2 1 J UL 2004 ELECTRONI C DEVI CE BACKGROUND OF THE | NVENTI QR 1 1{(Fi?2ef4d of
the I nvention The present invention relates to an EL (el ectro | um nescence)
di spl ay devi ce having a sem conductor elenent (an elenment using a
sem conductor thin film formed on a substrate, and electric equi pnent
using the EL display device as a display (display portion) . The EL
(el ectrol um nescent) devices reéﬁ%red to in this specification include
triplet-based Iight em ssion deVtEeSRERHF PEVEGE gl et - based |ight eni ssion
device, for exanple. 2. Description of the Related Art In recent years, a
techni que by which a TFT is formed on a substrate has greatly progressed,
and the application of that technique to an active matrix display device
has been increasingly devel dpReKGROUNIAQR @HEAIINVENTEDNUSI Ng a pol ysilicon
fil menables high-speed operation since it is higher 1n field effect
mobi 1ity'- (ASd ©f It dstvienitipy ' . than a conventional TFT using an
anor phous silégon film Attention has been paid to the above active matrix
di splay devi cBi¢erasse tvimivausi @dyanhfges s a 9N Ln
manuf act uri ng costs, a downsizing of the di S%FEJ)I/J g%@?%%%ygh}ngflﬁ%?%{}‘éﬁént in
yield, aftsplapdietion hayidd aughs tai formi ng vari ous
circuits and el enents on tﬁggsagﬂﬂ§§%§¥$%$§&bfﬂf%%%t ' 8100, using

a semiconductor thin film) formed on a substrate, and electric

equipmentusingtheELdisplaydeviceasadﬁsplay(displayportion).
The EL (electroluminescent) devices referred to in this
'speciﬁication include triplet-based light emission devices and/or
singlet-based light emission device, for example;
2. Description of the Related Art

VIn Tecent years, a technique by which a TFT is formed on a
substrate has greatly progressed, and the application of that
technique to an active matrix display device has been increasingly
developed. 1In particular, a TFT uéing a polysilicon film enables
high-speed operation since it is higher in field effect mobllity
(also called mobility) than a conventional TFT using an amorphous
silicon film.

Attenti?P has been paid to the above active matrix display
device because various advantages such as a reduction in
manufacturing cqsts, a downéizing' of the display device, an

improvement in yield, and a reduction in through-put, are obtained

by forming various circuits and elements on the same substrate.




J UL 2004 The active matrix EL display device provides a Jwitdlhi rd§04
el enment forned of a TFT (hereinafter referred to as a swtching elenent)
on each of pixels and activates a driver elenment that conducts a current
control by the switching TFT, to thereby nmake an EL |ayer (speaking
rigidly, alight emtting layer) emt light. For exanple, Japanese Patent

Appl i cation Ldfte openide. m&bfliOEﬂ,882§§1Q%SQEQ§§§ pkbeils daseu%cﬁ‘i?{g
As the active matri x EL display device ere are proposed two EL ment

st ruct uresemepentdsnge@noki ghtrt M@Eél%f%ézecrtéf%%ed e Laf 4 QQ??cnéﬂg

structures is that a light emtted fromthe EL el enent penet

opposi n%ﬁél@éﬂf ?Bﬁ e%%‘i'lééﬁiﬁg S E\ﬁlg'a%tt?tga%gs a drl%eernt eme;r}%'g.éa? FBPﬁiPﬁES

observer. In this case server can reco nize

opposi n t i.de ot her  struct is that a light emtted from
the EL g??rée% n%eﬁg &P %sb eth‘éal Eﬂﬁ?héﬁ%#r Tat &° "aIFftF‘?%Y PRER #adilaladdeso as

to enter of theﬂ-(f)i server. In this case, the observer can recognize an
i mge fr Eﬁé”é‘i’ St igus L1 9RE emditgdna kavare ¢at hdi gbtr uRar examhael i ght
fromthe outside penetrates the opposing substrate and is then irradiated
onto the/ 3METKIFATIRY ApRpldapsipetiwich aprn Nespéelile 15ionsl2 disclosdes, to
thereby deteriorate the TFTs. However, because the light fromthe outside
i s not Hilgh Bln dinrlaytgevide. deteri oration of the TFTs is not | arge. On
the other hand, in the latter structure generally frequently enployed,
because the | ightthemiacttadref mamrt keeEld péerentagpanst,r aheselateJpkog804a
two EL element structures depending on light radiating directions.
One of those structures is that a light emitted from the EL element
penetrates an opposing substrate and is then radiated so as to enter
eyes of an observer. In this case, the cobserver can recognize an
image from the opposing substrate side. The other structure is that
a light emitted from the EL element penetrates an element substrate
and is then radiated S0 as to enter eyes of the observer. In this
case, the observer can recognize an image from the element substrate
side.

In the former structure, the light from the outside penetrates
the opposing substrate and is then irradiated onto the TFTs existing
in gaps between the respective pixel electrodes, to thereby
deteriorate the TFTs. However, because the light from the outside
isnot high in intensity, the deterioration of the TFTs is not large.

On the other hand, in the latter structure generally frequently

employed, because the light emitted from the EL element penetrates



the el ement substrate and is then radiated, the light emtted frzoﬂn JYheltBt
elenment is irradiated onto the TFTs, resulting in such a serious problem

in that the TFTs are deteriorated. Al so, a storage capacitor is provided in
the pixel and a high aperture ratio is demanded for the pixel fromthe

vi ewpoi nt of the display performance. |If the respective pixels have the

hi gh apefifigrelenent gulsteadteghhdappltineat +o8: & L4 Citgpc i Py oved.. thereby
bei ng capable of achieving the power saving and the %ovvnsi ZI'hgy ot e

di spl ay tbei Eb. elamereents yeansiatde &i | j 26 | vel gped, and a
hi gher definition inmage is demanded. Tﬂi |%§F&?‘;‘x'eﬁ:e§1%zlg ¥ riéaséShan area

of one psxehoes Yhbshefihen T a@ng%é irings. are forned, to thereby reduce
r

the pi xel aperture ratio. Under the a ovee §5€&€9-i n order to obtain

the high aperfiLe rat] f each pixel withinthe limt of a regular pixel
size, it is essentia L’lfgrg‘f-“f‘sicc"zllpe 15 5 RACEdecuih e pined andceddghy for
the circ 'éra%féu‘it%r_i% of the Bi xel . As described above, in order to realize
the active matFix dSsPPUFRdedi fF Ahghrixebittem apervirwpontt @kl a
smal | nugber of masks, an entirely novel pixel structure that has not
exi st ed THPP 1B RBHE PETABRENdEHE tISUNBRYCOEYE HEXE NWENTE@N Shegphpsent re
invention has been nmade to neet the above demands, 2 1 JUL 2004 and
t her ef or’ el ot it tamp lgrassteintin EAYLOLEDOY 1S Leppoeyd de e il ndi 551 Ay
devi ce having a pixel structure that realizes a high
capable of achieving the power saving and the downsizing of the
display device.
Inrecentyears,thefinepixelsizeisdeveloped,andarﬂghar
definition image is demanded. The fine pixel size increases an area
Of one pixel on which the TFT and the wirings are formed, to thereby

L4

reduce the pixel aperture ratio.

Uﬁder the above circumstances, in order to obtain the high
aperture ratio of each pixel within the limit of a regular pixel
size, it is essential to efficiently layout circuit elements
hecessary for the circuit structure of the pixel.

As described above, in order to realize the active matrix EL
display device high in pixel aperture ratio with a small number
of masks, an entirely novel pixel structure that has not existed

up to now is demanded.

SUMMARY OF THE INVENTION

The present invention has been made to meet the above demands,



aperture ratio wi thout increasing the nunber of masks and the'2 ﬂudﬁbrzm}éf
processes. In order to solve the problens with the conventional art, the
present invention provides the follow ng nmeans. The present invention is
characterized by a pixel structure in which gaps between respective TFTs
and gaps between respective pixels are shielded froma |ight w thout using

a bl ack nark.thisre e mabBsjbcoroshimg) di-ng.the; JETs, fromthe light, a gate
el ectrode and source wirings are forng§ or@i g %llﬂr?% t%%%u SattPngfgWﬁ? &nhd

nmost of EL seiephidutdwicd aygfi dat ryes.as -an active layer is covered
with gate wirings formed on alsg(;%ngigﬁgusgﬁlﬁﬁuﬁl ﬁ?ﬁ?f?%‘?ﬁh‘?ei’r ranighe
as_one nmeans f or shielding the gaps between

