a
light emtting device of the present invention; Figs. 13A and 13B are
diagrans illustrating the structure of a reverse stagger TFT, Fig. 14 is a
diagramillustrating a passive matrix light emtting device; 25 Fig. 15 is
a graph showi ng results of neasuring t+klwork function value 2 3 JAN 2006

t hr ough thyoughne treat ment; Figs. 16A to 16H are di agrans show ng exanpl es .
of electric appliances; Fig. 17 is a diagram show ng an exanple of prior
art; 5 Fi Y&V oz&@de reainik®B are graphs showi ng results of measuring el enent
characteristics of a light emtting elenent of the present invention; and

Figs. 19A and 1 s@l@?&ﬁqgﬁaﬁ@ﬁ‘%ﬁ%srﬁl%w&g 8’?5 Sdfél@&{i‘é:aﬁggﬁces

characteristics of a light emtting el enent e presen i-oh. 10
DETAI LED DESCRI ﬁg’&)?lgg THE PRI%FERRED EI\/BODIII\/E S [Enbodi nent Mbde] An
embodi nent node A% 2 SH2ETam, ShoR g An X aRly OhRTREEHr i bed with ref erence
to Figs. 1A and 1B. A light enitting device of the present invention has a
light ®nitting BE8md®A Wdhi8R aeesmphs sshoyongr wsahewf meamitng Elemast As
shown in Fig. 1A, an anode 102 is fornmed on a substrate 101. A | ayer

conpr i si ngharacteesiits aivelightgamitting elqnoem &f tDSpiesentineentiagtand t h t he anode
102, and a cathode 104 is in contact with the | ayer conprising at | east

one organi ¢ COPREUNYALQRd tﬂbeﬁeag&phﬁj ﬁﬁfvﬁﬁ%ffeg §§ ang{égﬁgré@g%lélﬁeﬁ@e

| ayer conprising at |east one organic conpound 1 ons are

L0t €0 SHBRAABSEI DRI, Ll K BEp SR chi | eost one

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{Embodiment Mode]

An embodiment mode of the present invention will be described with
reference to Figs. 1A and 1IB. A ligh.t emitting device of the present invention has
a light emitting element with an element structure shown in Fig. 1A.

15 As shown in Fig. 1A, an anode 102 is formed on a substrate 101. A layer
comprising at least one organic compound 103 is in contact with the anode 102,
and a cathode 104 is in contact with the layer comprising at least one organic
compound 103. Holes are injected from the anode 102 to the layer comprising at
least one organic compound 103, and electrons arc injected from the cathode 104

20 to the layer comprising at least one organic compound 103. The holes and the
electrons are re-combined in the layer comprising at least one organic compound
103, so that the layer 103 emits light.

The layer comprising at least one organic compound 103 has, in addition
to a light emitting layer, one or plural layers selected from layers that have

25  different functions for carriers, such as a hole injection layer, a hole transporting




el ectrons are re-conbined in the |ayer conprising at |east Zohel At gaea c
conpound 103, so that the layer 103 emts |ight. The |ayer conprising at

| east one organic conpound 103 has, in addition to a light emtting |ayer,
one or plural layers selected fromlayers that have 25 different functions
for carriers, such as a hole injectionl1&yer, a hole transporting 2 3 J AN
20R16 - 12]ayesyablogking davernan elopsion tansposiing dayers aanp antélegromimgectiond an
el ectron injection layer. These layers are laid on top of one another to

formthe layeer Theserlagenarataidlozawp eenoagahéctocforotsdaydtTonptisifie at ayer
conprising the organi c conpound 103, inorganic materials 5 may be used in

the hol e idase6hd 8hanRYE&m é,lﬂf-(f hgte transporting layer, the electron
transporting |layer, and tge el ectron injection |layer. For exanple, the

i norgani c nat ef] nb .dianpnd | i ke carbon ) . S, Ce r. oxi des
or nitrides co%?]lﬁezég’%rt(fﬁ?ﬁr&gg gﬁgn%rgﬁgl.c %?’BH%‘FR(& qbgc FRoJgapc @?Pel’{ﬁa?sand
the | in‘l,ge ma%/’ ge ggpro ri a}el_y_ doped with the inorganic materials. Further,
the i nor gBRYCOHased imthe hole dHcgion Jayessthenhole tinsporting layserthgeddeetron i s
conbined with the alkaline metal or the alkaline earth netal, or conpounds
or al | oystrahgporting laperpa@sddhefeledisme imettids laypanbFoedxampleatht nbtgan#n, Sn,
V, Ru, Sm and In. Above-nentioned naterials are one exanple, the

i |1 uni naniat@yaldecanf BE e Aidto P ATRP Chdod KDL@Z‘ Rt G drhexidel | Whftfde
functioning layers; the hole 15 injection transporting [ayer, the hole

ransportEasl el 4EPLERIARE | PIGESTH 0% N Spb 3Kt ARy Shectr o

transporting [ayer, em tting layer, e el 'ecl . Qyer,
i 1§ on, SREPHRSLY PR pith e AeSign RIS A, orF RIS BedhaERBls B IGaRon of
! heseltl) aygzgxf bg?:)%:ictl)ees, fn?trrir(rl%g,' and fluorides that is combined with the alkaline metal or
the aikaline earth metal, or compounds or alloys that are composed of these metals
combined at least with Zn, Sn, V, Ru, Sm, and In.
Above-mentioned materials are one exampie, the illuminant may be
formed by appropriately laminating the following functioning layers; the hole

15 injectioln transporting layer, the hole transporting layer, the electron injection
transporting layer, the electron transporting layer, the light emitting layer, the
electronic block layer, and the hoie block layer that are formed by the inorganic
materials. In addition, the mixed layer or the mixed junction that are a
combination of these layers may be formed.

20 The anode 102 is formed of a light-shielding metal compound. The
cathode 104 is formed from a light-transmissive conductive film and has a
transmittance of 40% or more. Therefore, light emitted from the layer
comprising at least one organic compound 103 is transmitted through the cathode

104 and exits to the outside.

25 In this embodiment mode, a metal compound refers to nitride or carbide of




20 The anode 102 is forned of a |ight-shielding netal co n T
cathode 104 is fornmed froma |ight-transm ssive conducti\r:??i‘?l%&daé@ﬁhas a
transmttance of 40% or nore. Therefore, light emtted fromthe |ayer
conprising at | east one organic conpound 103 is transmtted through the
cathode 104 and exits to the outside.-12&-In this-enbodi rent node, a netal
conpound #anesabelement that delangsdar@ionp 45,213 ihAhe pesiddic thBlea rMrtfdralslyement
that belongs to Goup 4, 5, or 6 in the periodic table. Preferably, the

met al confinuntbtils compeeadds fselittdd Froih OUE SROHI Sorsiding! of ikAiHMmifie de.
zirconiumnitride, titanium carbide, zirconiumcarbide, tantalumnitride,

compound Faco R piRey AT Akl e e LRSS P B3, Bl ™

function of ,titani.umnitride (Ti is 4.7 eV. The work function of the
net al conﬁ%"&ﬁ%ﬂ’%ﬂy@@erf%m@é’ %‘%H‘qiﬂ?@w G0y ol et ray irradiation
treatnent in an _ozone atnosphere (UV ozone treatnent) or by plasm

treatnent. Fi g. The mpwhsconegennd has areuetk ifaucticmanges.7i aViwor kmbremct Fan i n
.10 relation to UV ozone treatnent tine. The work function here is neasured

in the aexarhplephtht owbeictfzatticpestt HeadeRY niside9(TiRhoioal BV onTRpaghfkoscope
AC-2", a product of RIKEN KEIKI CO., LTD. Fig. 15 shows that the work

function ﬁfnctibht@f‘iﬂwhﬁitarlréd}ﬁ?ti_)ﬁpc\i RGh ¢ §ﬂ§nfo"\/9m reh rd %f?ﬂgvfu\f%tg}/z}yg

m nutes of UV ozone treatnen simlar increase in wor unct

of o1 ngt e TR Rirh i ipinet MRV BNERS Y PR R AT Y BT ough
WV ozone treatnent _ The_ results indicate that UV ozone treatnent has no
ef fect of TPHEeHs| Kig-wd? Shoyre resHts of meapariag ehangesgine wskpBimstionbin

I ncreases the work function of the netal

10 relation to UV ozone treatment time. The work function here is measured in the
air by photoelectron spectroscopy using “Photoelectron Spectroscope AC-2", a
product of RIKEN KEIKI CO., LTD. Fig. 15 shows that the work function of
titanium nitride is increased from 4.7 €V to 5.05 eV by 6 minutes of UV ozone
treatment. A similar increase in work function is observed in tantalum nitride.

15 In contrast to this, tungsten (W), a metal of single component, shows
almost no change in work function even through UV ozone treatment. The
results indicate that UV ozone treatment has no effect of increasing work fanction
of a metal of single component but increases the work function of the metal
compound of the present invention alone. |

20 Fig. 1B shows an active matrix light emitting device in which a TFT 105
formed on a substrate 101 and a light emitting clement 106 are electrically
connected to each other,

When manufacturing the active matrix light emitting device having a light

emitting element illustrated in Fig. 1A, a wire 107 is formed to input an electric

25  signal to one of source and drain of the TFT 105 and to output the signal from the




conpound of the present invention alone. 20 Fig. 1B shows %ﬁ %@i%@n&tri X
light emtting device in which a TFT 105 forned on a substrate 101 and a
light emtting elenment 106 are electrically connected to each other. Wen
manufacturing the active matrix light emtting device having a light
emtting elenent illustrated in Fig. 12A4-a wire 107 is forned to input an
electric OHfIg; gnal to one of source and drain of the TFT 105 and to out put
the signal fromthe 2 3 JA other. -14 2006 In this enbodi mrent node, the
anode 102 can dbuthie emdbodimentemode tht anotle 102 lvan doabkhwvinwine. FiSimildAto a

| ayer conprising at |east one organic conpound 103 and a cathode 104 are

| ayered ofthd Bfe 8HOEA ihTFigOTAl %tlﬁyéﬂq@oﬁlgﬁﬁ‘fh e 1k Qﬂl&%@ﬁ%@cerx@pcﬁﬂﬁ

description will be giveR with referen F| gs on a nmet od of

?ﬁQ“L?ZéE&PE. RN afF bbb P tle SR I8nST e i SHRLRI Pl 2,

The su ﬁﬁbe 201 10 has Ilght transm ssivity of and a gl ass substrate is
enpl o 201. A quartz substrate nmay be enpl oyed instead. The TFT 202
is for rred by a known nethod, and the TFT 202 has at |east a gate el ectrode
203, a source rbgvom Q@@,n[modrwulﬂ\ ber gigennwith Gefeaenteatc Fagm @A 103G vg 4 egi on
207. A gate insulating film204 is interposed between the gate el ectrode

R e T e T

the present invention.

In Fig. 2A, a TFT 202 is formed on a substrate 201. The substrate 201

10 has light transmissivity of and a glass substrate is employed for 201. A quartz

substrate may be employed instead. The TFT 202 is formed by a known method,

and the TFT 202 has at least a gate electrode 203, a source region 205, a drain

region 206, and a channel forming region 207. A gate insulating film 204 is

interposed between the gate electrode 203 and the regions 205, 206, and 207.

15 The channel forming region 207 is formed between the source region 205 and the

drain region 206.

~ As shown in Fig. 2B, an interlayer insulating film 208 with a thickness of

1 to 2 um covers the TFT 202. Openings are formed in the interlayer insulating

film 208 and then a film of a light-shielding metal compound (hereinafter referred

20  to as metal compound film 209) is formed on the interlayer insulating film 208 by

sputtering (Fig. 2C). The material of the intcﬂayer insulating film is an insulating

film containing silicon, such as a silicon oxide film, a silicon nitride film, or a

silicon oxynitride film. The interlayer insulating film may be an organic resin

film such as a polyimide film, a polyamide film, an acrylic film (including a

25  photosensitive acrylic film), or a BCB (benzocyclobutene) film.



As shown in Fig. 2B, an interlayer insulating film 208 V\Iit@@‘};m gh%ess of
1 to 2,umcovers the TFT 202. Openings are forned in the interlayér”
insulating film208 and then a filmof a |ight-shielding netal conpound
(hereinafter referred 20 to as netal conpound film209) is forned on the
Interlayer i nsu#ati ng . film 208 bg spuil%ﬂ ng Fi']%i 2C). The material of
the interlayer T¥stheafermption af ithe spctah compourg fikm|30% Shersi eam desusadcon,
such as a silicon oxide film a silicon nitride film or a silicon

oxyni t ri deitfifle ar cabide oft 22metal elementthat belgngs tonGreup 4e5,ar Cinghaiperiodii n
filmsuch as a polyimde film a polyamde film an acrylic film (including

a 25 photabiensPieforabBe thié ifetal |oBmpdtinda fiRGBis( PR YSingb uiameh hidim, 2 3
JAN 29,6 -15- For the formation of the netal compound film 209, there can

be used niitEdHBmOh; ke . t AL 4, 3,
or 6 in the perxlng%llhg&é’? ggﬁ%ﬂ lgrﬁrgfgé,g%fcﬁn?@ﬁgé arIr]BE al ‘@gﬁﬁﬁﬁﬂ}lﬁ?ﬁ%ﬁ@“?‘or med
using ditaniumnitride zirconiumnpitride, titaniumcarbide, zirconium
car bi de, Y%{hfiﬁ’ H}ﬂl}ﬁ‘?fﬂ"fﬂi“&bfl“{lﬁﬁt%‘| laﬂrybée%mbqaa'él}ienm ybdenum ni tride, or

nmol ybdenum car bi de. Next, as shown in Fig. 2D, the nmetal conpound film 209
is patterned toNeXip@mshowinria Bigl 2ihatheimetal eompovad |filo 808 ds tpaticinedttoe TFT
202. At the sane tinme, an anode 210 that doubles as a wire is fornmed in

the presefurm awend 20hthaflie eldctricallgnebrinketedrniodiic (IRIB 2020 Be thokime time,
simul taneously, elimnating a manufacture step 10 for form ng an anode.

Ei ther ofafladod®s 210 fitht ABHLKR Las & FAteNd g@ﬁﬂe(pfh RYGH ihPintldde PRt §Aal NO-

Next, insulating |ayers 212 are forned to cover ‘gaps between the anodes as
Showh L1 Pl 0y TEL B AR S danhd B9, |
I ayerg, art%r fcl)r5m§1agcar}1 :ian}d%. 2, umin thickness.
Either of dry etching and wet etching can be employed for the patterning.
Next, insulating layers 212 are formed to cover gaps between the anodes
as shown in Fig. 3A. The material used to form the interlayer insulating film 208
can be employed for the insulating layers. Preferably, the insulating layers are
15 each 1 to 2 um in thickness.
Next, a layer comprising at least one organic compound 213 is formed on
the anode 210 (Fig. 3B). The material of the layer comprising at least one
organic compound 213 can be a known low-, high-, or intermediate-molecular
based organic compound. An intermediate-based organic material can be defined
20  that an aggregate of an organic compound which does not have subliming property
or dissolving property (preferably, an aggregate which has molecularity of 10 or
less), or an organic compound which has a molecular chain length of 5 pm of less _
(preferably 50 nm or less).

A cathode 214 is formed on the layer comprising at least one organic

25 compound 213 to complete a light emitting element 215. In this embodiment




Next, a layer conprising at |east one organi c conmpound Zlﬂgsdggp@r%gg;g on
the anode 210 (Fig. 3B). The material of the |layer conprising at Teast one
organi ¢ conpound 213 can be a known | ow, high-, or internediate-nolecul ar
based organi c conpound. An internedi ate-based organic material can be

defined 20 th an aggr egat f an orgakit conpound which does not have
subl i m ngmﬁfisgﬁg%gmg’?at gb@ueaaw Gomepesing af leask eeaprggnicaomappindgildeisnhi ch
has nolecularity of 10 or |ess), or an organi c conpound which has a

nol ecul ar¢mktadnirbantercatiodn2 4 sidesand (herefoer izl gath@den214 préfesably héds aat hode
214 is fornmed on the |layer conprising at |east one organic 25 conpound 213

to conpl evigibde lightramimhittah69oL1%EHE mES(FiMERI s embodi ment 2 3 JAN 'n
-16- node, light generated in the |ayer cofprising at | east one organic

conmpound 213 is ' t t 2 Lde and. t.heref ore the

cat hode 214 pr e‘?eﬁ%ﬁ@ﬁﬂggﬁgmlvpgitg?e&ﬁﬁgﬁt %f‘% iﬁs%et p’fr‘\c}éa%og 'Sﬁlbﬁ/cl) B\COI#Dr e
(Fig. 30, A.preferred material of_ the cathode 214 is one that has a snall
wor k f%WEPEBﬁO’f BRPIoM et rrdion-plclectspnsdrom the cathoderldm s exammlpie 214.
For exanple, an alkali netal or alkaline earth netal is used alone or is
conbi ned 4 ekkadi mstal oraalkaling sarth motahis usadialene ooris tconflined avitlabtior. A
top gate TFT is used as an exanple in the description here. However, there

is no parmhtaniamtolﬁomntaalahﬁﬂatamitbﬁsrmmﬁ%ﬂ@g. invention is also applicable to
a 10 bottomgate TFT, a forward stagger TFT, or other TFT structures. Wth

this structure,Altb}gghteem:’rti@%sédagﬁﬁ%m%g&m@ae *’ﬁfﬁer{e.geﬁa% gyer

conpri sing at | east “one organi ¢ compoun can exi rom cathode 214
:: g:) ef Tl hy p%tti&(féjrt 1i161‘1|i4a%\6m.11nzg1(f nl% {)rieggxgt fn%efeltslgl? ity aisroogfnﬁlpc%b en?odg. 210
10  bottom gate TFT, a forward stagger TFT, or other TFT structures. |

With this structure, light emitted by recombination of carriers in the layer
comprising at least one organic compound 213 can exit from the cathode 214 side
efficiently without allowing the light to escape from the anode 210 side.