first i nsapeatdng Bk, A S0 mhe rsposer
t he respective pixels fromc{%el??lé%?s,lrbq XBF TBRAT B8dw skarand shdi as
to be supgri the source wirings. The above-nentioned TFTs are
R & 9
directed toswtching TFT di sposed on the respective pixels or current
control TFTs A(icord' ng to the structure of the present invention disclosed
in this specifi€attOnt 1h&Pévesths pyplbemanvidiietheommvedendiconl §9EPrHiw Ng a
lurality of source wirings, a plurality of gate wirings, a plurality of
D Y, _ ing pl y of g gs, a pll y
current STFSSY ilR¢@ndd@na prowrideit yhef £plkeksng mbatact eri zed in that:
each of the plurality of pixels includes a switching TFT, a 2 c 1 JUL 2004
current cont r oFhEMATesent aidveghti-cemi bt ¢igr et et &g Ey}da pixel structure
in which gaps between respective TFTs and gaps between respective
pixels are shielded from a light without using a black mask. As
one means for shielding the TFTs from the light, a gate electrode
- and source wirings are formed on a first insulating film, and most
of a semiconductor layer that serves as-an active layer is covered
with gate wirings formed on a second insulating'film different from
the first insulating fiim. Also, as one means for shielding the
gaps between the respective pixels from the light, pixel electrodes
are so disposed as to be superimposed on the source wirings.
Theabove-mentionedTFTsaredirectedtoswitchingTFTdisposed
on the respective pixels or current control TFTs.
According to the structure of the present invention disclosed
in this specification, there is provided an electronic device
comprisingapluralityofsourcewirings,apluralityofgatewirings,
a plurality of qurrent supply lines and a plurality of pixels,

characterized in that:

each of the plqrality of pixels includes a switching TFT, a



the switching TFT includes a seni-conductor layer (first s&n chid@68ior
| ayer 200) having a source region and a drain region on an insulating
surface, and a channel -form ng region interposed between the source region
and the drain region; a first insulating film (gate insulating film

formed op eniconductor layer (first sem conductor |ayer 200) ; an
electrodeu%ggﬂédcfﬁgFgg iﬁ%ct?%@eﬂlhiﬁhtrﬁmiﬁﬂiﬁgleﬂEMemxulamhng filmso as

to be superinposed on the channel-formng region; a source wiring (115)
formed on the ???SFW1Fﬁ§ﬁPatﬂﬁ§'ﬁﬂqﬁud@ssetcmdmicund&ﬁ&dﬁ)igyg}tw§grggvers
the electrode (first electrode 113) and the source wirings; and a gate

wiring . fIBEFORGEEEer dvee260¢ dnalvims ul 8bhage fidJRAandngonngcted 1.0t he
el ectrode (first electrode 113). In the above stﬁﬁ%turg, t he quE?F%ﬁPc

devi ce 9" cHarlastdritied sunfabal dhe aSERLERBIUEL Q3 rs(fics
sem conductor |ayer 200) has a region, which iSB§H%§¥?ﬁB%§%é“%ﬁIPﬂﬁeaate

Wi ring. Wemwdmen thcheoekeet foi ¢ 38\ €Be i $r b ized..in that the region
of the sem conductor |ayer ﬁ%ich i's su%é%ﬁ%%géggggh't%ghﬁﬁ¥élnﬁP?Fﬁbng

i ncl udestiatm k gast it chal - i r.eqgi a regigon _existing between
t he channel-forniﬁb regiogﬂﬁﬁﬁLﬁLgb rggﬁg}gg?ﬁﬁPngn UrEgrorsy éfingt

bet ween dde &hpnnsls ] gion and the source region, and is protected
fromlight fromt R SRl B I 80 Yot ErRtad 6hi s Baviced rokdear )

mul ti-gate stLuet 1N ghich a plurality of gate el ectrodes are on one
sem conduct or g %Eﬁuﬁnfﬂ Ating fllm so as to be superimposed on the

channel-forming region: a source wiring (115) formed on the first
insulating film; a second insulating film that covers the elactrode
(first electrode 113) and the source wirings; and a gate wiring
{145) formed on the second insulating film and connécted to the
electrode (first electrode 113}, *

Intheabovestructure,theelectronicdeviceischaracterized
in that the semiconductor layer (first semiconductor layer 200)
has a region, which is superimposed on the gate wiring.

Further, the electronic device is characterized in that the
region of the semiconductor layer which is superimposed on the gate
wiring includes at least the channel-forming region, a regioﬁ
existing between the channel-forming region and the drain region,
Or a region existing between the channel-forming region and the
source region; agd is protected from light from the outside.

In case of the electronic device of a multi-gate structure

in which a plurality of gate electrodes are on one semiconductor



| ayer through an insulating film it is characterized in thaz "thJéJL 2004
sem conduct or |ayer includes a plurality of channel-formng regions that
the gate wiring is so disposed as to be superinposed on a region existing
bet ween one of the channel -form ng regi ons and another channel -form ng

region. Further, the electronic device is characterized in that the’
d& it e SRy

el ect r odé éenrd% PBe* W M Mg &rfd Ifad é tot s t e e nietest ial that tie

first insulating filmand that the pixel electrode, the connection

el ectr ocFee“é{‘r?dmc‘ﬁJé’ttj’é% LAVRF ilng lade srmpbund L i e of artea et lerfioatmian #dwi oecond
insulating film According to another structure of the present invention,
there i%\3¥r 6bpd@teanielingtionbalidevise aomr beist@ea ipbbsaki 4y aOfe SN Ce
wirings, a plurality of first gate wirings, a plurality of current™ supply
lines, @xplauriald tetolfeeseemed ofatc@eWchhAgs1aR0rai REUFEE1dYs B Pisls.
characterized in that: each of the plurality of pixelS iIncludes a swit chi ng
TFT, a ohannent-feehting rEglionan erasing TFT and a light-emtting el enent;
and the switching TFT includes a sem conductor. | ayer (first sem conductor

| ayer 900) hayi,R@narSOHLEE. &I .draip region formed on an
i nsul ating surface, and a ch%%éne -adgtrar%@%ger %gicohn iR eﬁlﬁﬁg&nb‘g’ﬁ%eﬁp? he

hsul at g T PoAneae ot v sk SRt oPaF o FrEE Ber BbmHR or

| ayer 9%%23;fi%:nstezl.r?§t:[1{gg§néffiirlrsntan%l 1:611C&;[1:r gggpgxgl%al%cgrgdg??:}le connection
electrode and the gate wiring are made of the same material on the
second insulating £ilm.

According to another structure of the present invention, there
is provided an electronic device comprising a pPlurality of source
wirings, a plurality of first gate wirings, a pturality of current
supply lines, a plurality of second gate wirings and a plurality
of pixels, characterized in that:

each of the plurality of pixels includes a switching TFT, a

| current control TFT, an erasing TFT and a light-emitting element;
and

the switching TFT includes a semiconductor layer (first
'semiconductor layer 900) having a source region and a drain region
formed on an insulating surface, and a channel-forming region
interposed between the source region and the drain region; a first

insulating £film (gate insulating film) formed on the semiconductor

layer (first semiconductor layer 900); anelectrode (first electrode



805) forned on the first insulating filmand superinposed on %geJUL 2004
channel -form ng region; a source wiring (803) forned on the first
insulating film a second insulating filmthat covers the electrode (first
el ectrode 805) and the source wiring (803) ; and a first gate wring (801)
formed on the second insulating filmand connected to the electrode (first

eIectrodgﬁ%bﬂyﬂjmﬁiKﬁEKheafénsdingstbaan@@h@rhﬁkﬁMﬁ%Hb@rQEpBB%dpgﬁsﬁﬁ
invention, there is provided an el ectronic device conprising a plurality

of sour channdngrmainy wealibhy 8fsdirsd Mﬁ%&%gmkéb§9$ﬁoréédﬂdﬂr@LLt¥iOf
current supply lines, a plurality of second gate wrings and a p u?%?ity

of pixelimsulhariact etiged; | ts . lural ity of _pixels includes
p S iay Qib@cBHélnéﬁﬁﬁkﬁﬁg%Eﬁm%ﬂé&}#*%fsgﬁp T Eﬁ

a switching TFT, a current control an erasin d a-F7ghtae

em tting relreyent ecapd isng. TET jncl udes a i.conduct gr | ayer having
a source region and g{érﬁors)g)lr %irdegkll%ns c]):rcr‘?e‘ﬁlﬁhn%r{%l%ﬁlgdl%‘Pﬁlr‘?gféﬁﬁffa%%t,e and a

channel f;QRNG gh8gi @, Lnter posed bet ween the source region and the drain
region; a fiégg ingulafh%g PFI%ﬁfg&?&opﬁsﬁpaP%ﬂbl?gl%ilmf%ﬁ¢mﬁPQﬂﬁ¢¢ﬁﬁ
sem conductor | gyer.; first electrode (third electrode 807) fornmed on the
first insulati ﬁg%FFFﬁ%§n6f§EﬁérP%66§€8d§n89ﬁé- channel -forming region; a
second el ectrode (second el ectrode 806 formed on the first insulatin
A g
film a seconfYFhBEFat iFFFFIINT hee 2eotbes tdtrddtngte ebBcthedeprtdddne
el ectrode 807) and the second electrode (second el ectrode 806); and a
second GBVENKARNg theo?) i3 PpIiE@0 an feramtond e vaeeontbrigisyaid ng film
and connected to the first
plurality of source wirings, a plurality of first gate wirings,
- a plurality of current supply lines, a plurality of second gate
wirings and a plurality of pixels, characterized in that:
each of the plurality of pixels includes a switching TFT, a
current control TFT, an erasing TFT, and a light~emitting element;
and
theerasingTFTincludesasemiconductor layerhavinga source
region and a drain region formed on an insulating surface, and a
channel-forming region interposed between the source region and
the drain region; a first insulating £film (gate insulating £ilm)
formedonthesemiconductorlayer;afirstelectrode(thirdelectrode
807) formed on the first insulating film and superimposed on the
channel-forming region; a second electrode {second electrode 806)
formed on the first insulating film; a second insulating film that