More detalied descriptions are given on the present invention structured as

15  above using the following embodiments.

Embodiments of the present invention will be described below.

[Embodiment 1}
This embodiment gives a detailed description on the element structure of a
20  light emitting element in a light emitting device of the present invention with
reference to Fig. 4.  Specifically, the element structure in which a low-molecular
based compound is used for a layer comprising at least one organic compound will
be described.
As described in Embodiment Mode, an anode 401 is formed from a

25 1ight~shielding metal compound film. The anode 401 in this embodiment is an




More detalied descriptions are given on the present inven?i;_,gzl itructured as
15 above using the follow ng enbodi nents. Enbodi nents of fi?wfeg&i&ﬁt
invention will be described bel ow [Enbodi nent 1] This enbodi nent gives a
detail ed description on the elenment structure of a 20 light emtting

el ement irl a light emtting device of thE-present invention with reference
to Fig. <ledrdselegitically conaceied fe s TET 202 ax i Fig. #6i, eindds foumeboeTilNar
based conpound is used for a |ayer conprising at | east one organic conpound
Wi ll  be bjespuitemng tosa dhickmebedfi hl(Emmdi Spotterifagaisednh@eockn $@ 1diodef or med
froma 25 light-shielding nmetal conpound film The anode 401 in this

gbodi neniputteriag, Rnbodbh gter doggb%féNfaiJ%éyi spLfiing, i thy likgnnect ed 10 a TFT

202 as in Fig. nd is for puttering to a thickness of
110 nm Sputtery S . C be diode sputtering,.,on _ beams tering,
opposi t e targetAggﬁ#tcgog?ﬁrgé,l ﬁgra%trlﬁ%s(%I%?e‘?rgﬁchawp%‘b‘”gﬂpgilﬁgfoﬂlf‘éa QE ®one
organisc corrﬁgu%[gl 40%. I S fgr{md on_the 5 anode 401. First, a hole injection
| ayer 240304 H{l-a Fiistetd Bpleomnieahionlaysy 495jhaving e Sindiiomeef Amproting anode
is formed. The hole injection layer 403 in this enbodinent is a copper

pht hal ocyiajtictien (afihobes frbin thewinddeaistfbiméde sFThehokDinjectionElaypod3 iwthiss used
here to formthe film Next, a hole transporting |layer 404 is fornmed froma

mat eri al dmbodigent @ 34@95-!31‘3 thm%cgrahﬁﬁﬂetmlﬁ'\:l PImARithi 4 Yhickleds§ oft BB nhay er
-DI'Ss

404 is forned of 4, N ( 1- napht hyl ) - N- phenyl - am no] - bi phenyl

(her ei nafg@‘{tpo_gﬁ{(ﬁ{{ngeaglggépsﬁ?%f%gﬁhevaporation to a thickness of 40 nm

Alight emtting | ayer next. In this enbodi nent, holes and

Next, a hole transporting layer 404 is formed from a material having
10  excellent hole fransporting ability. Here, the layer 404 is formed of 4,
4'-bis[N-(1-naphthyl)-N-phenyl-amino]-biphenyl (hereinafter referred to as
a-NPD) by evaporation to a thickness of 40 nm.
A light emitting layer 405 is formed next. In this embodiment, holes and
electrons are re-combined in the light emitting layer 405 to emit light. The light
15  emitting layer 405 is formed by co-evaporation of 4, 4'-dicarbazole-biphenyl
(hereinafter referred to as CBP) as a hole transporting host material and
tris(2-phenylpyridine) iridium (herinafter referred as Ir(ppy)s) that is a luminous
organic compound. The thickness of 405 is 30 nm.
Then a blocking layer 406 is formed. The blocking layer 406 is also
20  called as a hole blocking layer and prevents an idle current that does not participate
in recombination to flow when holes injected to the light emitting layer 405
accidentally pass through the electron transporting layer and reach the cathode.
In this embodiment, bathocuproine (hercinafter referred to as BCP) is deposited
into a film by evaporation to a thickness of 10 nm as the blocking layer 406.

25 Lastly, an electron transporting layer 407 is formed to complete the layer




el ectrons are re-conbined in the light emtting |ayer 3)8 J,%I@@s | i ght.
The light 15 emtting |ayer 405 is fornmed by co-evaporation of 4,

4' - di car bazol e- bi phenyl (hereinafter referred to as CBP) as a hole
transporting host material and tri s(czrgjgahenyl pyridine) iridium(herinafter
referred g%l r. %y_r%{g% that is a lumn -organj c conmpound. The thickness
of 405 i s“SYPHRT ast giiegaRys ¢orypoutha0? kayimg i ipmingte grduieng Theyer
406 is also 20 called as a hole blocking | ayer and prevents an idle
current t®lctraneBansporiing tiayepd0@ isi formedowbi manaterial capatde o @ccdmings
injected to the light emtting | ayer 405 accidentally pass through the

el ectron tleatropor tndig tlapygortiapd el&dfdnst he Inatthrdeembddinidai s tﬁeb%védiﬁ{xlf ;
bat hocuproine (hereinafter referred to as BCP) is deposited into a film by

evaporat i | f the ekl I £ 6, stly,
an el ect rgﬁ“%@éﬁ%%g?fﬁgg?535#’@89”‘?@# %rgn%"gh‘?%@gﬁ Iag%gmflﬁg Ihgg‘“’if'!a'@efs JAN
2006 -.18- Lsing,at .|l east one aor LG conp d 402 having a | am nate
struc:tSlurer.e(i‘(';r)[ﬁ(g‘li 't%?%%ll%grl?ytervﬁﬁg%ﬁﬂl“itﬁgﬁﬂéﬁj‘é‘fessﬂf@ggggn?-orned of a material
capabl e of accepting .electrons and transporting electrons. In this
enbodi ment , theﬁﬂfeétqaﬂwdeﬂ%ﬁww@medg layhke praeEnt inventionsdhoefcathode 408

tris(8-quinolinolate) alumnum (hereinafter 5 referred to as Alg3) by

evapor at i isnan eletmdecthacaHows Mghtremitivexfrona tieatdied e offitidisg f20r18md.oden t he
present invention, the cathode 408 is an electrode that alTows |ight

eni tted fo@ahid@ohfiRindC AR 16| Rnghit! SAF (RRFord 1§ 2R ek 'Hfo'zlnﬂ}aﬁgﬁ%lt 0 e

transmt and therefore is forned of a nateri a transm ssi ve of

t hod IS I f ionj ect i I .10 .t he |
compr i i roantisBL O HAT, PIHEAhou ads I S AR foRRN Bttintroning qt
f or froma,material .of smpll work function. [In order to nmake the work
f unction tgpi?hle H@’%M@lgﬁéﬂ}asﬁ PRE OB FrERPURG AP pad dhereferethas dr bei | m of

formed from a material of small work function. In order to make the work
function of the cathode small, this embodiment employs a 2 nm thick film of
calcium fluoride (CaF) that is fluoride of an alkaline earth metal. On this film, a
20 nm thick film of aluminum (Al) that has high conductivity is layered in order to

15 improve the conductivity of the cathode 408. The cathode 408 thus has a
laminate structure,

In this embodiment, a material having small work function ahd a highly
conductive material are layered to enhance the function of a cathode and at the
same time the laminate is made as thin as 10 to 30 nm to secure 40% or more of

20  transmittance for the cathode. However, the cathode is not necessarily made thin
as long as the material used can provide suffiéient function as a cathode and can
secure 40% or more of transmittance.

Figs. 18A and 18B show results of measuring element characteristics of a
light emitting element that uses a low-molecular based organic compound for a

25  layer comprising at least one organic compound. The light emitting element has




calciumfluoride (CaF) that is fluoride of an al kaline ea&%%é’@ﬁﬁ On this
film a 20 nmthick filmof alumnum (Al) that has high conductivity is

| ayered in order to 15 inprove the conductivity of the cathode 408. The
cathode 408 thus has a lamnate structure. In this enbodinent, a materi al
having small work function and a hi ght¥9-conductive material are |layered to
enhance t B8 @ngdetin ovhioh atitamivroddipfitinandt i dilmsahEiN ithet ishelighnihiclding s
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secure 40% 2pQfeilr 1 - Ehas. A l8A-and 18B show results of
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| ow- ol ecul,ar, basgd.or gani c. coppound for a 25 | ayer. conprising, at | east
one or gan’dieh o H?mTEE‘OF‘idShEBéﬁQ il @der?@nt'gﬁil@ are) fayeredbs Hhe an
anode in which a titanium (Ti) filmand a filmof TiNthat is a

| i ght -3hi Hght-pejclding anctabepmpound fin deer éxia EN diler schjopted sion Vabzomast

one organi ¢ conpound in which a Cu-Pc film an a-NPD film and an Al ga

filmare teyenad, g d8eatshowe i runmihasde ahhaktdiit! sprthielighpfAitiid m and
an Al filmare layered. The 5 light-shielding netal conpound filmhere is a
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characteristic of this light emtti In relationto voltage. Fig.

18B shows;: h cteriystic of . this light emtting element in

rel ation %lghf/l#'{tggé.efeFﬁéé‘ﬁrlggﬁllaﬁgnﬁ‘ﬁVPF@%‘?‘ 18A and 18B show that the |ight
emtting el emen,}r that . 10 sufficiently functions as carrier injection type
el enent is one fRACRFRULS 1R tfég%lr]i%an@déBaﬁj@W thagdhe hghhemgting wlemertsthat t he
ht em ssion (1 cd/nz), a sufficient

start of Ii
uf%ciently functions as carrier injection type element is one in which the drive

10 s
voltage is as low as 5 V or less at the start of light emission (1 cd/m®), a sufficient
amount of current flows upon application of voltage, and TiN is used for its anode.

A light emitting element having the same element structure as the one in
Figs. 18A and 18B is prepared. This light emitting element uses TiN for a

15 Iight-shielding metal compound film to which plasma treatment is performed.
Figs. 19A and 19B show results of measuring element characteristics of this light
emitting element. Fig. 19A shows a luminance characteristic of this light
emitting element in relation to voltage. Fig. 19B shows a current characteristic of
this light emitting element in relation to voltage.

20 The plasma treatment here employs ICP (inductively coupled plasma).
Specifically, in a processing chamber, an antenna coil placed on a quartz plate that
is in an upper part of the chamber is connected to an ICP RF power supply through
a matching box, and an electrode (lower electrode) opposite to the antenna is also
connected to a Bias RF power supply through another matching box. A TiN film

25  that is a light-shielding metal compound film is formed on a surface of a substrate,




anount of current flows upon application of voltage, and Zia\um Q%d for
its anode. Alight emtting el enent having the sane el enent structldre as
the one in Figs. 18A and 18B is prepared. This light emtting el enent

uses. TiNfor a 15 light-shielding netal conpound filmto which plasm
treat ment rlgf }g‘grfor med, Fjgs. 19A and 43B-show results of neasuring el ement
char act er? thessuhistigls & plaged onethetlowieg cdectrasle: in thegprocessingchamber fori nance .
characteristic of this light emtting element in relation to voltage. Fig.
19B showsplasmatreatmenthar acteristic of this light emtting el enent in
relation to voltage. 20 The plasma treatnment here enploys ICP (inductively
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Bi as wer ppl.y rou anot her tching box. ATiIiNfilm25 that is a
li ght s h?@ilgai %Kﬁg'fialé]%&ﬁﬁ%{h% {te| Bgia Boteint) 68rcamsand tiedlow ratesofShr at e,
2 3 JAN 20% 20- and the substrate is placed on the |ower electrode in the
processi ri§ sehigndfdrcannr  Apl B3 Ve of RFaporer is gimen fitoms the BiasR Frpotver anpglypl oy
one kind of gas or a conbination of plural kinds of gas such as N2, 02,

Ar, BC, tantie@d@er Elctriblie anlen®so Ve haRE :pﬂwef’ ifeffen bHe ARtnhiBeoi] ¢ af | oW
rate of BCl is set to 60 sccm and the flowraté O Cl2 is set to 20 sccm

A 100 W rg [ I ASe t wer
el cct rodd e a0hes b &F efeals B aol fRsiciin MRS (RUBa: of e dfrc
pressure . Pt 0 erat e, pl.as an erformplasm tre t an the
Purace b Db ke, PRRE At GG RusR Sl e bl prefkrbife o, 30
premrabI#5 éo 30 éo seconds. In the case of the light emtting el ement
showtl n §uds. 1dA thgFasgpf the light emitting element shown in Figs. 19A and 19B,

the treatment lasts 10 seconds.

Fig. 19A shows a luminance characteristic of the light emitting element in
~ relation to voltage. Fig. 19B shows a current characteristic of the light emitting
element in relation to voltage.

15 In this case, similar to the clement subjected to UV ozone treatment, the
drive voltage is as low as 5 V or less at the start of light emission (1 cd/m?) and a
sufficient amount of current flows upon application of voltage. In addition, the
luminance reaches 3000 cd/m” or more at a drive voltage of 15 V. Accordingly, it

is concluded that the element characteristics can be improved even more by plasma

20  treatment.

[Embodiment 2]
In this embodiment, one of the element structures of light emitting devices
of the present invention is described in detail with reference to Fig. 5. Especially,

25 the element structure formed by using high-molecular compounds to the layer




the treatnment |asts 10 seconds. Fig. 19A shows a |um nanc@@h@g;@m@g%stic
ows a
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of the light emtting element in relation to voltage. Fig. 19B sh
current characteristic of the light emtting elenment in relation to
voltage. 15 In this case, simlar to the elenment subjected to UV ozone
treatment, the,  drive voltage is as lowlas 5 V or less at the start of

li ght eni SIPRSINE ¥dessf oap@Iganie gpmpenadis dessibedof current flows upon
application of voltage. In addition, the |um nance reaches 3000 cd/ M2 or
nore at a driveAsahe¢miemedfinEmboditmamMbde) an andde 501 tdoemuddd thbakethhe

el ement characteristics can be inproved even nore by plasma 20 treatnent.

[ Enbodi negémpbuha filf ﬁaﬁﬁ@ﬁghmh,%r@é& the el enment structures of |ight

em tting devices of the présent Invention is described in detail with
reference to Fi : Lally, t-he .el enent structure f usi ng
hi gh- mol ecul ar %owg%ﬁlﬁggﬂﬁ%&{th%lel aﬁ@@? 5{@3?&0&{1@:@&%fegéygflggﬂgﬁﬁh’?ﬂgt

| east pne_organic nmpound | s described. As nmentioned in Enbodi nent Mde,
an anoﬁe Bﬁiﬂ?‘gnﬂ’éﬁoﬁ%dféyaq @tdr?é{“&ﬂ bycEa dadwveia thickagpsof 11Qmm vsivgld ng
effect. In this enbodi ment, the anode 501 is connected electrically to the

TFT 202 sputteringomathod. FiAs spdiertngimiethddsrused ibyhifadtiodlimaut tvot folakityess of
110 nmusing a sputtering nethod. As sputtering nethods used in this

enbodi mensputtetingpledtid, Yan ERUb&AT i spAHEHAEGHehdl, kOB SRULE ShkmGidEt hod,
an opposite targggt sputtering rretsf?gd, 0? the |1 ke. ﬂlpﬁ thi?lgerrb%di rr%s , a

l'ayer conpiekisdd)@rhe lif@St one organic conpound 502

In this embodiment, a layer comprising at least one organic compound 502
10  formed on the anode 501 has a lamination structure constituted a hole transporting
layer 503 and a light emitting layer 504. Further, the layer comprising at least
one organic compound 502 is formed by using high molecular organic compounds.
The hole transporting layer 503 can be formed using both of poly (3,
4-ethylene dioxythiophene), referred to as PEDOT hereinafter, and polystyrene
15  sulfonic acid, (referred to as PSS hereinafter), which is an acceptor material, or
both of polyaniline, referred to as PANI hereinafter, and a camphor sulfonic acid,
referred to as CSA hereinafter. The material is made into an aqueous solution
since the material is water-soluble, and then the aqueous solution is applied by any
coating method so as to form a film. In this embodiment, a film made of PEDOT
20 and PSS is formed to have a thickness of 30 nm as the hole transporting layer 503.
The light emitting layer 504 can be ma&e of a material of poly p-phenylene
vinylene, poly p-phenylene, polythiophene, or polyfluorene type.
As the poly p-phenylene vinylene type material, the following can be used:
poly(p-phenylene vinylene), referred to as PPV hereinafter, or poly[2-(2’-

25  ethylhexoxy)-5-methoxy-1, 4-phenylene vinylene], referred to as MEH-PPV




10 fornmed on the anode 501 has a | am nation structure cogfgittgked a hole
transporting l|ayer 503 and a light emtting |ayer 504. F€ i'g,gﬂﬁﬁe | ayer
conprising at |east one organic conmpound 502 is forned by using high

nol ecul ar organi ¢ conpounds. The hol e transporting |ayer 503 can be forned
using both of poly (3, . 4-ethyl ene di ox32-hi ophene), referred to as PEDOT
her ei naf t Beremgfternol \eaekyr enef ~ 15vhighf ontan acigive (r ebrmged t bimigeRSace;
herei nafter), which is an acceptor nmaterial, or both of polyaniline,
referred polyi2-(dialkoxyphenyld{l, e4-phendlene C aifiyliee]s uefaridc tachsl, ROPREEPYEd toO
as CSA hereinafter. The material is nade into an aqueous solution since

t he mat er {y@ich éarl/\@iv%rgrééﬁ Hﬁﬁﬁfs&%@et({ﬁﬁﬁﬁ?ﬂﬁ% aqueous solution is applied by

any coating method so as to forma h this enbodinent, a film nade
of PEDOT 20 and .si.forned t.o have a ihi ess, of . 30 nm as the e
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material of .poly p-phenyl ene vinylene, poly p-phenylene, polythiophene, or
pol yf Iﬁorgﬁ%ﬁ&?ﬁ&ls%“'? enylens), prefeaied| cioe as n Q‘IPé]yBZ y pereamatter apolw(Be
followi ng can be used: poly(p-phenylene vinylene), referred to as PPV

her ei naf t &rdihexoxyel y4-phéRylen@seathhyl whichxoan-divebldewbaynihescénphinthelike.
vinylene], referred to as MEH-PPV 2 3 JAN 2,006 -22- hereinafter, each of

whi ch can give Asafige poIFHIBERERC Sype PHtERal dird K 80 lchi Lbe4-uabgny! ene
vinyl ene], referred tobagﬂt R&h- PPV,ypewhi ch cgn gl vfe?mgbrwe]eg I%Irln r?gséégg'e, or

the like. L h t terj-ale the.f ]
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foll ow ng can he used: _pol ygS- al kyl t hi ophene), referred to as PAT

her ei Hhf t keremngdier, poly@ cyelobprdre)methylthiophene), referred to as PCHMT

hereinafter, poly(3, 4-dicyclohexyithiophene), referred to as PDCHT hereinafter,
poly[3-(4-octylphenyl)-thiophene], referred to as POPT hereinafter, or
poly[3-(4-octylphenyl)-2, 2-bithiophene], referred to as PTOPT hereinafter, each

of which can give red luminescence, or the like.
15 As the polyfluorene type material, the following can be used: poly(9,
- 9-dialkylfluorene), referred to as PDAF hereinafter, or poly(9, 9-dioctylfluorene),
referred to as PDOF hereinafter, each of which can give blue luminescence, or the
like, |
The above-mentioned material which can form a light emitting layer is
20  dissolved in an organic solvent, and then the solution is applied by any coating
method. Examples of the organic solvent used herein include toluene, benzene,
chlorobenzene, dichlorobenzene, chloroform, tetralin, xylene, dichloromethane,
cyclohexane, NMP (N-methyl-2-pyrrolidone), dimethylsulfoxide, cyclohexanone,

dioxane, and THF (tetrahydrofuran).