covers the first electrode (third electrode 807) and the second

electrode (second electrode 806); and a second gate wiring (802)




el ectrode (third electrode 807). In the above structure, tHelelldlctdidhic
device is characterized in that the sem conductor |ayer has a region which
i s superinposed on the second gate wiring (802) and that the second gate
wiring (802) is superinposed on at |east the channel-form ng region.
Further, the electronic device is characterized in that the region‘of the
seni condQ&t'6H PRy EPeWRFERNHs 186pér F ipostilmnandec seoontd gat & IFi1ha + 802)

i ncludes _at | east the channel-formng region, a region existing between
the chaRhEFIFBERI AGhAEGi eheando@hesdrnin region, or a region existing

bet ween the channel-form ng region and the source region, and is protected

fromlight frbmbbieeaioutessdeuctorenenahome it 868 cd he Jifish 8l ggtrode
(third electrode 807) that is superinposed on the channel-formng réigi on

conpri sgs tkaygate ekatthbadacebrtNe & asisng Ik bove ntructure, the
second el ectrode (second el ectfoiﬁy 806) corﬁ%ﬁosdeghgggafsé SSPECTTBRESEE t he

currentogobh&okedEda LEN,L S5 60N t.h rain region of the
swi tchi ng TFT. Fur t heg\?9 i twf'gllgﬁa{rgc ):?al“{zde)dtkllaﬁtt FHEN PSSy HEELRGr i ng

and the;ggsopngdsg I re made of the same material in order to
suppr ess thg i?\c?%g%%ﬁ@ﬁggﬁg Prbert GtS i . ChemneE -BeseRneTreNion . THE
DRAW NGS Thesfqlla{}gegthc?{ﬁ ogj ects and_advantages of this invention will 21
JUL 2001: becotie nofe Py SSpparént 9 ¥He tife CharRElRAgZddt i Ithat the

descri pLLQD,, L3S Y0 L0G, 2650 TRaTY ng dravi ngs 1n whi ch:
yer which is superimposed on the second
gate wiring (802) includes at least the channel-forming region,
a region existing between the channel-forming region and the drain
region, or a region existing between the channel-forming region
and the source region, and is protected from light from the outside.
- In the above structure, the first electrode {(third electrode
807) that is superimposed on the channel-forming region comprises
a gate electrode of the erasing TFT.

In the above structure, the second electrode {second electrode
806) comprises a gate electrode of the current control TFT, which

is connected to the drain region of the switching TFT.
Further, it is characterized in that the first gate wiring

and the second gate wiring are made of the same material in order

to suppress the increase in the number of masks.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of this invention will




Fig. 1is a top view showng a pixel portion in accordance &n}hjuﬂ_in‘g%% ment
1 of the present invention; Fig. 2 is a diagram show ng an equi val ent
circuit in the pixel portion in accordance with Enbodi nent 1 of the
present invention; Figs. 3Ato 3E are diagrans showi ng a process of
manuf act gri n%Fan active matrix substrate in accordance wth Enbodi ment 1 of

the pre8&fPMPRAf foAlYRpBaradrt trarohD: 88 eoqilagﬁ,agﬁdémviéwdéén%‘ig%ss of
g :

manuf acturing an active matrix substrate in accordance wt ofi-meRt 1

of the pRESBNYithvehei ancompasyibd dawe @ 6 di,ag9378 showing a process of
manuf acturing an active matrix substrate 1n accordance w th Enbodi nent 1

of the presenfignvents enitoli ¢3ewb4napd e an _appearance top view and a
cross-sectional view showing an acti vengsét1 %l%eéLp&irgﬁf:’é‘ylﬁeé%érfiﬁnce

accor daneetiv Ehbodernodi Mend ¢ |+ e present invention;, Figs. 7Ato 7C are
top views showing a pixel portr?%réllhensegnctc&na'gﬁééon\i\dth Enbodi ment 4 of the

present inventgn; oH .1s . at vi ew showi ng a pixel portion in
accordance Wi tfhwEnbo%?n%h%gs oﬁggﬁéngraééﬁﬂfll?%%%‘ﬁ iCdACuRitgin G hespaxdiagr am

showi ng [valent circuit in the pixel portion in accordance with
Enbodi rrep?\ét} tf7%04 \S?’hgcﬁ%gaﬂf:ei"ﬁwhtﬁf%%ﬂdlzneptwm@m BrgsentOfnaadt 198, are a

top view and %.cros?secti onal view showi ng a pixel portion in accordance
wi t h Enbodi nent % -of 2 tRe3hrésehi agraneshbwnng a process of manufacturing

an active matrix substrate in accordance with Embodiment 1 of the
bresent invention:

Figs. 4A to 4D are diagrams showing a process of manufacturing
an active matrix substrate in accordance with Embodiment 1 of the
present invention;

Figs. 5A to 5C are diagrams showing a proceésrof manufacturing
an active matrix substrate in accordance with Embodiment 1 of the
Present invention:

Figs. 6A and 6B are an appearance top view and a cross-sectional
view showing an active matrix EL display device in accordance with
Embodiment 1 of‘ the present invention:

Figs. 7Ato7Care topviews showingapixelportionin accordance
with Embodiment 4 of the present invention;

Fig. 8 is a top view showing a pixel porti"é;lw in accordance
with Embodiment ’7’ of the present invlention:

Fig. 9 is a diagram showing an equivalent circuit in the pixel

portion in accordance with Embodiment 7 of the present invention;




Fig. 11 is a diagramshow ng a manufacturing device in accoraéhowhmamﬁ
Enbodi nent 10 of the present invention; Figs. 12A to 12F are di agrans
showi ng exanpl es of electronic equipnment in accordance wi th Enbodi nent 11
of the present invention; and Fig. 13A and 13B are di agrans show ng
exanpl es of electronic equipnent in accordance with Enbodi nent 11 of the
pr esent inventhﬁ$-DEHAHHEDIDESGRERIHQN>@Ee%HEnERgﬁﬁﬁggglg@@%}gdg@%@§ 6
description will be given in nore detail of preferred enbodinents 6t 'the
present Bhewhhgenpikshpoetebancead@tdicAsLOTPARYES | . ;An EL

di spl ay device according to the presenfm?ﬁvent?gﬁhggﬁgfégggggeﬁffgﬁnt
portion wheegtpbiel s are arranged on an elenent substrate in matrix and a
driving circuit that drives the pixel portion as a basic structure. Two of

swi tching TFTs d rreent . c rol TETs are formed on each of the pixels.
In this structi?%, qufg?naoﬁg% gagmfpgﬁﬁﬁa PR SR T afeyieondact ed
to a gat r t.control TFT. 1n addition, a drain of the current
contr ol %%§5f29§?%g¥%?§a.T?O&i%ﬁ%EC%QxPﬁwqq?z?ﬁﬁ%@ﬂt dn¥epitd@a; Thus, the
pi xel portion js fornmed., 10 2 1 J UL 2004 Also, the driver circuit for
driving the pixel®i &%F%ﬂz%@r%ﬁlﬁgwwmﬁm examppeshehrekctEiniA
specific exanple of a pixel structure according to the present invention
i s shown®#HBIRART 18 JgGeFERncanish finbakddmenti icuf ttheayieégent invention:

and

Fig. 13A and 13B are diagrams showing examples of electronic

equipmentleaccordancewithEmbodiment]J_ofthepresentinvention.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A description will be given in more detail of preferred
embodiments of the present invention with reference to the
accompanying drawings.

An EL display device according to the present invention
includes a pixel portion where pixels are arranged on an element
substrate in matrix and a driving circuit that drives the pixel
portion as a basic structure.

Two of switching TFTs and current control TFTs are formed on
each of the éiiels. 'In this strucEﬁre, a drain of the switching
TFT is electrical;y'connectedtx>a gate of the current control TFT.
In addition, a drain of the current control TPT is electrically

connectedwithapixel electrode. Thus, the pixel portionis formed.