25 In this embodiment, the film made of PPV as a light emitting layer 504 is




referred to as PHT hereinafter, poly(3-cyclohexylthiophene referred. to
as PCHT 10 hereinafter, poly(3-cyclohexyl-4-nethylthi opheng‘? A gfzgd to
as PCHMI hereinafter, poly(3, 4-dicyclohexylthiophene), referred” o as
PDCHT hereinafter, poly[3-(4-octylphenyl)-thiophene], referred to as POPT
herei nafter, oc{ 11130I y[ 3-.(4- oct)fll Bhenyl—)z—'*z, - 2-bi thiophene], referred to as
PTOPT her &PHB§G k& haveae thicknessiof 88 man §onsequantiyuthienlageecmnprising tahdeast ke.
15 As the pol yfluorene type material, the foll ow ng can be used: poly(9,

9- di al kyl bnaooxgagjc, corfpeundd50D that AR Heméhanivht efructafe RRIMOYed of the
9-dioctylfluorene), referred to as PDOF hereinafter, each of which can
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cycl ohéxane, NI\IHG{‘Ntﬁ%FH odo 58y if dosmaerhe) In therpresgnt duyendiong since the light
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organi c CPa%(r) légr%p‘?g%gr gtcﬂagstteo%e organic compound 502, small work function material

10 is needed to form the cathode 505. Then, in this embodiment, the cathode 505 is
formed to be a lamination structure in which the cesium (Cs) that is alkaline-earth
metals is deposited to have a thickness of 2 nm in order to low the work function,
and aluminum with the high conductivity (aluminum) is deposited thereon to have
a thickness of 20 nm in order to raise the conductivity of the cathode 505.

15 In this embodiment, in order to improve the function as a cathode, small
work function materials and- high conductive materials are laminated to form an
ultrathin film having a thickness of 10 to 30 nm to secure 40% or more
transparency. However, if the material for forming the cathode has an adequate

function as a cathode, and 40% or more transparency, the film thickness is not

20  necessarily to be reduced.

[Embodiment 3]
In forming a element substrate, a method of simultaneously forming, on
the same substrate, a pixel portion and TFTs (n-channel TFT and p-channel TFT)

25 of a driver circuit formed in the periphery of the pixel portion and forming a light




t hrough the cathode 505, the materials that is a transpar@if Jig the |ight
Is used to formthe cathode 505. Moreover, since the cathode Soﬁﬁﬁ-nj ects
el ectron to the |layer conprising at |east one organi c conpound 502, small
wor k function material 110 is needed to formthe cathode 505. Then, in this
embodi ment , .Eﬂqe ciat hode 505.is formed-2%- be a | amination structure in
whi ch t heTBHEPG Rlement whigh isselscitigallyccannected ivethgl EFT satpigekpediont arehave a.
thickness of 2 m in order to low the work function, and alumnumwth the
hi gh conddescribed yn detailniithimyferencd ep Figd. &ctotthizr thiwembodiavent. aNdié tHapgias of
20 nmin order to raise the conductivity of the cathode 505. 15 In this
enbodi merthis | émbbdifiont 0 IPr eMANhDE cletici MAvAp e ARl WBHibed K
erial’s amnated to form an

function materials and hi gh conductive nat are
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t ranspar ency wever, i material for formng the cathode has an

adequat e funcgﬂg.oq asﬁ@écat ho(fe, and 48% or nore tranpsparency, the film

t hi ckrless is ndiifSiofp fUis £aabodipent,qa isabsisate i) 19 Bgch W hisht issmade freni ng a
el ement substrate, a nethod of sinultaneously formng, on the sane

subst r at eglags, gugke(as fwrimioo bozowilicatd pfassrorclarmetm Hotositidate; ctymesaited BY) 25
of a driver circuit forned in the periphery of the pixel portion and

form ng asulchgistCedng 6059 phigs ah@ AT 7WhiNdle itBatChe te §uttdae 60MNEeted to
the TFT at pixel portion are described in detail with reference to Figs. 6

to 9 in tfy i : st | M0ty i L Lting
el enent ha\}isl%gﬁtaﬁlgf gﬁi Ba&dglfiefetggg@?)?%% ﬁsn@éﬁﬁg@?%@g&}&é’g ?‘?“f gﬂ‘%&k 5
First, i .S, enhodi nent,, substrate 600,is. used, which is nade from
0l nos oM iOHE Tl A SRR Skuate) nhiing, fetl ACISTARGE uB I0CesS
represented b}/ such as Corning #7059 gl ass and #1737. Note that, as the
substiVat éer@@@,atglﬁseq hjssembodiment may also be used.

Then, a base film 601 formed from an insulating film such as a silicon
oxide film, a silicon nitride film or a silicon oxynitride film is formed on the
substrate 600. In this embodiment, a two-layer structure is used as the base film -
601. However, a single-layer film or a lamination structure consisting of two or

15  more layers of the insulating film may be used. As a first layer of the base film
601, a silicon oxynitride film 601a is formed into a thickness of 10 to 200 nm
(preferably 50 to 100 nm) using SiH,, NH;, and N,O as reaction gases by plasma
CVD. In this embodiment, the silicon oxynitride film 601a (composition ratio Si
= 32%, O = 27%, N = 24% and H = 17%) having a film thickness of 50 nm is

20 formed.

Then, as a second layer of the base film 601, a silicon oxynitride film 601b
is formed so as to laminate thereon to have a thickness of 50 to 200 nm (preferably
100 to 150 nm) using SiH, and N,O as reaction gases by plasma CVD. In this
embodiment, the silicon oxynitride film 601b (composition ratio Si = 32%, O =

25 59%, N = 7% and H = 2%) having a film thickness of 100 nm is formed.



not particular linmtation if the substrate is transparent 2% A Jnght
even a quartz substrate can be used. A plastic substrate havi ng heat
resistance to a process 10 tenperature of this enbodi rent may al so be
used. Then, a base film®601 formed froman insulating filmsuch as a
silicon oxide film a silicon nitride-26tmor a silicon oxynitride filmis
formed on the Materialsths 506 film60hi singletlaytrmedaminationdayeryef AKDNuAiN; e i s
used as the base film 601. However, a single-layer filmor a |am nation
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for med Trt],?n, as a second |ayer of the base film®601, a silicon oxynitride
fi | m 691bilmshavipg#a amporphous stragiusaby 2 kapwormethot{aespatteting knethed.odn 50 t o
200 nm (preferably 100 to 150 nm using Si H4 and N20 as reaction gases by
pl asma CVDPUVDt methodnbodi mptasma tG¥Ds ithéthod), oanhiaké i sibjdctédnt604 tknown

(composition ratio Si = 32% 0 = 25 59% N=7%and H= 2% having a film
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formed into the thickness of from 25 to 80 nm (preferably 30 to 60 nm). The
material of the crystalline semiconductor film is not particularly limited, but it is
preferable to form the film using silicon, a silicon germanium (Si;Ge, (x = 0.0001
to 0.02)) alloy, or the like.
15 In this embodiment, 55 nm thick amorphous silicon film is formed by
plasma CVD, and then, nickel-containing solution is held on the amorphous silicon
film. A dehydrogenating process of the amorphous silicon film is performed
(500°C for one hour), and thereafter a thermal crystallization process is performed
(550°C for four hours) thereto.  Further, to improve the crystallinity thereof, laser
20  anneal ireatment is performed to form the crystalline silicon film. Then, this
crystalline silicon film is subjected to | a patterning process using a
photolithography method, to obtain the semiconductor layers 602 to 605.
Further, before or after the formation of the semiconductor layers 602 to

605, a minute amount of impurity element (boron or phosphorus) may be doped to

25 control a threshold value of the TFT.



met hod, or a thermal crystallization nethod using a cat alzlatJ‘&Ncﬂmgs
nickel). The «crystalline sem conductor filmthus obtained is patterned
into desired shapes to 10 obtain the sem conductor |ayers. The

sem conductor |ayers 602 to 605 are formed into the thickness of from 25
to 80 nm (preferahly 30 to 60 nn). The26material of the crystalline

sem conduct or fBEHA¢S Mt thearqase umdhers theniarpsiallingt semicendustosf dileblis t o
formthe filmusing silicon, a silicon germanium (Sil-,CG. (x = 0.0001 to

0.02)) al nepyfacturedidyl thedasekoerystal hieth@ijoekdimiet lased YAG hisek aadoyvinus
silicon filmis formed by plasma CVD, and then, nickel-containing solution

I's held o i b i : | S t he
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treatnent..is rfo Pedt formthe ¢rystalline silicon film Then, this
crysta | il%%htslﬁg%aé% rpm #rfassT osilator dsiconsdensed by eprmipiigabsysierdniosd hineax

phot ol i t hography nmethod, to obtain the sem conductor |ayers 602 to 605.

Further, besmorandois inhdiated foetht semacomducedt filne sAithooghitied conditiyes of 1Hhe2 t o
605, a mnute amount of inpurity el enment (boron or phosphorus) may be doped

to 25 Cm\}zsmﬂimﬁbﬁrmmﬂ te iitbperlPlselddfdThy -anZoperdh 200 cAf-whes Mes, in

the case where the crystalline sem conductor filmis manufactured by the

| aser cr : excy : 1 n I r a
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optical systeminto a linear beam and is irradiated to the sem conductor
fi1 mi0a tWhergrihe NeAG Atk is dised.oit i$ pppropriate that the second harmonic is used to

set a pulse oscillation frequency as 30 to 300 kHz, and a laser energy density is set

as 300 to 600 mJ/cm? {typically, 350 to 500 mJ/cm®). Then, laser light condensed

into a linear shape with a width of 100 to 1000 pm, for example, 400 pm is

irradiated fo the whole surface of the substrate, and an overlapping ratio (overlap
15  ratio) of the linear laser light at this timé may be set as 50 to 90%.

A gate insulating film 607 is then formed for covering the semiconductor
layers 602 to 605. The gate insulating film 607 is formed from an insulating film
containing silicon by plasma CVD or sputtering into a film thickness of from 40 to
150 nm. In the embodiment, the gate insulating film 607 is formed from a silicon

20  oxynitride film into a thickness of 110 nm by plasma CVD (composition ratio Si =
32%, 0 =59%,N = 7%, and H = 2%). Of course, the gate insulating film 607 is
not limited to the silicon oxynitride film, an insulating film containing other silicon
may be formed into a single layer of a lamination structure.

Beside, when the silicon oxide film is used, it can be formed by plasma

25 CVD in which TEOS (tetracthyl orthosilicate) and O, are mixed, with a reaction




crystallization should be properly selected by an operator?ﬁnﬁ,&ﬁw%%se
where the exciter laser is used, a pulse oscillation frequency is Set as
300 Hz, and a |aser energy density is as 100 to 400 mJ/cnR2 (typically 200
to 300 mi/cn2). In the case 10 where the YAG | aser is used, it is
appropriate that the_second harmonic i2Used to set a pulse oscillation
f r equencyPESSes @igthBa, & spbstrataitempesatre of &gy 300 s #00°Csambdisclagsdat t o
600 m)/cnR (typically, 350 to 500 m)/cnR). Then, laser |ight condensed
into a |iAechighs firagqueney H(13.56i MMHzpfpol@f densiBOGLND.5T &5 ®8aWLR2. 4@odl i S
irradiated to the whole surface of the substrate, and an overlapping ratio
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to 90% A gate insulating film®607Ts then forne or coverlng0

sem condu r 05., The gate insul atj | 607 is forned
from an iﬂfslﬁl13?1#%8@?%8;éﬁﬁﬁeﬁflgﬁl%%egpgﬁ%’ﬁaﬁ?g af%@@go éb/é) r sputtering
into a.fil mthini.ﬁness of from40 to 150 nm In the enbodi ment, the gate
insul aling fil mBefk AE Showhedn tKigm G sion then gate dnsplating ddnt 607, i mifirst

t hi ckness of 110 nm by plasma CVD (conposition ratio Si = 32% 0 = 59% N
= 7% andcenducpivy filg ﬁﬁg@néea, seched ganductaufibh iGN drelforfod intd lamddatidny t ed
to the silicon oxynitride film an insulating filmcontaining other silicon

nmay be f otonkale afidbmahidkngbeol 20 &5 100 nd had108tb A00SHh UekpéQiveReS! ighhen
the silicon oxide filmis used, it can be forned by pl aéﬁ%ﬁlvfggcv%qmsvm\/\hi ch
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2006 -27- pressure of 40 Pa, a su rate tenper (
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°07, afi srpslfttering with a Ta target under an atmosphere containing nitrogen. Besides, the
W film is formed by the sputtering method with 2 W target. The W film may be
formed by thermal CVD using tungsten hexafluoride (WF).
Whichever method is used, it is necessary to make the material have low
15 resistance for use as the gate electrode, and it is preferred that the resistivity of the
W film is set to less than or equal to 20 uQcm. By making the crystal grains
large, it is possible to make the W film have lower resistivity. However, in the
case where many impurity elements such as oxygen are contained within the W
film, crystallization is inhibited and the resistance becomes higher. Therefore, in
20  this example, by forming the W film having high purity by sputtering using a
target having a purity of 99.9999%, and in addition, by taking sufficient
consideration to prevent impurities within the gas phase from mixing therein
during the film formation, a resistivity of from 9 to 20 uQcm can be realized.

Note that, in this embodiment, the first conductive film 608 is made of

25 TaN, and the second conductive film 609 is made of W, but the material is not




conductive film608 and a second conductive film 609 argigﬁ{ﬁvd into

| ami nation to have a filmthickness of 20 to 100 mm an %t 2090 nm
respectively. In this enbodinent, the first conductive film 608 made from -
a TaNfilmwith a film thickness of 30 ran and the second conductive film
609 made froma Wfilmwith a 10 filmtRBekness of 370 nmn are forned into

| ami nat i orﬂmﬁﬁ‘ga’ﬂﬁwmltWﬁheé’e%ﬂﬁéGlﬂhﬁr fidmumeay berfgrmed lofanTelement stlecteder an
at nosphere containing nitrogen. Besides, the Wfilmis formed by the
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usi ng tungsten hexafluoride (W6) Whichever nethod is used, it is necessary
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i mpurity elenments. such as oxygen are contained wthin the W film _
cryst aPi | PHPRUSHY elemeiiispch ag Phasphores may be usede HsontisalloyyRertaining Agf, or e,
in 20 this exanple, by formng the Wfilmhaving high purity by sputtering
using a tPsk&arcambe ngeda purity of 99.9999% and in addition, by taking
sufficient consideration to prevent inpurities within the gas phase from

m xi ng t her ei n Babiddsnany bembidatichahaR bk @nplayd EsichtdsVd EY¥mBinaiofTh Witien 20
| xQcm can be realized. Note that, in this enbodinent, the first conductive

o 0,58, e e, RGO 1 GRS Al
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ypi 1 R0 B9MEEF ymyumanifida (BN @i Soeomendugtive &l 609 is formed of
W, a combination in which the first conductive film 608 is formed of tantalum
nitride (TaN) and the second conductive film 609 is formed of Al, or a
combination in which the first conductive film 608 is formed of tantalum nitride
(TaN) and the second conductive film 609 is formed of Cu, or a combination in
15  which the first conductive film 608 is formed of W, Mo, or the combination of W
and Mo and the second conductive film 609 is formed of Al and Si or Al and Ti or
Al and Sc or Al and Nd, further, the third conductive film (not shown) is formed
from Ti, TiN or the combination of Ti and TiN,
Next, masks 610 to 613 made of resist are formed using a
20 photolithography method, and a first etching process is performed in order to form
electrodes and wirings as shown in Fig, 6B. This first etching process is
performed with the first and second etching conditions. In this embodiment, as
the first etching conditions, an ICP (inductively coupled plasma) etching method is

used, a gas mixture of CF,, Cl, and O, is used as an etching gas, the gas flow rate

25 is set 0 25/25/10 sccm, and plasma is generated by applying a 500 W RE (13.56



5 inpurity el enent such as phosphorus may be used. Al so, 23 ?I I oy
containing Ag, Pd, Cu can be used. Besides, any conbina

enpl oyed such as a conbination in which the first conductive f| I m 608 is
formed of tantalum (Ta) and the second conductive film®609 is formed of W
a conbi naM]_grs in which the first condue2®ve film608 is 10 formed of
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a conbination in which the first conductive film®608 is fornmed of tantalum
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f ormed of Oéﬁe\%"@ycﬂﬁy egtaﬁye ﬁﬁ'% cfﬁpﬂe and Nd, further, the
third onductl,izl(:ie'?(w1 g\(not ﬁj‘éﬁ s formed, fromTi, TiN or the

conbi t| on of fHmris\gtc Wdrst etehing camdifigae asd thesand partions or ned
using a 20 photolithography met hod, and a first etching process is

per f or mecfi hedlinse condudtvreniayet iscforomesinana tapededgshaps. s foule FirstFétchingB.
This first etching process is perfornmed with the first and second etching

condi t i onnditivdshitise erohde M@Btfor a¥ istdv®, 39 nfd/mfth Cﬂien&cﬁ Feltd ?&STams' cP
(i nductively coupled plasma) etching nmethod is used as m xture CF4,

CL2 and GR).53 riif/find and e SEREAGIO BT W RETHRSIS 4R trfgoo%@tkér ?ﬁ% t@q,e S
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et chi ng. dBEeet W EAnER 35, sl hedatsk RS cqhifiotea by Mt sushi ia B ettric
! nduit(lrl al Co. ’Il‘_l}e?eafltesf, gss ghown in Fig. 6B, the first etching conditions are changed
into the second etching conditions without removing the masks 610 to 613 made of
resist, a mixed gas of CF, and Cl, is used as an etching gas, the gas flow rate is set
to 30/30 sccm, and plasma is generated by applying a 500 W RF (13.56 MHz)
power to a coil shape electrode under 1 Pa to thereby perform etching for about 15
15 seconds. A 20 W RF (13.56 MHz) power is also applied to the substrate side
(test piece stage) to effectively a negative self-bias voltage. The W film and the
TaN film are both eiched on the same order with the second etching conditions in
which CF, and Cl, are mixed.
In the second etching conditions, the etching rate for W is 58.97 nm/min,
20  and the etching rate for TaN is 66.43 nm/min. Note that, the etching time may be
increased by approximately 10 to 20% in order to perform etching without any
residue on the gate insulating film.
In the first etching process, the end portions of the first and second

conductive layers are formed to have a tapered shape due to the effect of the bias

25  voltage applied to the substrate side by adopting masks of resist with a suitable



here. A 150 WRF (13.56 MHiz) power is also applied to the gtgoﬂt@aé si de
(test piece stage) to effectively apply a negative self-bras @I .5
The Wfilmis etched with the first etching conditions, and the end portion
of the first conductive layer is forned into a tapered shape. In the first
etching conditions, the etching rate 43~-Wis 200.39 nmmn, the etching
rate for $haps.s Tlgpangernfithiertapered pdrtoss ineayt beisetytool5Wia d5T.aNThess, fhetit
2.5. Further, the taper angle of Wis about 26 with the first etching
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method or an ion injecting .method. The condition of the ion doping method is
that a dosage is 1 x 10" to 5 x 10" atoms/cm?, and an acceleration. voltage is 60 to
100 keV. In this embodiment, the dosage is 1.5 x 10" atoms/cm® and the
acceleration voltage is 80 keV.

15 As j:he impurity element for imparting the n-type conductivity, an eclement
which belongs to group 15 of the periodic table, typically phosphorus (P) or
arsenic (As) is used, and phosphorus is used here. In this case, the conductive
layers 615 to 618 become masks to the impurity element for imparting the n-type
conductivity, and high concentration impurity regions 621 to 624 are formed in a

20 sclf-aligning manner. The impurity element for imparting the n-type conductivity
is added to the high concentration impurity regions 621 to 624 in the concentration
range of 1 x 10°° to 1 x 10! atoms/em’,

Thereafter, the second etching process is performed without removing the

masks made of resist as shown in Fig. 6C. The second etching process is

25 performed by third or fourth etching condition. Here, a mixed gas of CF,, Cl; is




shape conductive layers 615 to 618 (first conductive Iayeq@gGéﬁ& gﬁ 618a
and second conductive |ayers 615b to 618b) constituted of” Uhe*fi b
conductive layers and the second conductive |ayers are formed, by the
first etching process. 5 Reference nuneral 620 denotes a gate insulating
film and regions of the gate insulat+3y-filmwhich are not covered by the
first shapEedkahdiiceiching gonriheog® flow 618 iarset tadd0/80i svear, ind plgsnmxismat el y
20 to 50 nmby etching. Then, a first doping process is perforned to

add-an' i genarated tel epplging #1500 VPRE (135 MHz) poRe @ dusiil ¥idpy dlectidie
sem conductor |ayer wthout renoving the 10 nmask made of resist (Fig. 6B).
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accelesgatio voltage is 80 keV. 15 As the inpurity elenent for inparting

t he n=t yp@PRY fiyesgli-bias gokaght Thin W filmearshthe TaN dilouprelothfeteted
periodic table, typically phosphorus (P) or arsenic (As) is used, and
phosphor uen ithe sgext belee. with thbi thirdasiehirigheondifidie ih Wehicha@®) anf161,t fre618
become nasks to the inpurity elenment for inparting the n-type

conduct i viniged.and hi gh concentration inpurity regions 621 to 624 are forned
in a 20 self-aligning manner. The inpurity elenent for inparting the n-type

conductivity j ] ' oncentr.ation 'ngjg,r.it lons 621 to
624 in the con%i%@%g??%%%téhgﬁr%gk%&% @81% ng Jatp ti?rl ﬁiﬁ%ﬁ@m{ _,t%e
Thereafter,,,1he secon t chi ptocess is performed w thout renmoving the
masks madd® ‘F‘grfé‘i‘?i r i@ﬁsﬁoﬁﬂgﬁn t@.tﬁ@eﬁherﬁéché%m &hpbagnprceset byi s 25
performed by third or fourth etching condition. Here, a m xed gas of CF4,

a 2 19 o approximaelyslG g 20% in order to perform etching without any residue on the

gate insulating film.

Thereafter, as shown in Fig. 6C, the third etching conditions are changed
into the fourth etching conditions. Without removing the masks 610 to 613 made
of resist, a mixed gas of CF4, Cl, and O, is used as an etching gas, the gas flow rate

15 is set to 20/20/20 sccm, and plasma is generated by applying a 500 W RF (13.56
MHz) power to a coil shape electrode under 1 Pa to thereby perform etching for
about 20 seconds. A 20 W RF (13.56 MHz) power is also applied to the substrate
side (test piece stage) to effectively apply a negative self-bias voltage.

In the fourth etching conditions, etching rate for TaN is 14.83 nm/min.

20  Therefore, the W film etched selectively. According to the fourth etching process,
the second conductive layers 626 to 629 (first conductive layers 626a to 629a and
second conductive layers 626b to 629b) are formed.

Next, a second doping process is performed as shown in Fig. 7A. First
conductive layers 626a to 629a and second conductive layers 626b to 629b are

25 used as masks to an impurity element, and doping is performed such that the




used as an etching gas, the gas flowrate is set to 30/30 _'%8@%@2@ | asma
is generated by applying a 500 WRF (13.56 MHz) power to a coil g%e

el ectrode wunder 1 Pa to thereby performetching for about 60 seconds. A 20
WRF (13.56 MHz) power is also applied to the substrate side (test piece
stage) to.,effectively 5 apply a negativa2sel f-bias voltage. The Wfilm and
the TaN f ARRERRCIEBICAL @t%ﬁ@d 1o dhe s¢raicoaductor dkyer bietdw theetapaied poetios of)
conditions in which CF4 andCl2 are nixed. In the second etching process,
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etchigg gas, tﬂ, gals flowrate 15 is set to 20/20/20 scem and plasma is
generated by a SP% RY ePrsepirgieg- ppyriferegnens) oplaer 6348, avtuch bvetiapwith

el ectrode under | Pa to thereby performetching for about 20 seconds. A 20
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stage) to effectively apply a negative self-bias voltage. In the fourth
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the Wfilmetched selectively. According to the fourth etching proce
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629a and second conductive layer Ysecond

dopi ng process i.s,per med as.shown_in Fi;g. 7A  Fiyst_ conductive | ayers
626a t o 6%&0%8‘%%&80&%[ d%g'dﬁfcil veld éy%r@leszﬂé%lﬂﬁ/&ﬂégﬂ*‘w’@r, ths impwritys

masks, t o an irrpuritg el enent, and doping is perforned such that the 2 3 JAN
2005 10  element 1s added to the high concentration impurity regions 621 to 624 and the

high concentration impurity regions 635 to 638 are formed.

New masks are formed from resist (639 and 640), and a third doping
process is performed. Impurity regions 641a, 641b, 642a, and 642b, to which an
impurity element is added that imparts the opposite conductivity type (p-type)

15 from the single conductivity type (n-type) are formed to the semiconductor layers,
which become active layers of p-channel TFTs, by the third doping process. (See
Fig. 7B.) The first conductive léyers 627a and the second conductive layer 627b
are used as masks against the impurity element, the impurity element imparting
p-type conductivity is added, and the impurity regions are formed in a self-aligning _
20  manner.

The impurity regions 641a, 641b, 642a, and 642b are formed in this
embodiment by ion doping using diborane (B,Hg). Phosphorous is added to the
impurity regions 64la, 642a and impurity regions 642b, 642b in differing
concentrations, respectively, by the first doping process and by the second doping

25 process. However, doping is performed such that the concentration of the




-32- inpurity elenment is added to the sem conductor |ayer below the tapered
portions of the first conductive |layers. In this enbodi mnt?@f@w?&ws
(P) is used as the inpurity elenment, and plasnma doping is perfornme th
the dosage of 1.5 x 1014 atons/cn2, current density of 0.5 MA and the

accel erati,on voltage of 90 keV. 5 Thus;y3Bew concentration inpurity regions
631a to 63WMPUriEh| pmenk Whishwimparts Hetyper sonductifityt ito ecachy efs thendegions
concentration inpurity regions 631b to 634b, which do not overlap with the

first condecomes frayel x a6¢ foormed 0°h ammsgtin® ahhdNh&efordBi ProblER will
concentration of phosphorus (P) in the |ow concentration inpurity regions
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el enent is added to e gh concentrdtion I npuri regl ons

the high g@mﬁ\lgﬂﬂgx[gon i mpurity regions 635 to 638 are forned. New nasks
are forme romresist (639 and 640), and a third doping process is

per f or ged. Irrrpurl_jhty regions 64la, 641b, 642a, and 642b, to which an

i npurity el ement MFSTESISH &RASKR 39 #pdre4) ere reppved mextoantliet first tipterkayer
(p-type) 15 fromthe single conductivity type (n-type) are formed to the
sen condudnswlatingy &g, 643w fornivdcasrshawet iin FigageY s Iafthfx embod@hentFis thdy t he
third doping process. (See Fig. 7B.) The first conductive |ayers 627a and

the seconfirstointéiclayveidsakaingSBRA 649, 8hdIRRlimSioReals Jé‘%hﬁé& );f}qhg tgggie’fg{ Yo

el enent, the inpurity elenent inparting p-type conductivit _ _
e, b it s 8 AR B SR AU - G T,
641, 642 anGORRBIE PN DD, 642b i n difiering  concentratione.
o1 o0ell. " oeyehn Boing Hig penhping.ailcan i foraod besnpadaiviness of 106 1 he
200 nm, using plasma CVD or sputtering, as the first interlayer insulating film
643a. A silicon oxynitride film is formed with a film thickness of 100 nm by
plasma CVD in Embodiment 3. The first interlayer insulating film 643a is of
coursc not limited to the silicon 'oxynitride film, and other insulating films
15 containing silicon may be used in a single layer or a lamination structure.

Next, a process for activating the impurity elements added to each of the '
semiconductor layers is performed. Thermal annealing using an annealing
furnace is performed for the activation process. Thermal annealing may be
performed in a nitrogen atmosphere having an oxygen concentration of 1 ppm or

20  less, preferably 0.1 ppm or less, at 400 to 700°C, typically between 500 and 550°C.
The activation process is performed in Embodiment 3 by heat treatment at 550°C
for four hours. Note that, in addition to thermal annealing, laser annealing and
rapid thermal annealing (RTA) can also be applied.

Note also that, in Embodiment 3, nickel used as a catalyst during

25  crystallization is gettered into the impurity regions 635, 637, and 638 containing
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each of the regions becones from2 x 1020 to 2 x 1021 atons/cnB, and
therefore no problens will develop with the regions functioning as source
regions and drain regions of p-channel TFTs. 5 The resist masks 639 and
640 are rempved next, arﬁd a first interPdyer insulating film643 is formed
as shown ipﬁgﬂ?elqu‘?tatlan igh copgpEationnat the same timer a3 thevabpve agtivation ,
insulating film#643, the lam nation filmis formed fromthe first
i nsul at i n@TeGasmni peeformed.ai Whegickelicoanemtration tithite tlederhivendectontayers
insulating film 643b containing silicon and oxygen. 10 An insulting film
cont ai ni n¢hatimaiabnbéconOckh@mel Prmiflg Fe$ibhs Kdas rédyck0 e Q%Meg%ng
I'm a. A

pl asma CVD or sputtering, as the first interlayer 1nsulating

silicon O¥MAkhf § | ] Mt i Lhi ckn f 400 nm. b
pl asma CVD in En%geéllfu%c?\ntfbgrﬁ %gﬁgﬁl&t(ﬂﬁﬁ?éelr#og@iqg &?%’gﬁgttﬁl%%qr G @&éa"’i s of
coursegznot.Limted to.the.silican oxynitride film apd other insulating
films > 15“%%%%‘%‘%3‘%‘5 aEtesh meline 1S, obtained desauss) of they 8podersstitimityat i on
structure, Next, a process for activating the inpurity elenents added to
each of tH&ussgandpropgHiascandgaachi¢vedper f or med. Thermal anneal i ng usi ng an
annealing furnace is perforned for the activation process. Thernal
anneal i ng may bEurthex; ftle aetivitionapivictssogag 56708 PeefdimdvidisreforAiye the
concentration of 1 ppmor 20 less, preferably 0.1 ppmor less, at 400 to
700C, typfigdt! inerRebasniaiy 806, SHRfw sHAE b QR il ormed
54 bR Rl b el T S 5

I n Enbodi nent 3 by heat treatnent at 5
ddi ti NG, | | i id.th I i
(R canv2ik dHuRr B8 hefE it IOPEE-BRITR piffelibde neflyition Rictees afiged o

a cat st _duri . . P .
fé y Iformmg e interlayer insulating film (insulating film containing silicon as its main

constituent, silicon nitride film, for example) in order to protect the wirings and the
like, as in Embodiment 3.

The doping process may be performed, and the first interlayer insulating
film may be formed after performing the activation process.

15 In addition, heat treatment is performed for 1 to 12 hours at 300 to 550°C
in an atmosphere containing hydrogen of 3 to 100%, performing hydrogenation of
the semiconductor layers. Heat treatment is performed for one hour at 410°C in
an atmosphere containing approximately 3% hydrogen in Embodiment 3. This
process is one for terminating dangling bonds of the semiconductor layers by

20 hydrogen contained in the interlayer insulating film. Plasma hydrogenation
(using hydrogen excited by plasma) may be performed as another means of
hydrogenation.

Further, when using a laser annealing method as the activation process, it
is preferable to irradiate laser light such as that from an excimer laser or a YAG

25  laser after performing the above hydrogenation process.



25 crystallization is gettered into the inmpurity regions 6333 gﬂ; %d 638
containing 2 3 JAN 2006 -34- phosphorous at a high concentration a ¥90he '
sanme tinme as the above activation process is perfornmed. The nickel
concentration within the sem conductor |ayers that mainly beconme channel
formng regions is thus reduced. The vadde of the off current is reduced
for TFTs havi ngAciseennd interlayery insudatings filinu $48br ise flormedi next omi ¢he dirsttric
field effect nobility is obtai ned because of the good crystallinity. Thus,

good pr opinteileperc amsulmtingc filev 643a Huomhiisuldtivg 6l veifafiin®rEess Wity 2l so
be perforned before formng the first interlayer insulating film However,

when usi nehigkidsSiold 8 Gich By MAUAR GVD (t¥hihB 1 %S%@iﬁdnegﬁ% hablng S

preferable to performt act’i vati on process a

interl ayef g ating fd insul ating. fil ontaipning silicon as its, main
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W rings and i?ge J ke, gs i n Embodi nent 3. The dopi ngf_ process may be

per f ortedsylingHiding 67A3b 15 Rot Hmiled; toj the @bave mentionechiay apdnswatiag il er
performng the activation process. 15 In addition, heat treatnent is

per f or medcégaiming cother ksdicom anayB3de farndGDGntd @ sihghé egaher ea demigitivong
hydrogen of 3 to 100% perform ng hydrogenation of the sem conductor

| ayers. Hemsictuiregcat nent is performed for one hour at 410C in an atnosphere
cont ai ni ng approxi mately 3% hydrogen in Enbodi nent 3. This process is one

cont ai ned i ¢ horetis A BRBAT G inblifuaE FCOLH AL Y bR BnE Hi g
ydr ogenabr ShaEarRORrnSYAGRE Sl Fa5s8 Tl | ng met hod as. the
act! Vlaé Lon pr Ocﬁggf, plagsteming is performed in order to form contact holes for reaching

the impurity regions 635, 636, 637, and 638.