10



t he pixel structure showmn in Fig. 1 is show in Fig. 2. In this? éuhn%ﬂﬂé,
two TFTs are fornmed within the pixel, but a pixel structure in which three
TFTs are fornmed within the pixel may be applied. As shown in Figs. 1 and 2,
the pi xel portion includes a gate wring 145 disposed in a row direction,
a source wri ngbilL15 di sposed in a colum direction, a current supply line
116, a switchi n§l¥FT tixAmiorectedut ® tHe Gata i §i - i he source
wiring 115, a current control TFT 203 connect eéwt ghggﬁ)%ﬁ%ﬁyﬁ#ﬁmﬁf of

el ement 204nhandabhelcOFrest suppbyaiide 46, and a storage capacitor 207.
The gate wiring 145 shown in Fig. 1 is connected to an island-like first

el ectrode 113 dhspesedikRukhe 1Ly ditegtion. Also,_ the gate wiring 145 is
di sposed on a second i nsul at ?’ngq#l ?h]aggiasgrtllgtﬁgeiaﬁco(?ggrflgcﬁo Wie Rrerent

latter. QOdntBet9bRS: Q?gﬂj .the island;like first electrode 113 is forned
on a first insulating fi ml%glr%i Ir]ﬁétfte‘f‘rt Tt et EFULFAASNE Gar®lihbabvaning

film so gset9;ipg i tact with the latter as in a source wiring 137 and
t he currenteslgjbp%/ |%‘g&t%.srﬂ@o,maf'&@nnéc%?o@@'ﬂécitnf Gd@.140 i 3nf onaed on

t he secongxai nféjl %ti ng film(hereinafter referred to as an interlayer

insul ating —PiTH) S Th! S agenheersdiishdot tdpitdl, mtcanrentl sorekegtsode
143, 11 2.1 JUL 2004 a connection electrode 144 and the gate wiring 145.
Furt her, ' pY3ER cfheas ST sl 48°a Sauper imipdsed the pheel CAAPEES gppekegt rode

141 connected with the current control TFT so as to be in contact with the
connecti on el e®S 6dewndin Mie0, 1 and 2, the pixel portion includes a gate
wiring 145 disposed in a row direction, a source wiring 115 disposed
in a column direction, a current supply line 116, a switching TFT
202 connected tc the gate wiring 145 and the source wiring 115,
a4 current control TFT 203 connected to a light-emitting element
204 and the current supply line 116, and a storage capacitor 207.
Thegatewiring 145 shown in Fig. lisconnectedtoanisland-like
first electrode 113 disposed in the row direction. Also, the gate
wiring 145 is disposed on a second insulating film so as to be in
contact with the latter. On the other hand, the island-like first
electrode 113 is formed on a first insulating film (hereinafter
referred to as a gate insulating film) so as to be in contact with
- the latter as in a source wiring 137 and the current supply line
116.
Also, a cognection electrode 140 is formed on the second

insulating film (hereinafter referred to as an interlayer insulating

film) as in a connection electrode 141, a connection electrode 143,
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an end portion of the pixel electrode 146 is superinposed on Zne JloWlBs
wiring 115. An EL | ayer, a cathode, a protective electrode and so on are
formed with the pixel electrode 146 as an anode, to thereby conplete an
active matrix EL display device. In this specification, a light-emtting
el enent forned of the anode, the EL layer and the cathode is called an EL
el enent & FHTRET10he lEictirpder 1i4g nadmahkygeteawiammgat s structure, and
representatively, there is a lamnate structure of "a hole transport

| ayer/a |ight Femtherrng 4 apexkan «lapidaae t{a0SAQN Ly impoddPPQsed. by Tang
et al of Eastman Kodak Conpany. As ot her structures,@élt hnégoe a&r)e8§ gtthreyucture

i n whi ckoankelte onnjegelitel R/ r I light emttin
nkalte onnjeg @B deay Q. @oHﬁE%té&%fm the &R’%%C cﬂ{}c:{% ey M9

| ayer/an el ectron transport layer, and a structure i

injecti ea hayeb/ BehohesLLARNSPAL er/ light emtting.layer/an electron
transport |ayer/an el ectr onép?"r]\ji%%?%oen ﬁ%élféarc;%alroé’ %ﬁf’ﬁﬁg@a ¥ﬁ1t hé1stat ed
order-. ynFHEENEE i emtti lLayer may be doped with a fluorescent
pi gnent or thg fF%gs ?% ?ﬁ%ép%ﬁﬁ§ﬂ4¥%955%§ﬁ,lﬁ%llFa TEYIPRFRA 1191 dhe

i njecti V. .th | e transport |ayer, the light emtting |ayer, the
el ectr o%glflfggs‘g%fjfﬁ? gylg fhRetkIEHe o2 77 €1a9%n 3 Byefeahtve ¢ lert rade

genericalhy named the EL layer. 12 .2 1 J UL 2004 The pixel structure
accor di A%t 3°tHe PFredafmachvaid sheepbtebeladte st ildé hayan afoddie tBFT to
be superinposed on the gate wiring and to be shielded froma light. In
order tbNERPRY dCaiplesst atheaswite hiagrFETEDNAt hpleyedeRtice. In this

specification, a light-emitting element formed of the anode, the
EL layer and the cathode is called an EL element .

Further, the EL layer is nermally of a laminate structure,
and representatively, there is a laminate structure of “a hole
transportlayer/alightemittinglayer/anelectrbntransportlayer"
proposed by Tanget al of Eastman Kodak Company. Asotherstructures,
thereare a struct.ure inwhichahole injection layer/ahole transport
layer/a light emitting layer/an electron transport layer, and a
structure in which a hole injection layer/a hole transport layer/a
light emitting layer/an electron transport layer/an electron
injection layer are laminated in the stated order-- Further, the
light emitting layer may be doped with a fluorescent pigment or
the like. In this specification, all layers of the hole injection
layer, the holeltransport layer, the 1light emitting layer,lthe
electron transport layer, the electron injection layer and so on

are generically named the EL layer.
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substrate fromthe light, at |east a channel-forning regiorl df JAl 200kst
sem conduct or | ayer 200 is so disposed as to be shielded from the Iight by
the gate wiring 145. Also, it is desirable that a region (an LDD region,
an offset region and the |ike) existing between the channel-formng region
and the drain region, and a region existing between the channel - formng

region and t he'3®BiEe Lrdgiuot varensthiel idept o themrdie nki ghtey: den 981 &5
Wi ring 145, other than the channel -formng region. Further, because the

st ruct ureishawnive Eyer bfi sheherT ned bie- gaber shdsd I t%ep%,h{li:@ 1Y 0

f
channel -form ng regions exist on one sem conductor |ayer. erefore.Jit is

desi rabland otshbel shidl d@yi OFbbel wegyone channel -form ng region and
anot her channel-formng region fromthe light by the gate wiring 145. If

L1, Syt P10 Btk e 02hecSYie, 80 B o eutront of Lhe

switching TFT can be | owered. e cur

mul ti - gad, @St ttil% terioration of he current control TFT due to
heat can be slfjé[;%ér Le%goen}j. gﬁgglfté ﬁ/l%r#'ﬁﬁsﬁﬂ'aci ML rEdTBANEngephoBONE ot

with an fﬂfé’é%teh'l% fdiul m gi:i ferent fromthe insulating filmon which the
first el'ectrode TT3TRAPTsEIVRE 200 theydieresed obie e stilepdeddtrantt h
t he abovtg1 si‘r. u§£ re, the swtchi ng TFT of the elenment 13 2 1 JUL 2004
subst r at'e cah’ g’é‘hpé?@é‘&ef‘?b?ﬁrt% 4Bi ghtldsy thdsgimsimbibienghdd® redl e, a
capacitor (also called a storage capacitor or auxiliary capacitor) of one
p A g p y p
i xel iR H9iPsecond fifasitc orguonorntiayee 1204) andi @t 566 Ot Re et r ode
pi xel | TSecH o
114 with the insulating filmthat covers
. thechannel-formingregionandthedrainregion,andaregionexisting
betweenthechannel—formingregionandthesourceregionareshielded
frmnthelightbythegatewiringl45,otherthanthechannel—forming
region. Further, because the structure shown in Fig. 1 is the
multi-gate structure, a plurality of channel-foftming regions exist
on one semiconductor layer. Therefore, it is desirable to shield
a region bhetween one channel-forming region and another
channel-forming region from the light by the gate wiring 145.

If the switching TFT is of the multi-gate structure, an off
current of the switching TFT can be lowered. Also, if the current
control TFT is of the multi-gate structure, the deterioration of
the current control TFT due to heat can be suppressed.

Thegatewiring145isformedonandiﬁééﬁtactwithaminsulating
filmdifferent from the insulating film on which the first electrode

113 that serves as the gate electrode is disposed.