In addition, the first insulating film 643a and the second insulating film
643b are insulating film contained silicon forméd plasma CVD, so that dry etching
method or wet etching method can be used for forming a contact hole. However,

15 in this embodiment, wet etching method is used for etching the first insulating film,
and the dry etching method is used for etching the second insulating film.

First, the second insulating film 643b is etched. Here, a mixed solution
(Stella chemifa Inc., brand name LAL 500) contained 7.13% of hydrogen
ammonium fluoride (NH,HF,) and 15.4% of ammonium fluoride (NH,F) is used

20  as an etchant to conduct a wet etching at 20°C.

Next, the first insulating film 643a is étched. CHE, is used as an etching
gas, and gas flow rates are set to 35 sccm. An 800 W RF electric power is
applied at a pressure of 7.3 Pa, and dry etching is performed.

Wirings 645 to 651 and an anode 652 are formed that connect electrically

25  with high concentration impurity regions 635, 636, 637, and 638 respectively. In




I's preferable to irradiate |laser |ight such as that from ar2§x&% aser
or a YAG 25 laser after perform ng the above hydrogenation pro ﬂ 23 JAN
2 6 -35- A second interlayer insulating film®643b is forned next on the
first interlayer insulating filme643a frominsulating film containing
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et ched. Clgléﬁella%d"' ﬁ)er %p]aﬂsyigg aeg'(%] Wkr (13.56 MHz) power to a coil shape electrode

10  under 1.2 Pa to thereby perform etching for about 30 seconds. A 100 W RF
(13.56 MHz) power is also applied to the substrate side (test piece stage) to
effectively a negative self-bias voltage.

In this embodiment, the anode 652 is formed simultaneously with wiring
formation, and to serve a function as a wiring of high concentration impurity

15 region 638.

The insulating film is formed in 1 pm thickness. As material forming an
insulating film, a film containing silicon oxide is used in this embodiment.
Another films such as insulating film containing silicon nitride, or silicon oxide
nitride, the organic resin film, polyimide, polyamide, acrylic (photosensitive

20  acrylic is included), BCB (benzocyclobutene), or the like may also be used.

An opening portion is formed to coﬁespond to the cathode 652 of this
insulating film, and the insulating layer 653 is formed (Fig. 8B).

Specifically, the insulating film 653 is formed by that the insulating film is
formed in 1 um thick using a photosensitive acrylic, and after that it is patterned

25  using photolithography method and is performed etching treatment.




gas, and gas flowrates are set to 35 sccm An 800 WRF el gfbgwp§mer S
applied at a pressure of 7.3 Pa, and dry etching is perfor : r'mEs 645
to 651 and an anode 652 are formed that connect electrically 25 with high
concentration inpurity regions 635, 636, 637, and 638 respectively. In 2 3
JAN 2006 -36- this enbodinent, as matef3alts for formng wirings 645 to 651
and the anode 692 thecesingsed ianeden®Saratathe opewing poitight irbtheclusniptingflayer ar e
used. Specifically, a conductive nitride, an oxide, a carbide, a boride,
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group of the periodic systemcan be used. 5 However, wirings 645 to 651 and
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sinmul taneously with wiring fermation, and to serve a function as-a wring

of hi gh cev@potfidd la9er istaeuériibad with reRgbRet BBigs TRAkGIBDAting filmis

formed in Imthickness. As material forming an insulating film a film
noul ati ng 111 ol bR Wb ERTIOR s BE A Bhodd 1,2 T e
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10  layer comprising at least one organic compound 1002 has a lamination structure

constituted a hole transporting layer 1004, a light emitting layer 1005, and an

electron transporting layer 1006. As for the material that constitute red

fuminescent light emitting element and the thickness are illustrated in Fig. 10B, as

for the material that constituie green luminescent light emitting element and the

15  thickness are illustrated in Fig. 10C, and as for the material that constitute blue

| luminescent light emitting element and the thickness are illustrated in Fig. 10D
respectively.

First, a layer comprising at least one organic compound emitting red light

is formed. Specifically, a 4, 4’-bis[N-(1-naphthyl)-N-phenyl-amino]-biphenyl

20  (hereinafter referred to as the a-NPD) as a hole transporting organic compound is

formed into a hole transporting layer 1004 in a 40 nm film thickness. A 2,3, 7,8,

12, 13, 17, 18-octaethyl-21H, 23H-porphyrin-platinum (hereinafter referred to as

the PtOEP) as a luminescent organic compound is co-deposited to form the light

emiiting layer 1005 with organic compounds (hereinafter referred to as the host

25 materials) a 4, 4’-dicarbazol-biphenyl (hereinafter referred to as the CBP) to serve




An opening portion is formed to correspond to the cathode 2§2Jﬁﬂ! £ings
insulating film and the insulating |ayer 653 is fornmed (Fig. 8B).
Specifically, the insulating filme653 is fornmed by that the insulating film
is formed in 1 zmthick using a photosensitive acrylic, and after that it
S patternedh ﬁS usi ng phot ol i t hogr aphy38ret hod and is perfornmed etching
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| east dneClCHaRi Fanspoping dayeo2004da a 4dimedimotiackipse  Therehyen red
conprising at |east one organic conpound 1002 has a |l am nation structure

constitut hehesing layeacopiprisingati lagstont @@gania congpuundrdantberforiager 1005,
and an electron transporting |layer 1006. As for the material that

constitute red Aumnh%lem@easd bUIrnfAk tal fed0lupdiRERRbt i’dg/ér %Bﬁ:frﬁiﬁaﬁfé’%sﬁr e
illustrated in Fig. 10B, as for the material that constitute dfeen
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zm L,t L(?%. %ggq%gg%ybé ip\écg;,gﬁ% mgglﬁgg:})hgp%@%vfmg the red luminescence.

A green luminescent layer comprising at least one organic compound is
formed. Specifically, an o-NPD as a hole transporting organic compound is
formed into the hole transporting layer 1004 in a 40 nm film thickness. The light
emitting layer 1005 is formed by that a CBP used as a hole transmitting host

15 material is co-deposited with a tris(2-phenyl pyridine) iridium (Ir(ppy)s) in a 30
nm film thickness. A BCP as a blocking organic compound is formed into the
blocking layer 1006 in a 10 nm film thickness. An Alqg; as an electron
transporting organic compound is formed into the electron transporting layer 1007
in a 40 nm film thickness. Thereby, a green luminescent layer comprising at least

20 one 6rganic compound can be formed. B

Although the case of forming a green luminescent layer comprising at least
one organic compound using 4 kinds of organic compounds with different
functions is explained here, the present invention is not limited thereto, and known

materials can be used as the organic compound showing the green luminescence.

25 A blee luminescent layer comprising at least one organic compound is




20 (hereinafter referred to as the a-NPD) as a hole trans?c&d’u%lgg ani c
conpound is fornmed into a hole transporting layer 1004 in a 40 nmfilm
thickness. A2, 3, 7, 8, 12, 13, 17, 18-octaethyl-21H,

23H por phyrin-platinum (hereinafter referred to as the PtOEP) as a

| um nescepnt organj c gonpound i s _co-depod¥?ted to formthe light emtting
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materials) a 4, 4'-dicarbazol-bi phenyl (hereinafter referred to as the CBP)
to serve RaBpIANPOraic g@npasnd fseforoet inte thediph enditting layec kO@S i a AD
basocuproin (hereinafter referred to as the BCP) as a bl ocking organic
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one organi c conpound using 5 kinds of organic conpounds with different
f unct i onsin &4@:a50 Ailmcthiclmess. t Feensbpsehtuei lnmbnescent layencbmipirisirtgeat iehstr et o,
and known 10 materials can be used as the organi c conpound show ng the red

| um nescemxeorgangraapdund caskefdrrdedyer conprising at | east one organic
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materials can be used as the organic compound showing the blue light emission.

By forming the above-mentioned organic compounds on the anode, a layer
comprising at least one organic compound emitting the red luminescence, the
green luminescence and the blue luminescence can be formed in the pixel portion.

15 As shown in Fig. 9B, the cathode 655 is formed to cover the layer
comprising at least one organic compound 654 and the insulating layer 653. In
this embodiment, the cathode 655 is made from conductive film that is a
transparent to the light. Specifically, it is preferable that the cathode 655 is
formed by small work function materials in order to improve the electron injection
20  from the cathode 655. For cxample, materials can be selected from alkaline metal
or alkaline-earth metal, combinations of alkaline metal or alkaline-earth metal with
another materials, or alloys of another materials in alkaline metal or alkaline-earth
metal (for example, Al: Mg alloy, Mg: In alloy, or the like). In this embodiment,

the cathode 655 is formed to have a lamination structure in which calcium fluoride

25 (CaF) that is a nitride of alkaline-earth metal and aluminum that has higher




in a 40 nmfilmthickness. Thereby, a green |um nescent | %/ar,j,%; RhSi Ng at
| east 20 one organi c conpound can be formed. Although the case (’%gorm ng

a green |lum nescent |ayer conprising at | east one organic conpound using 4
ki nds of organic conpounds with different functions is explained here, the
present invention is not limted thereté)-and known materials can be used-
as the or §anRdeceghpeusitvesiodepepitcddheeenn | umi nescence. 25 A bl ue
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| um negcent | ayer conprising at |least one organic conmpound can_be forned.
Al 't houSh Orgay %W%réﬁ% aying| ydhickpresseelcdrmmy ayd ancyupineinnfjlmtor @ast
one organi ¢ conpound using 3 kinds of organic conpounds with different 10
functions sﬂgeleﬁnﬁmﬁ foethedethereonmvinges ditkney¢@fitl0ommi s not linited thereto,
and known nmaterials can be used as the organic conpound show ng the bl ue

li ght enission. ThBy, thecaitialectid FoARQY By Wit th e &b OfHRR h%%mfﬂﬁéshé?/ﬁn he
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condu% ! V?ngté:rli;? atnrc]laig ai cson%uctive film that is transparent to the light.
As shown in Fig. 9B, an element substrate having a light emitting element
656 that is composed of the anode 652 connected electrically to the current control
TFT 704, fhe insulating layer 653 formed between the cathode 652 and the anode
that is adjacent to the anode 652 (not illustrated), the layer comprising at least one
15  organic compound 654 formed on the anode 652, the cathode 655 formed on the
layer comprising at least one organic compound 654 and the insulating layer 653
can be formed.
Note that, in the process of manufacturing the light emitting device in this
embodiment, although the source signal lines are formed by materials which form
20 the gate electrodes, and although the gate signal lines are formed by wiring
materials which forms the source and drain eléctrodes, with relation to the circuit
structure and process, other materials may also be used.
Farther, a driver circuit 705 having an n-channel TFT 701 and a p-channel

TFT 702, and a pixel portion 706 having a switching TFT 703 and a current

25  control TFT 704 can be formed on the same substrate. -



transparent to the light. Specifically, it is preferable t?ﬁmﬁfﬂg cat hode
655 is fornmed by small work function materials in order t 2808 he ‘
el ectron injection 20 fromthe cathode 655. For exanple, materials can be
selected fromal kaline metal or alkaline-earth netal, conbinations of

al kaline nmetal or alkaline-earth nmetal-4a4+h another materials, or alloys

of anot her mat eFh&inschannel KHI HY. ofthe dventikalit 7S das the chatrel fofring .
exanple, Al: My alloy, My: In alloy, or the like). In this enbodi nent, the
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In this enbodinment, since the erated a emt né tgl enent

radi ates fih h t cat hode 655, t.he .cat hpde need 0 .he transparent to
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conprising at |east one 5 organic conpound 654 having a thickness of 2 nm
and ar al TRERIFREIPN BT 8rdrain xgjoper Fhe prahennel  HEH 70Rdvas dhe hanney farmingckness
of 20 nm Thus, the cathode is forned by ultrathin film thereby the

el e~t r oderegénn 5@, andghe imparisprgiomybt4laamd 641 diartehctibicasdiub@sdRgfhfs gran be
formed by another known material only in cases in which the material is a

smal | wordraintfgliony) 10 material and is a conductive filmthat is
transparent to the light. As shown in Fig. 913, an el enent substrate having

ol ectrically tothevicting FFE J03%s it BRnR3Ram 0 R PIX PRyl sovges
formed between e cathode 652 and the anode that is adjacent to the anode
652 (not TEIs r’sbgt é‘g“i oy goncgntratiopniippuiityg region bd3a kDD gegiogdriwhich
conpound 654 forpmed on the anode 652, the cathode 655 fornmed on the |ayer
conprlilsi rMyeatap| witht the first cgadiativeolayou 6886 Farming theegitaslecirodey thajew 653
concentration impurity region 633b (LDD region) which does not overlap with the
first conductive layer 628a, and the high concentration impurity region 637 which
.functions as a source region or a drain region.
The current control TFT 704 of the pixel portion 706 has the channel
15  forming region 504, the low concentration impurity region 634a (LDD region)
which overlap with the first conductive-layer 629a, the low concentratioﬁ impurity
region 634b (LDD region) which does not overlap with the first conductive layer
628a, and the high concentration impurity region 638 which function as source
regions or drain regions,
20 In this embodiment, the driving voltage of a TFT is 1.2 to 10 V, preferably
25t055V.
When the display of the pixel portion is active (case of the moving picture
display), a background is displayed by pixels in which the light emitting clements

emit light and a character is displayed by pixels in which the light emitting elements

25 do not emit light. However, in the case where the moving picture display of the



can be forned. Note that, in the process of manufacturing tQ% 'J*W?ﬁ
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gate signal lines are forned by wiring materials which forns the source and.
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circuit 7disphas ndthod Harubahgéd (ifveged e i Spechihlly; B%Ha?ﬂ&t&oihcﬂ&?h‘%ﬂ ,

i mpurity region 631 (GOLD region) which "overlaps wth the first “conductive
| ayer 626a; | Béhi i : te - el d h i

concent r b i T Which NEt LONIRE S ot MR LIS S s hafiefi Panfrgn o
drain regiQR. - channel . TET. 702 has the channel, formng region 502,
and e i AR ORptaved bY sl v i s e gmeais i b
drain reg'b(éﬁ{s The switching TFT 703 of the pixel portion 706 has the
channel f (aso galled srbasisgroundelispday)eoncent ration i mpurity region 633a
(LDD region) which 10 overlap with the first conductive | ayer 628a form ng
the gate el ectr dddstaildtbtoponrfacnstewdinst dfanpikelpurtiby iy @@vwanind&gb11A DRI £9i on)
whi ch does not overlap with the first conductive |ayer 628a, and the high

concent r atirout Hfﬁgwﬁxhttkerééﬂis%ﬂo@ﬁ%‘_lﬁ%cﬂﬁf UAgL. QASaRP }ﬁ?‘ dehdicd b;’ %éaﬁ‘g% *the

drain region. The current control 704 of “the pixel portion t he
channel efé?lréginﬂ%érﬁlg,j on 504, the |ow concentration inpurity region 634a
(LDD region

10 In Figs. 11A and 11B, a switching TFT 1100 provided on a substrate is

formed by using the switching TFT (n-channel type) TFT 703 of Fig. 9B.
Therefore, an explanation of the switching (n-channel type) TFT 703 may be referred
for an explanation of the structure.  Further, a wiring indicated by reference numeral
1102 is a gate wiring for electrically connecting with gate electrodes 1101 (1101a and

15 1101b) of the switching TFT 1100.

Note that, in this embodiment, a double gate structure is adopted, in which
two channc] forming regions are formed, but a single gate structure, in which one
channel forming region is formed, or a triple gate structure, in which three channel
forming regions are formed, may also be adopted.

20 Further, a source of the switching TFT 1100 is connected to a source wiring
1103, and a drain thereof is connected to a drain wiring 1104. The drain witing
1104 is electrically connected with a gate electrode 1106 of a current control TFT
1105. Note that the current control TFT 1105 is formed by using the current control
(n-channel type) TFT 704 of Fig. 9B. Therefore, an explanation of the current

25  control (n-channel type) TFT 704 may be referred for an explanation of the structure.




whi ch overlap with the first conductive | ayer 629a, the I02§oncentrat|on
I mpurity region 634b (LDD region) which does not overl ap h@m@ rst
conductive layer 628a, and the high concentration inpurity region 638
which function as source regions or drain regions. 20 In this enbodinent,

t he drivi& Vﬁltage of a TFT is 1.2 to4®-V, preferably 2.5 to 5.5 V. Wen
the displ 3% athelthoueh theosinglsngate sicudtyes tscadapted in Hbisnembadinpnt;t thee

di splay), a background is displayed by pixels in which the light emtting
el enent s daile ghtegimuctunel onthehiaiphcgsie siractlirs plagyuéd Byadoptal.s i n which the
light emtting elements 25 do not enmit light. However, in the case where

the moving pi ctRihdl] 8Rbaiceqsf hB%ufredt LASOHT iR d@'él@ém@ﬁ[} b@ﬁ.e'cfeds“ .

for a certain perlod or nore (referred to as a stan resent

Chat o o B ot P RRT, Bhe é@ﬂl?é%reoéﬁeeﬁ?cﬁv@ o gongRAP AR Dy [

di spl ayed I.xel emttin | enments emt |ight (also
called a ﬁ’rﬁp @Pg-m ﬁgﬁlﬁeﬁs t%@f%}ﬂb\&@l@@r i5 eleetrisgllngerncsiedpyitielas i n
which i ght emtting elenents do not emit |ight (also called a background
di spl ay) .cathefie bi09%iadicatedshy 4 deedstinict ure of a pixel portion is shown in
Fig. 11A, and a circuit diagramthereof is showmn in Fig. 11B. Figs. 1l1A

and 11B denot edAbyirings iifiicatéd bgrefgendtUivmala - 111@ ik Eﬁt@s&mrﬂngﬂc&ﬂié ckdB. 2
switching TFT 1100 provi ded on a substrate is fornmed by using the

oxpl 32%[‘?‘8%@?%%“‘?55@8&%& iﬁlg{%ﬁ?@ %:ﬁla?f S C?eef;% for
nuner al ar*%%ﬁé“-@?l@i% %ﬁﬂ@ﬂfﬁa R T T A

el ect rode(f gl (1101la and
rain thereot 1s electrically connected to the drain wiring 1104,

The erasing TFT 1111 is formed like a current controlling TFT (n-channel
type) 704 in Fig. 9B. Therefore, an explanation of the structure is referred to that of
the current controlling TFT (n-channel type) 704. 1In this embodiment, a single gate
structure is described though, a double gate structure or a triple gate structure can be

15 used.

At this time, a storage capacitor (condenser) is formed in a region indicated
by reference numeral 1113. The capacitor 1113 is formed by a semiconductor film
1014 electrically connected with the current supply line 1107, an insulating film (not
shown) of the same layer as a gate insulating film, and the gate electrode 1006.

20 Further, a capacitor formed by the gate ele‘cfrode 1106, the same layer (not shown) as
a first interlayer insulating film, and the current supply line 1107 may be used as a
storage capacitor.

The light emitting element 1115 shown in circuit diagram in Fig. 11B is
composed of the cathode 1109, a layer comprising at least one organic compound

25 (ot illustrated) formed on the cathode 1109, and an anode (not illustrated) formed on



15 1101b) of the switching TFT 1100. Note that, in this eghodinent, a

doubl e gate structure is adopted, in which two channel f&r 'ﬁ@ PBigi ons are
formed, but a single gate structure, in which one channel form ng region
is formed, or a triple gate structure, in which three channel form ng
regions are forned, nnﬁwgl so be adopt e#4-20 Further, a source of the

swi t chi ngHERYe1 68MpLising.dfeleasi Preqoigagis earapaund. ndn the peesentinvantinmgithe
thereof is connected to a drain wiring 1104. The drain wiring 1104 is

el ectri caraiodedd8tisconncdted with @ sivec ragien 310G dfaie region asftthe akreat TFT
1105. Note that the current control TFT 1105 is forned by using the current
control  ContebldingFFT Yp@3. TFT 704 of Fig. 9B. Therefore, an explanation of
the current 25 control (n-channel type) TFT 704 may be referred for an

expl anati on of fh N 2x - 43- . t hat ... al t hough the
single gate st r{}cte%@eté#gaaéhg%lt iéd&llpi?ﬁfs ?in%g ]té%‘%gaéﬁé’#t}lﬁé ﬁWi}' e&BHﬁﬁgegﬁﬁ'gEt
structure t triple gate structure mpy al so _be adopted. Further, a

sour ceyof lﬁ'?e gﬁrﬁ'@ﬁ&r{z éﬂ? PEYverrgarres petentialds supplicddp the powaesipply ling Vh a
current supply line 1107, and a drain thereof is electrically connected
with a 5AdpeERialiditfergnea bewese shelemntertpotentinl andiid pawdrld@rdespatbreid is cal | y
connected with a cathode 1109 indicated by a dotted line. A wring

i ndi cat edalwaysefigintaios] atumeh al ledtdltBai @au@esgﬁlteQi[_g\Ht ehiliGing IREHEE enfit lighf he
gate el ectrode 1112 of the erasing TFT 1111. Further, "a source of the

or 25110, ok Mdphirceleleb bt ROBBRE) SNk ASHEHEAET TRUPANE K 1107

and a 10 drain thereof is' e e drafn wiring 1104.

The er asi i rmed |j.ke a curf.ent nt.rolling TFT (n-channel
Ty SouboteMil A ind Sl EBotentisioa SOREN o BT HERE emifinrdai SE e
referred to that of, the current controlling TFT (n-channel type) 704. In
this %fﬁbomeﬁg}{tlpvgltg}n,}@[ @egns gt a power source p%ovided y an extemally—%ﬁaghed I1C

chip or the like. In the present specification, the power source supplying a counter

potential is referred to as the counter power source 1116.

[Embodiment 4]
15 Referring to Figs. 12, the external appearance of an active matrix type light
emitting device of the present invention will be described in this embodiment.
Fig. 12A is a top view of the luminescent device, and Fig. 12B is a sectional view
taken on line A-A’ of Fig. 12A. Reference number 1201 represents a source side
driving circuit, which is shown by a dotted line; 1202, a pixel section; 1203, a gate
20  side driving circuit; 1204, a sealing substrate; and 1205, a sealant. A space is
surrounded by the sealant 1205. |
Reference number 1208 represents an interconnection for transmitting
signals inputted to the source signal line driving circuit 1201 and the gate signal
line driving circuit 1203. The interconnection 1208 receives video signals or

25  clock signals from a flexible print circuit (FPC) 1209, which will be an external



structure is described though, a double gate structure orA@t@;i;_fgylr@@gate
structure can be 15 used. At this time, a storage capacitor (%: ser) is
formed in a region indicated by reference nuneral 1113. The capacitor 1113
is formed by a sem conductor film 1014 electrically connected with the

current s l.ne; 11Q7 n gsul atj nod?tl m (not . shown) of the | ayer
as a gate mgﬁ?ljé"éllrﬂﬁ]g 13(9 PW. ﬁ?ngﬁ?‘h’é ﬁ%g:‘lﬂdeéﬂlﬁ SR HEE eV IR b@?’idné‘,%ﬁ
capaci tor_fornmed b¥1 ahe ate electrode 1106, the sane |ayer (not shown) as
a first imegmestached o thisiHRC i The ligh eniitiing dewier referspdl yo lin the preSentmay be
used as a storage capacitor. The light emtting elenment 1115 shown in

circuit dspegitication may be tidbody oﬁdlmhglﬂcbml‘ttih%ldeﬁi%b,h@d@ 1Rt weheksin &
conprising at |east one organic conpound 25 (not iIIusPrat ed) formed on

t he cat hoERCkQOP WL AthcABA S tHawWddy, | | ustrated) formed on 2 3 JAN 2006
-44- the |layer conprising at |east one organic conpound. In the present

I nventg on, the . i ected. with a source region_and drain
r egi or? of the C,Il}‘rffrg@?&gglgi r%I{FeTgﬁlggélllg‘l'sef%gg?‘f ﬂrﬂ%ﬁeﬁc&d nto Kl | B,
supplied f@ t.he. anade . of thtﬁ light emtting elenent 5 1115. In addition,
the power RoHHEME TS and 'E%’Eéﬁﬁ?@@ﬂ are famegdpnethesubpirgtel 1240, tut tha
potential difference between the counter potential and the power source
pot ent i al&ate sidg daymgneirowitil 83 aatonsuafhthe dréviel difeaits cadsthe pikel sdogioh
emtting elenent to emit light when the power source potential is applied
to the pid2 meshbwada Fight2Bower source potential and the counter
potential are supplied to the light emtting device of the 10 present

chi por the | s RMCHEURLIRIIGE, POy MO b S SEeR A adbBI i o
a coypt ertyp@ PRl iy Eieﬁ-efleruﬁijelttgpg SI‘II"’PEIZCIEUQrteeéo t?mwﬁﬁ izof%iglgd.ll%%é
TFTs constituting the driving circuit may be composed of known CMOS circuits,
"PMOS circuits or NMOS circuits. In this embodiment, a driver-integrated type,
wherein the driving circuit is formed on the substrate, is illustrated, but the
driver-integrated type may not necessarily be adopted. The driver may be fitted
15  not to the substrate but to the outside.
The pixel section 1202 is composed of plural pixels including a
current-controlling TFT 1211 and an anode 1212 electrically connected to the
drain of the TFT 1211.
On the both sides of the anode 1212, insulating film 1213 are formed, and
20  a layer comprising at least one organic compound 1214 is formed on the anode
1212.  Furthermore, a cathode 1216 is formed on the layer comprising at least one
organic compound 1214. In this way, a light emitting element 1218 composed of
the anode 1212, the layer comprising at least one organic compound 1214 and the

cathode 1216 is formed.

25 The cathode 1216 also functions as an interconnection common to all of




[ Enbodi mnent 4] 15 Referring to Figs. 12, the external app a of an
active matrix type light emtting device of the present 2§Mﬁﬂﬁwll be
described in this enbodinent. Fig. 12Ais a top view of the | um nescent
device, and Fig. 128 s a sectional wi ew taken on line A-A" of Fig. 12A

Ref erence nurrbejesd ﬁgre.s I‘lltS a som¥®e side driving circuit, whichis
shown by the e .eleetgsally, connegted dhrqugh: the Jptercennpstion 1208 wether i vi ng

circuit; 1204 a seal [ ng substrate; and 1205, a sealant. A space is
sur r oundeHP Ey 30% seal ant 1205. Reference number 1208 represents an
I nterconnection for transmtting signals inputted to the source signal

l'ine driving cihcotder 18Gtabuet lifkt emi®ing &BAent 1218 f@frh&ﬂ'lﬁh fHeréHHs& 203.
The interconnection 1208 receives video signals or 25 clock signhals froma

fl exible t I rn 3 JAN 2666
L P npul P Qe st oSt Pl s b With th Sty %é@%ﬁ%ﬂa

board { P che his FRC. The ljght em fting, device

ref er rgedV@) i %&g ﬁlg&plp ﬁtsegng‘& ;kF’?]?: 8155 %Vvﬁtg?tﬁ@eﬁd ¢ selingubsirate
emttlngﬂidl or_.a product wherein an FPC or a PWB is attached to the
body. 5 T 4611@6% hgthﬁtlagﬂemmt RISectAw it gas sethiaenitrogearis fillpdt o

Fig. 12B. The driving circuits and the pixel section are fornmed on the

subst r at eint@ 1l spree 12608 ingidecths isddatt 120919 Ak thelkéaldR0B05 AN rbﬁﬁ
driving.circuits and the pixel section 1202 are shown in Fi g In the

gat e si deisdpie¥érablyCugeghi tT RS ig!
type TFT fgg?? andy; p- chan%%?éilil/%e TFT 1§2d1e§h‘h$1 %WEI nmgf %?Eg@uglf

T d f k
TFTS oSt Rl S bl B RS e,

driversintegrated , . .
SORRLE SIS T S mcorporate a material having moisture absorption effect into the

space 1207.

In this embodiment, as the material making the scaling substrate 1204,
there may be used a glass substrate, a quartz substrate, or a plastic substrate made
of fiber glass-reinforced plastic (FRP), polyvinyl fluoride (PVF), mylar, polyester

15 or polyacrylic resin. After the adhesion of the sealing substrate 1204 to the
substrate 1210 with the sealant 1205, a sealant is applied so as to cover the side
faces (exposure faces).

As described above, the light emitting element is airtightly put into the
space 1207, so that the light emitting element can be completely shut out from the

20 outside and materials promoting deterioration of the layer comprising at least one
organic compound, such as water content and oxygen, can be prevented from
invading this layer from the outside. Consequently, the light emitting device can
be made highly reliable.

The structure of this embodiment may be freely combined with the

25  structure of Embodiments 1 to 3.




wherein the driving circuit is fornmed on the substrate, i&gihdﬁﬂr ed, but
the driver-integrated type may not necessarily be adopted. The driver may
be fitted 15 not to the substrate but to the outside. The pixel section
1202 is conposed of plural pixels including a current-controlling TFT 1211
and an anode 1212 electrically connected to the drain of the TFT 1211. On
the both sides of the anode 1212, insulating film 1213 are forned, and 20
a layer c rising at |east one organic4tonpound 1214 is formed on the
anode 120BMbedimpentSore, a cathode 1216 is forned on the | ayer conpri sing
at | east one organic conmpound 1214. In this way, a light emtting el ement

1218 conposed oEmbwoldémemsde td 21dssctibe dndy@iveCRRRiE T%Iﬂﬁlight Rt OR&iQ 9ani ¢
conpound 1214 and the cathode 1216 is fornmed. 25 e cat hode 1516 al so

functi onshasingm tbptgt%E&W]!?CHdWev%?,{?ggWsﬁﬁ tuﬁ]oizthé ﬁ%n%9%911§§1553§ to

pi xels, and iS electrically connec t'hr oug e 1 nterconnectl

the F 1 I Q,.seal t I ght. emitting el ene 18 formed on
the s stﬁgﬁtgd t%}%@(?ﬁftﬁ&oggg} Sﬂ&%@?%ﬂ&%]&f@%ﬁ%%&ﬁ% iRY ai5e Beeal ant
1205. A spacer nade .5 of a resin filmnmay be set up to keep a given
interval %ﬁ@é&am&&@m ithey pressnt riaventiapes shewn fie FiggHS. erfittet rewgrsd enent
1218. - An inert gas such as nitrogen is filled into the space 1207 inside
t he seal asteggalbl Tymay tbe foaakd by ah®Ghethad. epoxy resin is preferably used.
The seal ant 1205 is desirably nade of a material through which water

T ol | owabl o £ L hcor por Bt o R R P S OB e
into the TepRceNbELthat the sealing in not conducted yet by sealing substrate. A source
10 side driving circuit 1301, a gate side driving circuit 1302, and a pixel portion 1303
are formed therein. Fig. 13B shows in section a region a 1304 of t.he pixel
portion 1303. The sectional view is obtained by cutting the light emitting device
along the line x-x’ in Fig. 13A.
Fig. 13B illustrates only a current controlling TFT out of TFTs that
15  constituted in a pixel portion 1303. Reference symbol 1311 denotes a substrate
and 1312 denotes an insulating film to serve as a base (hereinafter referred to as a
base film). A transparent substrate is used for the substrate 1311, typically, a
glass substrate, a quartz substrate, a glass ceramic substrate, or a crystallized glass
substrate. However, the one that can withstand the highest process temperature
20  during the manufacture process has to be chosen.
The base film 1312 is effective especially when a substrate containing a
movable ion or a conductive substrate is used. If a quartz substrate is used, the
base film may be omitted. An insulating film containing silicon is used for the

base film 1312. The term insulating film containing silicon herein refers to an

25 insulating film containing oxygen or nitrogen in a given ratio to the content of




In this enbodinent, as the material making the sealing substg%tﬁ éZS@E
there may be used a glass substrate, a quartz substrate, p é t4

substrate nade of fiber glass-reinforced plastic (FRP), polyvinyl fluoride
(PVF), nylar, polyester 15 or polyacrylic resin. After the adhesion of the

sealing s at o.the substrar®81210.with the sealant 1205, a
seal ant i gﬁgéé’%‘r is@g&iéf%ﬂgg, f Oglilggﬁr(){(lﬁg e 4 Filicon pim Bsﬁf » OhceSHicors
descri bed above, the dﬁé@hfq emtting elenent is airtightly put into the
space 12093Yayrge film (SIOKNynx angdist arepgbistasyriniegesah be compl etely shut out
fromthe 20 outside and materials pronoting deterioration of the |ayer

conprising at | Beftrencee synpaihi t31brdemored, asushems controllingoMEMtthands axygen,
can be prevented from invading this layer fromthe outside. Consequently,

the |ight pethianhthTFIRViNGtecMat, R tRRIGmBbEMohL %%@'1%-23335 r@hg ]téﬁ{iH{ng of

this enbodi nrent may be freely conbined wth the stru

Enbodi gren 23, A - | men digents 1 to 4 describe
an acti ve&%an#erﬂlttf()1 :,%?pé (fdlﬁg Cé%gm tﬁg“r%g?‘g%?ﬁ‘&i Tﬁ%\'(ﬁg&a fgﬁreggpett%a ver,
the TFT s ture qf e present inventionis not 5 limted thereto and
bot t om gaﬁ gﬂ #ﬁespie?‘ifﬁf’@amg?e fré’\?épacgl@flﬁlgw but-lsp mede Emogonishanrad THR
carrying out the present invention as shown in Fig. 13. The reverse

stagger TFTs nayhe&ursahedntsgllingy THEt h3k8 iFoompasal bf an dodiveviagsy whick | i ght
emtting device that uses bottomgate TFTs. Note that the sealing in not
conduct edcympribings sairce gegiohs13 B4, edrafn $0806€13 19 agll %a%%%l‘é fotenifiy MeRidn 1301,

a gate side driving circuit 1302, and a pixel portion _
1316, a gate insulating film 1317, a gate electrode 1318, a interlayer insulating
10  film 1319, a source wiring line 1320, and a drain wiring line 1321.

The switching TFT has a drain region connected to the gate electrode 1318
of the current controlling TFT 1313. The gate clectrode 1318 of the current
controlling TFT 1313 is electrically connected to the drain region (not shown) of
the switching TFT through a drain wiring line (not shown), to be exact. Thc gate

15 electrode 1318 has a single gate structure but may take a multi-gate structure.
‘The source wiring line 1320 of the current controlling TFT 1313 is connected to a
current supplying line (not shown).