With the above structure, the switching TFT of the element
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the second semiconductor layer 201 as a dielectric. The secoid] JUL 200
sem conduct or | ayer has a function of one electrode that constitutes !{he
storage capacitor and also functions as the active |layer of the current
control TFT. Also, the second el ectrode 114 has a function of one

el ectrode that constitutes the storage capacitor and is electrically

connect ed¥°6 17 SdFaPn Preghonlatdt treoms viechitagt BFTeRY §bee q_plrﬁq_fgt 9
el ectrode 143. In addition, a part of the second electrode 114 functi'ons

as the gate el éFpodecapatheocynlesical ety foddde cEyEL DL, Jthe, Gurrent
control TFT is forned of a p-channel TFT, and aérpgr}t5| o? t%gg:s?g%{&#&ary

sem condgepaciltayer of Sorddetkad 3 FRPHELtYE € s.that impart the p-
type, conductivity.. Al so, a parlt of the &Ifsgc%%gsgzein?%%ﬁ%ﬁfb FE9Tayé¥ e Tnhi ch

forms oneoel esd rodecehat e SEOLA06 14 Cit&'lf(-)l;irilﬁs e?%iergg \é“%t&gxp%gaet {cg‘gr‘é;{sﬁ,?’age

el ements that inpart the p-type conducti Vi
capaci t ogpks skepRd Ry, US| he second ectrode, but is not limted to
this structure, A pisxeﬁg%gtﬁrgﬁté ar zaﬁﬁﬁrégg LWpacitolesitity dheasespad t or

el ectrodg ji$c gha gggqtma ge applied. Al so, the nunber of masks required
for formng the ePerren ayf% 2§ Gndges: etipseratectindaghat gionelt ipatkison
W th thetR(iaxg# structure shown in Fig. | and the driver circuit can be 6.
That is, “a frr8t?HEsRIPREILSEdaRS pheq efunathons rast thenmapansectayelayer 200
and the second sem conductor |ayer 201, and a second nmask is used to
y
pat t er n F%% current control TFT. Also, the second electrode 114 has a
function of one electrode that constitutes the storage capacitor
and is electrically connected to the drain region of the switching
TFT by the connection electrode 143. 1In addition, a part of the |
second electrode 114 functions as the gate electrode of the current
control TFT. ’

Further, the current control TFT is formed of a p-channel TFT,
and a part of the second semiconductor layer is added with impurity
elements that impart the p-type'conductivity.. Also, a part of the
secondsemiconductorlayer,whichformsoneelectrodeofthestorage
capacitor is added with the impurity elements that impart the p-type
conductivity.

In this example, the storage capacitor is formed by using the
second electrode, but is not limited to this structure. A pixel
structure where a capacitor wiring or a capacitor electrode is

disposed may be applied.

Also, the number of masks required for forming the element
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first electrode 113, the second el ectrode 114, the source w 2i1ng’UL1fgmand
the current supply line 116. Athird mask is used to cover the n-channel
TFT when the inpurity elenments that inpart the p-type conductivity are
added to the second sem conductor |ayer 201, and a fourth nmask is used to
form contgggspol s that reach the first sem conductor |ayer, the second
seni conduct of -T ay8r eV heg f reixe k| pettome, withe IRCPNGe8l ELL04E, t he source
W ring anﬂ%t Jg%c::]rererl{)ﬁh;uppl y line, respectively. A fifth nmask |SS§§¥B to
pattern t nne@t | detivedesitd®it 1y a nd t.he gate
wiring 145, and a sixth mask is used to pat t%f% tﬂ%%?iie " &l géfﬁgd@aﬁh@

As describedssove, partdie teasei of+ t<ag R ugtyure.shown  in Fig. 1,
the active matrix EL display device hi glh-?lﬁhfﬁggpilz%geﬁr zgge??%rtéler agrendan

be real i zZ=NIeiduc sl layeidbgh | of ..The deyice thus structured
according to the present inventi onng\?\?ﬁect?él dggégi bed' 95 Hor eadisean! thet h

the fol | duimgr eThedidmy 5.13E i enbodi nent of the present
invention will be described \rltmigg% gggﬁgré%e% P gd4.3AheoseBroa withng of

manuf act urilsngna phIEl t.ian nd a TET on a driver circuit portion
di sposed in the peri pﬁgﬁ%;/nélgugﬁ¥ FUre V4 -of AttHrigs gebkpos tisen ab dhgesane

time wl !thgenggﬁgﬁ%%-dm,#:gpgg:%ﬁ exanpl e, a pixel structure having two TFTs

on one pixel iS 'S APEEL T gre bdmartiss tbacrimtdantha e
circuit, C'\g@id%r& i.S. a basic circuit is shown as a driver circuit. First, as
shown i n"Fi'g. SAVIEYhate 3949 101 the Secomd demixonductor layer 201, and

a fourth mask is used to form contact holes that reach the first
semiconductor layer, the second semiconductor layer, the first
electrode, the second electrode, the source wiring and the current
supply line, réspectively. A fifth mask is used to pattern the
connection electrodes 140, 141, 143 and 144 and the gate wiring
145, and a sixth mask is used to pattern the pixel electrode 14e6.
As described above, in the case of the pPixel structure shown
in Fig. 1, the active matrix EL display device high in the pixel
aperture ratio can be realized with a small number of masks.
The device tﬁus structured according to the present invention

will be described in more detail with the following embodiments.

Embodiment 1

An embodime-nt Oof the present invention will be described with
reference toFigs. 3A to 6B. Anmthodofmanufacturingapixelportion

and a TFT on a driver circuit portion disposed in the periphery
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t hi ckness of 300 nmon a gl ass substrate 100. In this enbodi n@nt Jula 2004
silicon nitride oxide filmis |lamnated as the under film 101. At this
point, it is preferable that the concentration of nitrogen of that film
which is in contact with the glass substrate 100 is set to 10 to 25 W%
Al so, a %agcg1 of . the under film 101 can be fornmed of an insulating film
cont ai ni’Ag “8f1 PLERT (PHT bhPR ixultaie, samsi timomwinilt beddesxirdseaf i |1R a2
silicon nitride filmis preferable). The current control TFT is liable to
be heat 8§EPdce & PhXgbk sruentrd hawsnntiHerrry eNbneCONks ol 3 F}yow%nd it
is effective that an insulating filmhaving a heat radiation effect i s

di sposedornstihpliifécaitiynobrt BReCHEEERIpt LONT rHlovdel- %&ﬁ uent.ly, .an
anor phous silicon film(not shown) is f%rmad to a thcllc neg:g’ g-th A on

t he under baklim t@tcthhtoughsaoinong £itm positiqn nethod. The fil m does
not need to be limted to the anorphous %ﬁgﬁel coné",flqzln'm as long as it is a

sem conduct orpfi&m (48¢C i.0Q: a1 cr,qecrystallipe sem -conductorfilmwth

t he anor phous st rEnct%%]eé. Ipnglna?d'l i 03% é %%ﬁ%oﬁﬁf" s@ﬁ cohd R EA ol & wi t h
t he anmo t such as _an anor phous silicon germaniumfilmmay be
used. 1%928}{1%3%% 62%83?5 AF1 g‘ognt%gilaﬁiscﬁ‘ﬁ%% ¥fe 108 -f i Fin ‘%si%@ﬁ“bpéizl@nﬂ:o 100
nm TheQ,s%ﬂa g&mrjgpou silicon filmis crystallized through a known
techni que T T 0f Ma crY3tHFtdnd idm iisohariPat¢dl 39 e lwlerm £ilm 101.

pol ycryﬁa}_]l line silicon filmor a polysilicon filnm 102. As the known
crystal Tt Zi'Hg REELRGd, 1Erkey @raterableathat reatbheengraclbndf nitrogen

of that film which is in contact with the glass substrate 100 is
set to 10 to 25 wtg.
Also, apart of the under £ilm 101 can be formed of an insulating
film containing silicon (in particular, a silicon nitride oxide
- filmor a silicon nitride £ilm is preferable}. The current control
TFT is liable to be heated since a large current flows in the current
control TFT, and it is effective that an insulating film having
a heat radiation effect is disposed in the vicinity of the current
control TFT. |
Subsequently, an amorphous silicon film (not shown) is formed
to a thickness of 50 nm on the under f£ilm 101 through a known film
deposition method. The film does not need to be limited to the
amorphoussiliconfilmas longasitisasemiconductorfilm (incl‘aciing
amicrocrystalline semiconductor £film) with the mnérphous structure.
In. addition, a compound semiconductor f£ilm with the amorphous

structure such as an amorphous silicon germanium f£ilm may be used.
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using a thernoelectric furnace, a |aser-anneal crystalli zi?—ng}i aELhddl4 usi ng
a | aser beam and a | anp-anneal crystallizing nmethod using infrared rays.
In this enbodi ment, an excinmer |aser beamusing XeC gas is enployed for
crystallization. In this enbodiment, an excimer |aser beam of the pul se
osci | | at%\gn tyge which is processed linearly is enployed, but a
rectangular®r asBf BRARKARYS bef erpd aieldy oy <t agep kasepobgam of  the
continuous oscillation type or an exciner |aser beam of the continuous

oscillation typeerartive ampiooyed. shnitbhsseipodi %’ta{%}iﬁzt‘éﬁy%ém | i ne
. bU e

silicon filmis used as the active layer of the fiBFBRods

si | i con ¥ndwn ceachbequs egh asothey j I r. . AL.so, iLt.is possible that
the active layer of the swtchi nﬁé¥%alrﬁ§ FLagFPBnfibp \Q\Eilﬁ‘ﬂ Aedededt o be

reduced a ip® Ifveoyed 20f1 ithe silicon film and the active |ayer of
the current control TFT i ??%%%%f" Phe? etdiiiicne §HmtdP 3. | As tBecause

the anonghaus ogddiegn sfislmis. low in the carrier nmobility, it is difficult
to allow a currglnt torll o rln?lt{l?lﬁ/' a 868 isaoRrTryPtRMlandnghee ofidd

current therei.n. I n other words, both advantages of the anorphous
silicon 1}fsfi|rf% ?\rlyh\ﬁ% A5 O LG ERaG s g tager-30pea04 ydhithililduin ¢t me fhew and
t he cry%%q_:nl ine silicon filmin which the current is easy to flow can be
made userul"d therSefs bﬁ”?ﬂ'\/\ﬁnidnaFilQmPSBpnaa{hrorgstéaylaiz*iﬂgnrﬂ@@uj(prd@ﬂl&f a
silicon,oxide film is formed in thickness of 130 nmon the crystalline

si i con*fifArEd2iarhe I thbesgbofiinbatprat egtimer Niak@ri038Y RS xac:

gas is employed for crystallization.