The current controlling TFT 1313 is an element for controlling the amount
of current supplied to the light emitting element, and a relatively large amount of

20 current flows through this TFT. Therefore, it is preferable to-design the current
controlling TFT to have a channel width (W) wider than the channel width of the
switching TFT. It is also preferable to design the current controlliﬁg TFT to have
a rather long channel length (L) in order to avoid excessive current flow in the

current controlling TFT 1313. Desirably, the length is set such that the cﬁrrent is

25 0.5 t0 2 pA (preferably 1 1o 1.5 uA) per pixel.




are formed therein. Fig. 13B shows in section a region amm @pgi pi xel
portion 1303. The sectional viewis obtained by cutting the Iig mtting
device along the line x-x' in Fig. 13A. Fig. 13B illustrates only a
current controlling TFT out of TFTs that _ 15 constituted in a pi er portion

nsuiating Pf%fﬁ%%éw%B%eP?Eﬂ%ﬁz PR B O SRIME e
fil A t f th bstrate 1311, t I 1y,
ol ast” subtPRISAMEC 3413 Thened cbER doeslianly Sorarit swosmoraisiribyis0 '

crystallized gl ass substrate However the one that can withstand the
hi ghest pf%ggw)t»éﬁgi‘@ﬂ&'tlmefﬂﬁoTﬂﬁ'rqand)etsﬂeWHQnuf acture process has to be
chosen. The base film 1312 is effective especially when a substrate

containing a nAfblle tomemt cont@ANg THTY €353 Rstdrated, i iﬁéﬁia el'fins%l'cﬁﬁfgr tz
substrate is used, the base filmnmay be omtted. Anh insulating f

cont ai i ngiisi 138O fotakacshd Qﬁo&éﬁnﬁ) & &5 dhitdty c gpﬁ%‘g&ﬁ B he Shftknh?

filmcontaining silicon hereinre ers 0

oxygen or t he content of 2 3 JAN 2006, - 48-
silicon, s‘glclle%ﬁsl? ggnmj lggﬁ f‘?r&ﬁaﬁf 0 glsf ?mh?‘%gleéﬁtal masle 1423 r@fdiefhﬁlwmng)r a
silicon P nitride film (S OxNy: x and y are arbitrary integers).

Ref er ence lgérﬂ%p arg tpraedotletheasaine time andnsamot ImatgriakTAs e matedals of
p-channel TFT. Note that, in this enbodi ment, anode 1323 of light emtting
5 el enent an@kol1323, (tbﬁnqmuilmdivbifdnnhavmgtsnﬂ@mvbﬂim Fundtioh3is ﬁbﬁfrﬂil?ﬁﬁed.t he
anode 1323 are preferably nmade from p-channel TFT but al so nade from

n- channel Inlthis embb@ingetit! @RtanedB 1323 fohted Frbnl 243 | conposed of an active
| ayer which conprising source region 1314, drain region 1315 and channel

formpp region Afdlfhe SR ﬁi?&ukﬁiﬂeﬁgan ihfiddd i P4 it E S CleS18: 2

I nterlayer insulating

insulating film 1324 serves as a so-called bank.

A layer comprising at least one organic compound 1325 is formed next,
and the cathode 1326 is formed thercon. Materials for the layer comprising at
least one organic compound 1325 are shown in Embodiments 1 or 2.

15 The cathode 1326 is formed on the layer comprising at least one organic
compound 1325. Materials for the cathode 1326, transparent conductive film
having small work function are used. In this embodiment, the cathode 1326 is
formed by laminating Al having a thickness of 20 nm on CaF having the thickness
of 2 nm.

20 Therefore, the light emitting device having the reverse stagger type TFT
can be formed. In addition, in the light emitting device according to this
embodiment, the light is emitted in the direction shown by arrow of Fig. 13B
(upward).

Since the structure of the reverse stagger TFT is easier to reduce the

25 manufacturing step than top gate TFT, the structure have an advantage of reducing



10 film 1319, a source wiring line 1320, and a drain w rigﬁl i ne 1321. The
swtching TFT has a drain region connected to the gate el MQWS of
the current controlling TFT 1313. The gate el ectrode 1318 of the current
controlling TFT 1313 is electrically COﬁéljgcted to the drain region (not
shown) of thd hanEM A : © i L Ll .l i;ne_(not, .shown), to be
exact. The gat eﬁgugingjﬁég;te?%gh%isgﬂ%ggaa SI Fd;ll)%\%%lgﬁ g 1@%1}%%8?1& Byt t ake -
a nmulti-gate st sour.ce.w ring.line 1320 ,of the current
controlling TFTFQ%@E ﬁlge c,sg‘ﬂﬁgﬁé)é t?‘bs gm Qa}m@?‘h cany, 9p | ipplementsd thdteekhown) .
The current control [ing TFT 1313 is an element for controlling the anount

of currenf® B})‘Pgeﬂltbot%ﬁh‘gmth shawn tinngmbodiments hrid 4 exebptt theeTFIPar ge
amount of 20 current flows through this TFT. Therefore, it is preferable

t o desi gncenfgenatioant controlling TFT to have a channel width (W wider
than the channel width of the switching TFT. It is also preferable to
designSthe current controlling TFT to have a rather |ong channel |ength

(L) in order to avoid excessive current flowin the current controlling

TFT 1313. I «ithe length is set such that the current is 25 0.5 to
2 pA (pr eF@?IEBPgﬂ%MtGJ 1.5 pA) per pixel. 2 3 JAN 2PCS -49- |f the active,
| ayer (channel #gﬁlm n?fﬂ{g% ion, in particular) of the Cl'jr.rent controlling ™"
TFT 1313 is fortetMt i ?laegﬁ, BafAs§ 18owWhichip @assive wppe (dople amtix 6Ppex o 80
nm, degr]adati on of the TFT can be slowed. After the current controlling
TFT 1313 light emitting dreicenhavingyar demehiatiragurd ofi the pakeni $nveationdisand
anode 1323 that is electrically connected to the current <controlling TFT

1313 i s fmamefhctiradtisi desiibedi Wenmi reRigde &333gand. t hg \Fi%.i Rq rEfe?&c@ZO
are formed at the same time and sane nmaterial. As the mat@rials o anode

1323,10 heng@pectd0Cald 140034 Bt Tohs QldsAR JANGHT204L Sadifeed el ably used-
gompound film, respectively. In this embodiment, TiN is formed by sputtering as
metal compounds. Not shown in Fig. 14, plural anodes are arranged in the stripe
form in parallel with the paper. In the passive matrix light emitting device, since
the anode material is required higher conductivity than active matrix light emitting

15 device, it is effective that higher conductive metal compounds than ITO that is
used conventionally is used for the anode in reducing the driving voltage of the
light emitting element.

Banks 1403 made of an insulating material are formed to cross the anode
1402 arranged in the stripe form. The banks 1403 are formed perpendicularly to

20  the paper face to contact the anodes 1402.

Next, a layer comprising at least one organic compound 1404 is formed.
As the material which makes the layer comprising at least one organic compound
1404, a known material which can give luminescence, as well as the materials

described_in Embodiments 1 and 2, can be used.

25 For example, by forming a layer comprising at least one organic




In this enbodi ment, the anode 1323 fornmed fromA]. 10 Aftg t he anode 1323
Is fornmed, an insulating film1324 is formed. The insula g.thI {324
serves as a so-called bank. A layer conprising at |east one organl c
conpound 1325 is formed next, and the at hode 1326 is formed thereon.

Mat eri al s ONe S9 r| 5| Sast one an| c, conpound 1325 are
shown in én@égﬁﬁérélg&f Hﬂge C‘?‘za? gel fﬁi‘ﬁ’q Gt nisasto Ane harganifer
conprisin st .one organic conpound 1325. Materl als for the cathode
1326, tra %‘BBP%@S&%&&@qwbmlﬁmenﬁamdga daper icomprising atleasinoner ergagid. | n
this enbodi ment, the cathode 1326 is forned by |lam nating Al having a

t hi cknesscempgundrgiving Ghife hawinescdnke, 4 highk eesisingadevic 1v112@tﬁ|i'€6ftfaﬁékr@f t he
light emtting device having the reverse stagger type can be forned

I n addi ti Ritnink8cenle rays9tHn BT driicad %Hé%&}ﬁ%&r&'ﬂﬂﬂlﬁﬂ tape?lst @ﬂ;b

the light is emtted’in the direction sho ar row o upward).
Since 4 he, I f er. FT | asi er to reduce the
manuf aSE:t ur(lﬁr}gbl'glﬁdle 14 %e{:nh{[ﬁoseg t‘?%s_ertla %lss TR cﬁf‘gmlgag'@oé{ﬁs na e of

reduci ng , 06 - 50 the manufacturing cost which is the problem
to be sol éaéﬁ(s! ]nﬁ’t%h@lﬁza'r?&%fe}fl 04 isvisrangsd in ﬂmﬁﬂn@gorm perpsndicadarte the papérs
enbodi nent can ‘be i nplenented by freely conbining with the structure shown
in Enbodi¥#88ts | to 4 except the TFT's configuration. 5 [Erbodi nent 6] In
this enbodinent, a case in which a passive type (sinple matrix type)

Next, a cathode 1405 is formed on the layer comprising at least one

organic compound 1404. The cathode 1405 is formed by vapor deposition using
10  a metal mask,

Since the lower electrodes (the anodes 1402) are transparent materials in
this embodiment, light generated at the layer comprising at least one organic
compo.und 1404 is radiated upward (opposed to the substrate 1401),

Next, a glass substrate is prepared as a sealing substrafc 1407. Since the

15 sealing substrate 1407 may have transparency in the structure of this embodiment,
a substrate made of plastic or quartz may be used as well as glass substrate.

The sealing substrate 1407 is adhered to the substrate 1401 with a sealant
1408 made of an ultraviolet hardening resin. The inside 1406 of the sealant 1408
is an airtightly-closed space, and the inside is filled with an inert gas such as

20  nitrogen or argon. It is effective to put a moisture absorbent, a typical example of
which is barium oxide, in the airtightly closed space 1406, At last, a flexible
printed circuit (FPC) 1409 is fitted to the anodes to complete a passive type light
emitting device.

This embodiment may be carried out by combining materials except the

25  element structure (active matrix type) shown in Embodiments 1 to 5.




light emtting device having an el enent structure of the present invention
Is manufactured is described with reference to Fig. 14gg$ﬂg§%%@mé4,
reference 10 nunbers 1401 and 1402 represent a gl ass su rdt’ an anode
made of a metal compound film respectively. In this enbodinment, TiNis
formed by sputtering as netal conpounds. Not shown in Fig. 14, plural
anodes are arranged in the stripe formin parallel wth the paper. In the
passi ve nﬁ%ééx‘jight emtting device, SPACe the anode material is required

hi gher co ofliment Tlhan active matrix light emitting 15 device, it is
effective that higher conductive netal conpounds than ITOthat is used

conventional | y iBeingedelduntiheus2n® skt ehfiflie Mvidae usiniY h NHo¥O! f the
light emtting el ement. Banks 1403qﬁgade of g%l i nsul a’Pi n mat%rfg?ﬁgfn

|01 | canen AP SSmAP R AN Ml RECHD ToRRBARE 1

are formed perpendicularly t paper

1402. X I anpr.i si at. | east. one,  organi c_ conpound 1404 is

f or madg.\Ie , g@’“"'ﬁ%é’%ﬂ%’é?‘?%‘"&hi ?ﬂe@‘%@s veHgus glrciic applianges gan tbe) exmpletae
organic Cﬁn'%o,und 1404, a known material which can give |um nescence, as
vel | as t PEusRedhe dight emditing dsvics of theipsesemt mventioand 2, can be used. 25
For exanple, by forming a |ayer conprising at |east one organic 2 3 JAN
2006 -51- conpouiiveias expmslds lofanrstecteiocpplianteiiet ¢ J 8%t edfitti@ast
one. organic conpound giving green |um nescence, and a 1ayer conprising at

| east onedevieamaufAAIRAMadtoYdBde W AR the' PrORAE ﬁﬂ%ﬁggﬁ‘ fe%ér gfgﬁcﬁoe@rﬁéﬂgg 9

device giving three types of |umnescence’rays can I'nce ™t he
| ayers | oS 5N A% SRARI PheadiaORRtutnlat; SRREER Srsamna <
art arﬁFd zitundi(t) r}gpfsc}d’uic:Pn?g Elgéirgeé) ?gl{)C?lngé ?:Eajl! glrlditooaﬁdh3u§%pg(;mpohents), notebook
computers, game machines, portable information terminals (such as mobile
computers, cellular phones, portable game machines, and electronic books), and
image reproducing devices 'equippéd with recording media (specifically, devices
with a display device that can reproduce data in a recording medium such as a
15  digital video disk (DVD) to display an image -of the data). Wide viewing angle is
important particularly for portable information terminals because their screens are
often slanted when they are looked at. Therefore it is preferable for portable
information terminals to employ the light emitting device using the light emitting
element. Specific examples of these electric appliance are shown in Figs. 16A to
20 16H.
Fig. 16A shows a display device, which is composed of a case 2001, a
support base 2002, a display unit 2003, speaker units 2004, a video input terminal
2005, etc.  The light emitting device manufactured in accordance with the present
invention can be applied to the display unit 2003, Since the light emitting device

25  having the light emitting element is self-luminous, the device does not need back




face. Next, a cathode 1405 is formed on the layer conprisigy ﬁg\y@ t one
organi ¢ conpound 1404. The cat hode 1405 is forned by vapor depoOSi n using
10 a netal nask. Since the |lower el ectrodes (the anodes 1402) are
transparent materials in this enbodinent, |ight generated at the | ayer

conpri si ng; | east one or.gani c,. conmpou 1404 i s radi ated upward (opposed
to the sug]s%& &P@ C# dagke N@%PFe%d lay qiniy than diguid ceysial slisplay daeicss.s eﬁ'ﬁe ng
substrate 1407. Since the 15 sealing substrate 1407 may have transparency
in the st lay dlewicet sefers dntallidisplaty, devicssibst dispyirgl infofmptien inclalinguar t z
may be used as well as glass substrate. The sealing substrate 1407 is

adher ed t @nebéospdrsoniaice Wk T\ b i i jol et
chon s T e MOy St

har deni ng resin. The insi ant 1408

airtightly-cl osegis PRy t g NS IS fihlkad- Wth an.inert gas such as
20 nitrogen or aré%n. Its @gggfcﬁgﬁlﬁ)%ﬂfe%ﬁ %I&t ngtﬁb}sscfeﬁg &ggsogreao@ﬁgl, Bg&y

typi cak e I f . whi IS bariumoxide, in the airtightly closed space
1406. At ?29? gﬁ%ﬂlwsﬁ?l@? PRIBWEE TPeqlving wiE 2194 00pgration kexs) 21841 te
anodes to conplete a P_assi ve type light emtting device. This enbodi nent
may be cafxfestrlogennsstion npthiZi§Smar shuttirs2 0 eqte. t Hhe Bghtebmitting dévivet ur e
(active matrix type) shown in Enbodinents 1 to 5. 2 3 JAN 2006 -52

[ Embodi nmemarntifaderedg i elctetdantaovisth thel pi@béntefiviehiitd Y be Capiticadtd the ght
emtting elenent has better visibility in bright places and w der view ng
angl e t hadidplguisit 2902r yst al di spl ay devices. Therefore, various electric

appl i ances can be conpleted by using the light emtting device of the

present inventliofi, 16C shows a notebook personal computer, which is composed of a

10 main body 2201, a case 2202, a display unit 2203, a keyboard 2204, an external
connection port 2205, a pointing mouse 2206, etc. The light emitting device
manufactured- in accordance with the present invention can be applied to the

- - display unit 2203.
- Fig. 16D shows a mobile computer, which is composed of a main body

15 2301, a display unit 2302, a switch 2303, operation keys 2304, an infrared port
2305, etc. The light emitting device manufactured in accordance with the present
invention can be applied to the display unit 2302.

Fig. 16E shows a portable image reproducing device equipped with a
recording medium (a DVD player, to be specific). The device is composed of a

20 main body 2401, a case 2402, a display unit A 2403, a display unit B 2404, a
recording medium (DVD or the like) reading unit 2405, operation keys 2406,
speaker units 2407, etc. The display unit A 2403 mainly displays image
information whereas the display unit B 2404 mainly displays text informatidn.
The light emitting device manufactured in accordance with the present invention

25  can be applied to the display units A 2403 and B 2404. The image reproducing




G ven as exanples of an electric appliance that enploys a l%ﬂéﬁ ptti ng
devi ce manufactured in accordance with the present inventio

caneras, digital cameras, goggle type displays (head nounted di spl ays)

navi gati on systens, 10 audi o reproduci rggAadew ces (such as car audio and

audi o co nts not ebo co ters ame machj nes, portable information
t er mi nal gp%gﬁc@h CQE ippsd; g%ﬂ%g meflium o3l S@hwﬁsi%phpmml degyagame
machi nes, .electronic. books) and image reproduci ng devi ces equi pped

with recor*m Gfedi a (specifically, devices wth a display device that can
reproduce data in a recording nediumsuch as a 15 digital video disk (DVD)

to display an i miig BSF shewdat @ggl¥igse dis@%ﬁfh@ﬂ%@uﬁt@d diSpayy, ahich is
particularly for portable |nfornat|on term nals because their”screens are

ft I t

SorSQbfe%Pﬁﬁ’c??ﬁ‘;ﬁfo‘ﬂ%%‘%?m‘b hEseE &k ﬂ%“ﬁilﬁg BB ind AR 3307 ccBhei ng
the | h | ect |

are shawn o e AR ma%fsa‘fﬁwél F QST UGBS the Bl COBR LB R U
IS corrposedpﬁc(égb&ascﬁsmm a__support base 2002 a display unit 2003,

speaker ufP Riaya@its 2502- t er ni nal 2005, etc. The light enitting
device manufactured in accordance with the present invention can be

applied to the dFipll&G shuws 200B0 Ginea, wWhicH is@ompisbd bf Amsaa\ides Fo1havi ng
the light emtting elenent is self-lum nous, the device does not need back

2 3 JAN 2@96isphy- uhit A022nd caan 2685€ ad é)ﬂbﬂﬁ‘?rco hsaid@ pY ]ﬂ' Qg(w aF hlg)ew ces

crystal display devices. The dlsplay device refers to |§p
br oadcast { A e Beg iR bR 26057 Qﬂ%@%&%ﬂﬁﬁ%flﬁﬁ%@?%@% G aeaé?a@adﬁé{ I
o o 2T LD TR BeSh Ao Stk s e e S
emitting device manufactured in accordance with the present invention can be
- applied to the display unit 2602.
Fig. 16H shows a celiular phone, ‘WhiCh is composed of a main body
2701, a case 2702, a display unit 2703, an audio input unit 2704, an audio ouiput

15 unit 2705, operation keys 2706, an external connection port 2707, an antenna 2708,
etc. The light emitting device manufactured in accordance with the present
invention can be applied to the display unit 2703. If the display unit 2703
displays white letters on black background, the cellular phone consumes less
powe;.