In this embodiment, an excimer laser beam of the pulse
Ooscillation type which isg processed linearly is employed, but a
rectangular laser beam may be employved, or an argon laser beam of
the continuous oscillation type or an excimer?laser beam of the
continuous oscillation type can be employed.

In this embodiment, the crystalline silicon film is used as
the active layer of the TFT, but the amorphous silicon film can
be used as the active layer. Also, it is possible that the active
layer of the sSwitching TFT an off current of which needs to be reduced
is formed of the amorphous silicon film, and the active laver of
the current control TFT is formed of the crystalline silicon film.
Because the amorphous silicon fiim is low in the carfier'mobility,
it is difficult to:allOW'a':urrent to flow in the amorphous silicon

film and the off current to flow therein. In other words, both

advantages of the amorphous silicon film in which the current is
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sel ected froma range of from 100 to 200 nm (preferably 130 24 i40 284 .

Al so, the protective film 103 may be fornmed of another film if it is an
insulating filmcontaining silicon therein. The protective film103 is
provi ded for the purposes of preventing the crystalline silicon filmfrom
being directly exposed to plasma when the inpurities are added and of

enabl i niE Fidel e e ehtaatanh tontardstalhene E€3isbn MBSkS 194z, pad 104b are
formed on the protective film 103, and inpurity elenents that | npart the
~N-type CHFRRITYE i Ad teasy hey ef Iwf tain nef ehiedukarg$. an n-type inpurity

el ement) are added through the protective film 103. The n-type inpurity

| o, ) | | onging.t 15, typicall
el enents rmay I, € Pise SBRLAL hﬁek‘ﬁ%e fireny %L%%e%g%gggflg?%ggpﬁ%m@edyopi! catly

phosphorus or arsenic. In this enbodi nent,” phos rus o

at ons/ cra 311 scadded aby jus] {%f&?ﬁe& L 8% c%%%;@%&'ﬁ%ﬁ% ﬁ\ﬁhﬁge(e cp%agarﬁiq%

excitation is conducted w thout maSs-sépar

needl ess 10 SAY £4 hat e i inj.ection nmethod in which the mass separation
i's conducted na§E2§ éﬁ%foi@g% il &88§8 PretagfLise & 4mh 19dcthas reanner

t hat ttugéxé&@ga fgggurit%Pélenents of 2 X 1016 to 5 x 103-) atons / CMB
(representativel y & A7°9% @B LxoPol 0 Qtten8 0L B ( nine fegaddivt 301 bn larce
contained)in %g 2 1 JUL 2 004 an n-type inpurity region 105 forned through
the aboVvE&'’proceSs: CRRRERRRFEIYE fidmshedrman B gorBEd vheapste@ctig fil m
103 and the resists 104a and 104b are renpved to activate the added
el enent ¢theton§fng™ o Bkt Wy AikmownntethbhgueiMmyohe tusedihor e
activating nmeans, but in this enbodinment, the elements are
protective £ilm 103 is provided for the purposes of preventing the
crystalline silicon film from being directly exposed to plasma when
the impurities are added andof enablingafine concentrationcontrol.
Then, resist masks 104a and 104b are formed on the protective
£ilm 103, and impurity elements that impart the fl—type conductivity
{hereinafter referred to as an n~type impurity element) are added
through the protective £ilm 103. The n-type impurity elements may
be representatively elements belonging to Group 15, typically
phosphorus or arsenic. In this embodiment, phosphorus of 1 x 10
atoms/cm® is added by using the plasma doping method where plasma
excitation is conducted without mass-separating phosphine (PH;).
It is needless to say that the ion injection method in which the
mass separation is conducted may be employed.
The dose amount is adjusted in such a manner that the n-type

impurity elements of 2 x 10'° to 5 x 10" atoms/cm® (representatively

5 x 10" to 5 x 10 atoms/cm®) in concentration are contained in
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activated by irradiation of the exciner |aser beam The exci:gn;r JULa@[@% may
be of the pulse oscillation type or the continuous oscillation type, and
the | aser beamis not limted to the exciner |aser beam However, since
the | aser beamis used to activate.the added inpurity elenents, it is

preferalynenthﬂ,tp r beamis_irradiated onto the inpurity elefents
with an energy be;qmugﬁeclyhé:egépﬁsllgpl fREME| FeBAUER | the s2trte metdeeths .

Further, the IS% er beam may be irradiated onto the inpurity elenents while
the protective “rriftE63Yr effli FROWS 30 Fig. BF.t hbeaprovadttore of i the o3
irrpurityéﬁldﬁrrents by the | aser beam the activation by a heat treatnent
may be & B FesdgdtndOdal andt he4basee of eoneldicté nge e theath d LRiJENT
the heat treatnment nay be conducted at about 450 to 550C, taking the heat

resi st afd&mentst helenbing ate Group ronsid&nadivhofecHii qudhRGens fBkESs AN end
portion of the n-type inpurity region 105, that is, a boundary portion (a

j 0i Nt - p&PEI Gt inatting meGinen BHETie tH N-dnHRR HERY | thee! are not
added which exists in the periphery of the n-tlype irrpu?i teégﬁl%élﬁzosnaf&

defini tectThasefiabty ipeans t hanpel -form n
efiaby 1 at Dad Sﬁ%ﬁ@gfﬁgﬁeﬁglgggr. anrgbr%%lgepgm

region can form19 2 1 JUL 2004 a very exc nt join

of the erystallne o T oonf I ars: ¥ oumd o 01 151 BRA. 1G0RG 1naons
Se”iCO”QEEEQiaEEEHBtﬁggr%ﬁﬂ?% grlégggﬁkﬁglgg ggt%ﬁ%&%%dlggaﬁizei%gmego 109.
laser beam. However, since the laser beam is used to activate the
added impurity elements, it is preferable that the laser beam is
irradiated onto the impurity elements with an energy by which the
crystalline silicon film is not melted. Further, the laser beam
- may be irradiated onto the impurity elements while the protective
film 103 remains as it is.
In the activation of the impurity elements by the laser beam,
the activation by a heat treatment may be conducted together. In
the case of conducting the heat treatment, the heat treatment may
be conducted at.about 450 to 550°C, taking the heat resistance of
the substrate into consideration.
Thisprocessmakesanendportionofthenftypeimpurityregion
105, that is, a boundary portion (a2 joint portion) with a region
where the n-type impurity elements are not added which exists in

the periphery of the n-type impurity region 105 definite. This fact

means that the LDD region and the channel-forming region can form
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Then, as shown in Fig. 3E, a gate insulating film110 is so foZr?EdUESZH{}@
cover the active layers 106 to 109. The gate insulating film 110 may be
formed of an insulating filmcontaining silicon having a thickness of 10
to 200 nm preferably 50 to 150 nm The gate insulating film 110 may be of
a single-] I@égr structure or a lamnate structure. In this enbodi mrent, a

110 nm t hi ¢k gi TTCoN-h 0Fiiaé BREdeor idtna i tsines edehothd h@ﬂ@&%drﬁﬂ&@éd ng
film 110. Then_ a conductive filmof 200 to 400 nm t hi ckness i s formed and

then patter nedTPSHfr ordf gehewe| ot Fades 311 drthedds s -0y 5{@ O?g 415 and
a current supply line 116. The respective end porti ons

el ectrod&é§Ystalddnglasifheonoureemwi £+89 Ads,angd t yrrent SUDD' y | i ne
116 can be tapered. In this enbodinment, the gate e ectro bs TLEN5 1ike and

| ead wi r FAGECOhEneinalt BImg ehereedartQ rings) electri call
connected to the gate el ectrodes 111 f%se#?r%d%?oéf' hed 6Ffedjr?¥%?%ht106

insulatihg fobos. Al so, the gate el ectrodes may be forned of a single-Ilayer
conductive filmbut may be preferably forned of a lamnate film such as a

two- 1 ayer fil nrgdna g, rofil s occasi on demands. The gate
el ectrodes may be forrre aglyFk%b cGhdGEEi ¥RsTipringof Pl 10 12004 |t

i's prefefaphéestyl e el ectrodes are made of material which can be
subj ected to a 1[%?%1? tﬁg%ﬁggz%%gcgévae}sa@ﬁrﬁeﬁo%ﬁ@v@9 sp&lief god iy sunkikghgcan

be pattegpgd jyya Ll width of 2 amor |ess. Representatively, a film nade
of el errents se ecntlaéﬁl ‘?of?ﬁlt'r?%i Yr GUp leendiadtingg £oflmt aphabumtagayiitbLgani um

(Ti), denumt%
_ ickness of 10 to 200 nm, preferably 50 to 150 nm. The

gate insulating film 110 may be of a single-layer structure or a
laminate structure. 1In this embodiment, a 110 nm thick silicon
 nitride oxide film is used for the gate insulating film 110.
Then, a conductive film of 200 to 400 nm thickness is formed
and then patterned to form gate electrodes 111 to 114, a source
wiringllSandacurrentsupplyline116. The respective end portions
of the gate electrodes 111 to 114, the source Wiring 115 and the
current supply line 116 can be tapered. In this embodiment, the
gate electrodes 111 to 114 and lead wirings (hereinafter referred
to as gate wirings) electrically connected to the gate electrodeé
111 to 114 are formed on different insulating films.
Also, the gate electrodes may be formed of a single-laver
condgctive film but may be preferably formed of a laminate film
such as a two-layer‘filnloreathree-layer-filnlas occasion demands.

The gate electrodes may be formed of any known conductive f£ilm.
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tungsten (W , chromum (Cr) and silicon (Si) , a nitride filgfhaﬁ%-zwﬁ t he
above el enents (representatively, a tantalumnitride film a tungsten
nitride film and a titaniumnitride filn, an alloy filmmade of the
conbi nati on of the above el ements (representatively, a Mb-Walloy and a
Mb- Ta aLﬂog%, or.a silicide filmnmade of the above elenents

(represent ati VeP§STaltRirgetea phite efee dtitaremndra madiet af imamesiilalcilecs i | M
may be qu{oyed. It is needless to say that those filns may be of a single

| ayer or®# PEAYPdeses /e a fiming Brembodhsescrd beaiiate éﬂ;é&ﬁ_p@éj(%ipgl
Irm

of a tungsten nitride (WN) filmof 50 amthickness and a tungsten

of 350 wihdthickness pactegedd iThias 1finkmaaY nbgsf or Bd Jhy (sRYt tering.
Al so, the addition of an inert gas such as Xe or Ne as a Spuftering gas

can prevent t IR hidsenananehgi,ng Peel Gl bedueddh b SHEEST A0, AL this

point, the gate electrode 112 is forned to overlap a part o Ype

| mpur | t s 6008 cthbfbd Rendal fnl Ak At Uhl MALORLILERROSSA )

t her ebet ween. The overlapped portion Tormnms L
super i npesedt YRS dahe ﬁi&ﬁt<ﬂﬁﬁ' Then, .as iC wn in Fig., 4A, n -type
i mpurity elenents (phosphorus (l A% Sabsar §¥?'5R81$Ha@8 folpHeadsr f
ace Wthethgsfirst electrode 21 2 1 JUL 2004 including the gate el ectrodes
111 to 114 as a naeskél?eﬁne ol(FePEPPEREAG LY Rbkinet .tapﬁﬁgrlmwlt@g@@risim7 to
124 thus forned are .adjustably added w th phosphorus with the
s,_Laged are ad) PN
concent fati o “of M2 f41m;r apfedefihanyenynitBide £y14)) ofart hel Tosyt ype
inpurit%_region 105. Specifically, the concentration of phosphorus is
pr ef er a I]__}mélé':tde of the combination of the above elements (representatively,
a Mo-W alloy and a Mo-Ta alloy), or a silicide film made of the
above elements (representatively, a tungsten silicide film and a
titanium silicide film) may be employed. It is needless to say that
those films may be of a single layer or a laminate layer.
In this embodiment, a laminate film consisting of a tungsten
nitride (WN) film of 50 nm thickness and a tungsten (W) f£ilm of
3530 nm thickness is used.. This film may be formed by sputtering.
Also, the addition of an inert gas such as Xe or Ne as a sputtering
gas can prevent the films from being peeled off due to a stress.
Also, at thispoint, the gate electrode 112 is formed to overlap
~a part of the n-type impurity region 105 with the gate insulating
film 110 interposed therebetween. The overlapped po'f-fion forms the
LDD region which is superimposed on the gate electrode.

Then, as shown inFig. 4A, n-type impurityelements (phosphorus

in tr_lis embodiment) are added to the surface with the first electrode
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to ] x 10" to 5 x 10'8 atoms/cn8 (typically 3 x 1017 to 3 x 102 latdhs200%
[ CM3). Then, as shown in Fig. 4B, resist masks 125a to 125d are so forned
as to cover the gate electrodes and so on, and n-type inmpurity elenents
(phosphorus in this enbodi ment) are added to the surf ace to forminpurity

regions 1 130 i_ni hosphorus with a high concentration.
Simlarl é%@tl?il:asl% r%rgée)g’é%lese‘{c"‘%f‘l It Lt hricubht ashempek Hopigrl fretitiomh ingi ng

phosphor PHA, and the concentration of phosphorus in that region is
adj ustedHIt% 51%6@6\ 1@“2&?%51’ Feiros1l L at o Ad A iR s(Famresbent atijuekyb2yxahRd0 to
5 x 10" atns/cm ) . Through the above process, the source region or the
drain rediréf SRR IFGhaaneth TFThe s oneretrdinion heosw t ¢hi NgoTFT, 1part s
of the n-type inpurity regions 120 to 122 formed in the process of Fig.

4A renai ATePREASNEStaMelm LA3FEg.1AG dienkesi sypdBsisu b 2120 o3 €
removed, and a resist mask 131 is newly fornmed. Thereafter, p-type '

i npuri t ySekemEntsllpor ohei BohbesteabOGh BNt Ih A Added nf, age to
forminpurlty regions 132 to 135 cont ai ni ngﬁ borlgln W th Sta%kﬁeg%r%%ly se

concentr abilanliotn:s ki % r i 5 11 ace through the
et hod oo o ar P O A ey PR AR A 22 0

i on dopi ng nethod using di borane r _
UL 2004 of bonsis borgnih, X:1020. (g S Je I RLoUS! pIL (1emresentatively
ot oms/ crbe Tand 5T Eekd ne o e Lo Br et apd Saudea e R neTBeRPRSsiay
dleast théfgments {phosphorus in this embodiment) are added t
0 the surface
to form impurity regions 126 to 130 containing phosphorus with a
high concentration. Similarly, this process is conducted through
the ion doping method using phosphorus (PHi), and the concentration
of phosphorus in that region is adjusted to 4 x 10%° to 1 x 10%*
atoms/cm® (representatively 2 x 10%° to 5 x 102 atms/cm’) .

Through th_e above process, the source region or the drain region
of the n-channel TFT is formed. Tfn-'the switching TFT, parts of the
n-type impurity regions 120 to 122 formed in the process of Fig.
4A remain.

Then, as shown in Fig. 4C, the resist masks 125a to 125d are
removed, and a resist mask 131 is newly formed. ' Thereafter, p-type
impurity elements (boron in this embodiment) are added to the surface
to form impurity'regions 132 to 135 containing boron with a high
concentration. Inthisexample, boronisaddedtothe surface through

the iondopingmethodusingdiborane (B,H,) such that the concentration
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times or nore as nuch as phosphorus. For that reason, the n-tgpé JUImpari ty
region fornmed in advance is conpletely inverted to the p-type and "~
functions as the p-type inpurity region. Subsequently, as shown in Fig. 4D,
the resist mask 131 is renoved. Then, as shown in Fig. 5A after a first
interl ayer. i nsul a%i ng film136_has been forned, the n-type or p-type

i mpuri ty °&l EYENTs Pe5@aES Wi khlpHe tdi Bf &r oot QeB&eNLhAL (0 ﬁﬁ%ctt.i‘yellyy are
activated. The,first interlayer insulating film 136 nmay be formed of ‘a
single PagertOf %h I rsulefti agordis femigant aining silicon or a laminate film
consi sting of the conbination of two or nore kinds of insulating filns

cont ai ni ng si | PboaphAras,hde1 tbheknRss QEQQB?%J kﬁ@ﬂ}%ﬂrﬁ%mﬁ%i%ﬁ% nm
e e fi

to 1.5 9m In this enbodinent, a silicon nitri oXi
t hi cknessoi 3% arinmrdl tae thachhishiBLeld aygr, donsul atings film 136, The
activation may be conducted thr ougﬁﬁa& ?urﬁn}a%e Pirfed ?ﬂzgl ?r’é?rﬁ%ﬂ?m%: laasler

anneal i ngopehhedaod &, | ! thod. In this enbodi nent, a heat
treatnent is conductﬁé}j t?ir@aﬁpgﬁ%%m% ggﬁﬁgcg? drifac8TiAgerat Inastogbmree

at mosphef enat SpORSG 4 hours. 23 2 -11 JUL 20D4 In this situation, the
first interlayer | ns%lc%l;st NG PP PRISRRATWhs  £9TnEhat Temwsqm.evdnt nAgype

oxi dat i Oﬂné}gr.{@? gate el ectrodes. In addition, a heat treatnent is
conduct ed ‘under~ an %T’%sgﬂ’érl‘%d oGy Iy droogdrtelly3 ihoet@@dt tat ¢8R0 to
4500C for 1 to 12dhours _to conduct a hydrogenation process. This process
is a pr&%ég%p%fan functions as the p-type impurity region.