20 If the luminance of light emitted from organic materials is raised in future,
the light emitting device can be used in front or rear projectors by enlarging
outputted light that contains image information through a lens or the like and
projecting the light.

These electric appliances now display with increasing frequency

25  information sent through electronic communication lines such as the Internet and




external connection port 2105, a shutter 2106, etc. The light emtting

device manufactured in accordance with the present inventi®§ dam b

applied to the display unit 2102. Fig. 16C shows a not ebook persona

conputer, which is conposed of a 10 ”.ng,é‘ body 2201, a case 2202, a display
a

unit 2203 e d_2204. an_exter .connect.i pn part 2205, a pointing
nouse 220&@&‘?3%% ﬁefegyﬁstlbléﬁi F?Heﬁbalg’ev?@gmt’r?&nd?ﬁ’é’?’ﬁflgﬁ' i PREEOP with:
t he present in\ﬁe tion can be applied to the display unit 2203. Fig. 16D
shows a niitera E&?ﬁ&twy i EeRPonsectesds the lightemiftingdayjce isswishle far
display unit 2302, a switch 2303, operation keys 2304, an infrared port
2305, et canimhasidn displagni tti ng devi ce manufactured in accordance with the
present _invention can be applied to the display unit 2302. Fig. 16E shows

a portabl e i magely gy HQMP&rﬁﬁti%%‘éieﬁ?ce?qghPEﬁﬁttﬁi%Eg i061§ %ﬂg%@%ﬁ&b@%ﬂy( -

DVD pl ayer, to be specific). evice 1s co

2401, C vy i ' 403,..a display unit B 2404, a..

recor di ngﬁ%gel ﬁ%%(%%&g?ﬂlﬁéo ﬁ%&%ﬁ@%ﬁ?ﬂbﬂ%m # %égr ﬂ?fﬁé?ﬁ'l“ir%gnleﬁ%yghtm%,
speaker units. 2407, . etc. e display unit A 2403 mainly displays imge

i nf or mat i BW“\?&H& BgUIgnge aﬁgw Hpingthe gightogmatiing) device pnaglisplask units of
information. The light emtting device manufactured in accordance with the
present i POdaklednfarmation teeningls, pedidudariy eellulapiphynemind addid4@pratuding 2404.
The image reproducing 2 3 J t, 200& -54- device equi pped with a recording

medi um al devices thudenaindyrdisplaie eexgdfforiBaidtin) 66 is piferablbfo Shvesthe Beed €
type display (head nounted display), which is conposed of a main body 2501,

di splay UfidhSthdPlen-1i3Afle Altfng PotFort>fd?m 4 BEckeround and light emitting portions
10  form text information.

As described above, the application range of the light emitting device
manufactured by using the deposition device of the present invention is so wide
that it is applicable to electric appliances of any field. The electric appliances of
this embodiment can be completed by using the light emitting device formed by

15  implementing Embodiments 1 o 5.

In the present invention, by using the light-shielding metal compound as
the anode material, the anode of the light emitting clement can be formed at the
same time when the wire for electrically connecting the anode to a thin film

20  transistor (hereinafter referred to as TFT) for driving the light emitting element is
formed in manufacturing the active matrix light emitting device. Accordingly,
the present invention is characterized by omitting the process of forming the
light-shielding film and the like, which is necessary when the transparent

conductive film is used in prior art.

25 The metal compound used in the present invention has a work function




5 1light emtting device manufactured in accordance with thg%r‘jﬁ%ﬁﬁ%

i nvention can be applied to the display units 2502. Fig. 16G shows a video
canmera, which is conposed of a main body 2601, a display unit 2602, a case
2603, an external connection port 2604,%€ renote control receiving unit

2605, an i Vi unit 2606, a, batf 2607, an .audio 10 input unit
2608, operéﬁlggﬁd’ ﬁ%@g?gg@ %é%/‘éfogf g&@“&é‘r?é@fd% igéet"’gi.l(’hrﬁélqﬁﬂ@ﬁtaﬂ anedet i ng
devi ce manufactured |n accordance with the present invention can be

applied tdn?tﬁé‘aﬂil% Py arhi t Byaoang the mataHcetnpasnd foelanuirendep imjeetiomhifch i s
conposed of a main body 2701, a case 2702, a display unit 2703, an audio

i nput uni thod@Ofrpnatheaantide cart peiimpiGvednéteranbfe. ORRBDAHHOMCKE XONPHRIAJ &N
external connection port 2707, an antenna 2708, etc. The light emtting

;SE: Ced T the o Z’ﬁ?iﬁf;“’iﬁfl?‘?i‘g%“o‘%?asﬂ": ?ﬂﬁte&‘él.“%%ﬁiﬁﬁb &*i*%@?@"%*.ﬂi@%@?hm te.
. . 20 1
the & um nanmcetaf ap A RBHCHE pud Ny B §8ke BolEe iR AR Tiabt eilling Flement ur e

the light emtti device can be used in front or rear projectors by
enlargingCOHHFHﬂ?&bH“PHG%t that contains inmage information through a |ens
or the like and projecting the light. These electric appliances now

di splay with increasing frequency 25 information sent through el ectronic
communi cation lines such as the Internet and 2 3 JAN 2006 -55- CATV (cable
tel evision), especially, animation information. Since organic materials
have very fast response speed, the light emtting device is suitable for

ani mati on displ ay.




In the light emtting device, light emtting portions Congquﬁﬁﬁﬁﬁﬁsa”d 5
therefore it is preferable to display information in a manner that Tequires
less light emtting portions. Wen using the light emtting device in
display units of portable informatiagy termnals, particularly cellular
phones and audi o reproduci ng devices that mainly display text information,
it is pr A t Lve the device such that non-light emtting portions
forma bg@géiggﬁajgkﬁﬁ?mght emtting portions 10 formtext information. As
descri bed above, the application range of the light emtting device
manuf act ured by using the deposition device of the present invention is so
wde that it is applicable to electric appliances of any field. The

el ectri clapplighhcedttiof deides hevibgdamembdean dtthalonphndt &daydrycomprisiggtahe
light emtting device formed by 15 inplenenting Enbodinents 1 to 5. In the

present idaviesiiciodganidyomisound, the |ight-shiel ding netal conpound as the
anode material, the anode of the light emtting el enent can be forned at

the sane tingrahanmeNgericbhipfiGhe & RE4 SRR 10 a
thin film20 transi st o?ye}‘\%ergllflna ter %gpg?kéeaémt 0 S%}fiﬁmiégﬁosg@?%ﬁgﬂt he
light em,ttin I Nt formed in manufacturing the active matrix |ight
emtti ng}h(?ea\lllf)g%f%“%gggét}i‘?%gl y, the present invention is characterized by
omtting the process of formng.the  light-shielding filmand the |ike,
whi ch is neceddsin Wivetnodndiat pdigrshisiting aliltruend campisesmons oh 8dde Angr i or
art. 25 The netal conpound used in the present invention has a work
f unct i onc@bBlepApn elroent gt badepgsito poe of Giaapdep, andanintthepsundic fablecatidon of | TO
or 1ZO which is used as an anode material in prior art. By using the
met al conmpounevhkmin the cathodecommjises hilight-winsnlisiescohdautive igmanode can be
i nproved ever nore. Also, the netal conmpound is

2. A device according to claim 1, wherein the anode comprises a material having a

resistivity of 1 x 10”Qcm or less.

3. A device according to claim 1, wherein the anode comprises a material having a work

function of 4.7 eV or more.

4. A device according to claim 1, wherein the anode comprises one selected from the
group consisting of titanium nitride, zirconium nitride, titanium carbide, zirconium
carbide, tantalum nitride, tantalum carbide, molybdenum nitride, and molybdenum

carbide.

5. A device according to claim 1, wherein the light emitting device is one selected from
the group consisting of a display device, a digital still camera, a notebook personal
computer, a mobile computer, a portable image reproducing device with a recording

medium, a goggle-type display, a video camera, and a




fulfill the 5 function as a wire and can |ower the drive v #bhe
light emtting elenent conpared to prior art. 2 3 JAN 28 57 WHAT IS
CLAIMED IS: 6 1. Alight emtting dewge having an anode, a cathode, and a
| ayer conprising at |east one organic conpound, wherein the |ayer
conprisin t l,east one organic conpound is interposed between the anode
and the c?gl}lﬁ o‘g‘,onﬁfnerei n the anode has a light-shielding ability and
conprises one of nitride and carbide of an elenent that belongs to one of
Goup 4, 5 and 6 in the periodic table, and wherein the cathode conprises
a light-transm ssive conductive film 2. A device according to claim1,
wher ei n Bhé Hgbidemitompdewes havinptacTY Alprorddechgn an inediatiaty sirfage @hd b light
10-2f2cmor less. 3. A device according to claim1l1, wherein the anode
conpri sesmittiffleRieat, having a work function of 4.7 eV or nore. 4. A device
according to claim1l, wherein the anode conprises one selected fromthe
group consi st ingrdf i iR LARiRG b ﬁth%'én%ﬁé{@&k&%&dédﬁxdél%gﬁgfo iS@ED! de,
zirconium carbide, tantalumnftride, tantalum carbide, no enum nrtri de,
and noly num rhide. 5. device according to claim1, wherein the
| i ght emgfﬁﬁ#ﬁnaé%a@ézﬁogpgﬁgésel ected from the group consisting of a
di spl ay device, a . digi .still canera, not ebogk personal computer, a
nobi | e conput @Y@er%nﬁﬁﬁ@wﬁqcm@yp%}%@aé?ﬂﬁaae%@gdw th a recording
medi um a goggl e-type display, a video canera, and a

wherein the anode comprises one of nitride and carbide of an element

smaller in resistivity than 1TO as to the conductivity. It Eer ore can
02 adggjié@

that belongs to one of Group 4, 5, and 6 in the periodic table.

7. A device according to claim 6, wherein the cathode comprises a light-transmissive

conductive film.

- 8. A device according to claim 6, wherein the anode comprises a material having a

resistivity of 1 x 10Qcm or less.

9. A device according to claim 6, wherein the anode comprises a material having a work

function of 4.7 eV or more.

10. A device according to claim 6, wherein the anode comprises one selected from the
group consisting of titanium nitride, zirconium nitride, titanium carbide, zirconium

carbide, tantalum nitride, tantalom carbide, molybdenum




2 3 JAN 2006 58 cellular phone. 6. Alight emtting devi ceegai ng a TFT
provided on an insulating surface and a light emtting el Jﬁ%!\/\@@ﬁei n
the light emtting element has an anode, a cathode, and a | ayer conprising
at | east one organic conpound, whereiqy the TFT is electrically connected to
t he anode, and wherein the anode conprises one of nitride and carbide of an
el enent thgt bﬁl oq)??s)dto on%é&f Goup 4, 5 and 6 in the periodic table. 7.
A devi ce "HHEsAY Hbo B 8 wher ei n t he cat hode conprises a

| i ght-transm ssive conductive film 8. A device according to claim®6,
wherein the anode conprises a material having a resistivity of 1 x 10-2Ccm
or less. 9. A device according to claim®6, wherein the anode conprises a
mat eri al 1hadkideyica apomiinguin cldiord, ofhedei tdlight enotting dédice A oleviebeteadcloandi ng
to claim®6, wherein the anode conprises one selected fromthe group

consi sti mig gfoubl t@RIsHUAY Ut 4 iddkplayz HevGer)i Aididal still Ecandekd, ainbiEbesH Pedenal
zirconium carbide, tantalumnitride, tantal um carbide, nolybdenum2 3 JAN

2006 59 phibiide, a FRShilKOE 3 ety g&&atﬂlé"?ma%eélr%jg?&g%ﬂgcﬁeﬁ%%@x A%eldaipgal M 6,

i
wherein the [ight emttin evice is one rom the group

consi sting of a displa vice .g digital still| canera, a notebook personal
conput er ,n%éi?urrrndb% 5% %@Wﬁ%gﬁﬂa ’ad ‘B@?q B ﬁecehlélﬂliﬂ%ﬂ%i ng device with a

recording nedium a goggle-type display, a video canmera, and a cellul ar
phone.

12. A method of manufacturing a light emitting device comprising:
forming an anode on an insulating surface;
subjecting a surface of the anode to UV ozone treatment;
forming a layer comprising at least one organic compound on the
anode; and
forming a cathode on the layer comprising at least one organic compound,
wherein the anode is formed of one of nitride and carbide of an element that

belongs to one of Group 4, 5, and 6 in the periodic table.

13. A method according to claim 12, wherein said anode is electrically connected to a TFT

that is formed over a substrate.

14. A method of manufacturing a light emitting device comprising:
forming an anode on an insulating surface;
subjecting a surface of the anode to UV ozone treatment;
forming a layer comprising at least one organic compound on the anode; and

forming a cathode on the layer comprising at least one organic compound,




12. A method of manufacturing a light emtting device Corrprzgi O8N %@grm’ ng
an anode on an insulating surface; subjecting a surface of the ano to W
ozone treatnment; formng a |layer conprising at |east one organi c conmpound
on the anode; and form ng a cathode ggn the |ayer conprising at |east one

organi ¢ conpound, wherein the anode is fornmed of one of nitride and carbide

of an elenent that .belo to.one of Goyp.4, 5, and 6 in the.periodic
Cable. 15 A MM EcERg ey R EP PR andicn Bt sl TiGde and
electrically connected to a TFT that is forned over a substrate. 14. A

met hod ofatkidspf s elpmangthat belepes teane of Grpuadl O candcbirphe Beringtic taplsy #idhg an
anode on an insulating surface; subjecting a surface of the anode to UV
ozone tr eat nemtherdintheicathode isdfpenedonra lghthgraadmikdes tordnetivarfijani ¢ conpound
on the anode; and formng a cathode on the |layer conprising at |east one
organi ¢ conmpound, 2 3 JAN 2006 60 wherein the anode has a |ight-shielding
ability and conprising one of nitride and carbide of an el enent that

bel ongs 4§ ong ﬁtéth%i %’cﬂ)réiﬁg g%d%g 18 &ﬁbréiﬂ%aiﬁ%h%ﬁs%letcﬂﬁ:%lﬁq' %&&%gt_e&%?ﬁ ein the

cathode is fornme om a t-tranmsm ssive conducti ve net hod

accordin cl.ai.m 14, wherein said anode is electrically connected to a
TFT thatqﬁgquﬂﬁgﬁnﬁégymﬁi%ﬁ1§¥?ate. 16. A nethod of manufacturing a |ight
emtting device conprising: form ng an anode on an insul ating surface;
subj ecting a surface of the anode to plasma treatnent; formng a | ayer
conprising at |east one organic conpound on the anode; and

16. A method of manufacturing a light emitting device comprising:

forming an anode on an insulating surface;

subjecting a surface of the anode to plasma treatment;

forming a layer comprising at least one organic compound on the anode; and
forming a cathode on the layer comprising at least one organic compound,

wherein the anode comprises one of nitride and carbide of an element that belongs

to one of Group 4, 5, and 6 in the periodic table.

17. A method according to claim 16, wherein said anode is electrically connected to a TFT

that is formed over a substrate.

18. A method of manufacturing a light emitting device comprising:
forming an anode on an insulating surface;
subjecting a surface of the anode to plasma treatment;
forming a layer comprising at least one organic compound on the anode; and
forming a cathode on the layer comprising at least one organic compound,
wherein the anode has a light-shielding ability and comprises one of nitride and

carbide of an element that belongs to one of Group 4, 5, and 6 in the periodic table, and




form ng a cathode on the layer conprising at |east one orga 2§ gﬁg’pg@@
wherei n the anode conprises one of nitride and carbi de of an~é€l hat

belongs to one of Goup 4, 5 and 6 in the periodic table. 17. A method
according to claim 16, wherein said gjode is electrically connected to a
TFT that is forned over a substrate. 18. A nethod of manufacturing a |ight
emtting device conprising. formng an anode on i nsul ati ng surface;
subj ect i mgerinfecatigdg gorp eaa@&ﬁ‘-v%“%l%wopﬁ%ﬁwﬁgﬂm formng a |ayer
conprising at | east one organi c conpound on the anode; and formng a
cathode on the layer conprising at |east one organic conmpound, wherein the
anode has a light-shielding ability and conprises one of nitride and

car bi de dp. Amethehmrbrdifato danolfy svhieteiw seid ahodario vlecHically comnectéd toe THE
periodic table, and 2 3 JAN 2006 61 wherein the cathode conprises a

i ght -t r ang i Pih¥PorPAGUBdtye film 19. A nethod according to claim 18,

wherein said anode is electrically connected to a TFT that is formed over a
substrate.