Subsequently, as shown in Fig. 4D, the resist mask 131 is
removed.

Then, as shown in Fig. 5A, after a first interlayer insulating
film 136 has been formed, the n-type or p-type impurity elements
added with the different concentration, respectively are activated.
The first interlayer insulating £ilm 136 may be formed of a single
layer of an insulating film containing silicon or a laminate film
consisting of the combination of two or more kinds of insulating
films containing siliceon. Also, the thickness of the film may be
set to 400 nm to 1.5 um. In this embodiment, a silicon nitride
oxide f£ilm of 200 nm thickness is formed as the first interlayer
insulating film 136. The activation may be conducted through a
furnaceannealingmethod,alaserannealingmethodoralampannealing

method. In this-embodiment, a heat treatment is conducted in a

thermoelectric furnace under a nitrogen atmosphere at 550°C for 4

hours.
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term nating dangling bond of the sem conductor film by hydr ogenzt'hé*"rurjralzpq;t
excited. As another hydrogenati on neans, a plasnma hydrogenati on (using
hydrogen excited by plasna) nmay be conducted. |In the case of using a
| am nate filmas the first interlayer insulating film 136, the hydrogen
process may be_conducted between a process of form ng one |ayer and a
process of for AfngHfot hskuatbyrer . tﬂ'daelﬁ;er,hennttbmagéirvatnis@rlamig%esﬁllp(gs
been compl eted, as shown in Fig. 5B, after a second interlayer insulating
film 137 INASTHOBS a$ oremod, £ovmtastenhahesoal® f UHBE tink E;Q%efélf?éété f}}le” ayer
insulating film 136, the-second interlayer insulating film13 and the gate
insulating fil mEEIO At &erdat beed L i1 i el udin he
SRARCLS \(:%fn\ﬁ‘uct@gsur(d%]xc an aeté%;.(?én&rfafe

connection el ectrodes) 138 to 145, and thereafter a pixe

whi ch i scoftagntagt nw e cti el ectrode 141 is patterned. Fig. |
shows a fop vieM/gfhgh%?géﬁ %%???%nagﬁg %%ﬁ%“)gﬂe4ﬁ?§éF°§lécF?oH%fEEGShas

been for fBdeconfdcf ETHRRPrG i.onal _ view taken along a dotted line A-A or
a dotted line B-B inFg t!cj'é)?lr SPGRAER -t ghﬁsgPrQE.%s?héss%G%?ﬁPq%ﬂ @fl ayer

i nsul at i ag b e formeqd of 24 2 1 J UL 2004 a fil mnade of
organi c rggﬁg#gg%ggtﬁgxggﬁgﬁi OPEsPh Ry TRPIRAYRTRE £iRe yamitdeirogeny| i c,
BCB (ben%3g¥ﬁ£9$utene, or.the like. In particular, since a second

i nterlayer i noulatiTGh9%m 3455 &nokBaRi MyldogenkitaAbnensthnsacr 3l ipdaswger i or

in flatngsa is preferable .
ydrogenation (using hydrogen excited by plasma) may be conducted.

In the case of using a laminate £ilm as the first interlayer
insulating £ilm 136, the hydrogen process may be conducted between
a process of forming one layer and a process of forming another
layer.

Then, when the activation process has beenf completed, as shown
in Fig. 5B, after a second interlayer insulating film 137 has been
formed, contact holes are formed in the first interlayer insulating
fi;m 136, the second interlayer insulating £ilm 127 and the gate
insulating film 110 to pattern the respective wirings (includiﬁg
the connectionl electrodes) 138 to 145, and thereafter a pixel
electrode 146 which is in contact with the connection electrode
141 is patterned. Fig. 1 shows a top view of a pixel portion on
which the pixel electrode 146 has been formed, and a cross-sectional
view taken along a dotted line A-A’' or a dotted line B-B’ in Fig.
1 corresponds to Fig. 5B.

The second interlayer insulating film 137 may be formed of
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'n thi's embodiment, an acrylic filmis formed with a thicknesé tril 200
enables a step forned by the TFT to be sufficiently flattened. Preferably,

the thickness of the acrylic filmnmay be set to 1 to 5 um(nore
preferably, 2 to 4 11 m) . The formation of the contact holes is made in

such a rrg(r)\fpei that contact holes that reach the n-type inpurity regions
126- 130 “orlth&@aget yperigapurites regh0dSnk32rdoh 135 s 69NLACL , hal.es that
reach the source wiring 115, contact hol es g%hat rggcﬁr&i eb%l?rorlé’ﬁf“léj@ppl y

| i ne ll6Paasamddeactadwfesc t hatrr gafdh A trode, 113 (not shown)
are formed by dry etching or wet gtchizng?crqg)g%écgblg\?eloyr. Eﬁgo,lwer-i nggn

(i ncl udi pgrtheucamneciQ €l e s) _138.to 145 are obtai ned by
patterning a | aminate Fiim of gé&? (?e)'elpfl‘g§%?ye§t racPd~E1PEs fiitimg3 45 ors

conti nuokshdihQENL NG & by fil.mof 100 nm thickness, an alum numfilm
contai ning Ti gf 308 nrﬁ-@t RN AT L E SUPST 19T L IgFa thsm snbs phie€kmebd eby

sputtering dyto ired configuration. It is needless to say that
anot her conduct F@ggﬁifnr%n e BETERPFoY et 45 fpremed milhsa 136 dkoekd5 £ hAkSO,

referenc Qtyfgéal 1%8 denotes a source wiring connected to the p-type
inpurity regron 135 °R3§°r8eg BBuibe WFTi hg bensecfedieholvhelnti¥ngg .
inpurity_ region 127 and 142 is a drain wring connected 25 21 JUL 2D to the

p-type imMpUrTt3P+Rgi e 198 cime sshe fnthypect-ppue i 31 e@iyohe 528 +Al 0y
reference nunmeral 140 denotes a connection el ectrode that connects tﬁe
source W r4 fig (neFeapdetfeeabiyype topurityf .region 128. Al so, reference
nuneral 144 denotes a connection el ectrode
The formation of the contact holes is made in such a manner
that contact holes that reach the n-type impurity regions 126-130
or the p-type impurity regions 132 to 135, contact holes that reach
the source wiring 115, contact holes that reach the current supply
line 116 and contact holes that reach the gate electrode 113 (not
shown) are formed by dry etching or wet etching, respectively.
Also, wirings (including the connection electrodes) 138 to
145 are obtained by patterning a laminate film of a three-layer
structure resulting from continucusly forming a Ti film of 7100 nm
thickness, an aluminum film containing Ti of 300 nm thickness and
a Ti film of 150 nm thickness by sputtering into a desired
configuration. It is needless to say that another conductive film
may be employed as the wirings 138 to 145.
Also, refer_ence numeral 138 denotes a source wiring connected

to the p-type impurity region 132, 139 is a source wiring connected

to the n-type impurity region 127 and 142 is a drain wiring connected
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that connects the current supply line 116 and the p-type i npdiltyUL rddgi on
135. Further, although not shown in Figs. 5A to 5C, reference nuneral 145
denotes a gate wiring which is connected to the gate electrode 113 through
the contact hole. Still further, although not shown in Figs. 5A to 5C,
reference nuneral 143 denotes a connection electrode that connects the

n--type i%fhufiet P-t¥geohmp8fiandréficogat & Llaeehkoge .;Ref erence nuneral
141 denotes a connection el ectrode that é}onnects at ée}rﬁé reJc:W dFE+9or ned

in a subséguendlpoocessepdticd heimstypa 4 ' region 134, Also, in this
enbodi ment, an ITOfilmis formed to adto[\riegkdﬁgég go?oﬁﬁ%cm%,&iqqﬁ@de

patternedhas tbengtxelriad eglode., ] ixel electrode 146 is
super posed on the connection rglge%%ég%%mg’l gé e nrEYBe impeBhEncegionh t he

latter toziakeacLopt acds a transparent conductive film obtained by
ni xi ng i ndi um oxi de W t%%lfcg% oXidE ?gﬁo?eﬁ?t%tfb PReri die alsetrotie

pi xel el eghkodgnd4 omes an anode of the EL el enent. Subsequently, an
insul ating fil m%%‘%%%?%%%&%ﬁﬁ%néoﬁ%’algiH%dlsoﬁndetwmﬁypa himpurity

enbodi mepg) ;s Jfqr me tg a_thickness of 500 nm and an opening portion is
defined af-a positi oh EbRPEsForidionghtert shewpiixelisd eohrtadsc 146£ckankher eby
forma third interlayer insulating 26 2 1 JUL 2,084 film 147. In formation
y g 20 2 : i
of the oPBAPRG. phit i BRC apaese siidenpakhickans heodmasidd derRRIGhY,US NG
the wet etching method. If the side wall of the opening portion is not
suf f i ci ePtPyHRM | %13 thwoulst emiecokatitastoholbe Beilayehrtaused by, Lhe, st ep
| eads to a remarkabl e
: notshownlnFlgs.SAtOSC,referencenumerall43denotesaconnection
electrode that connects the n-type impurity region 130 and the gate
electrode 114, Referencenumeral141denoteseaconnectionelectrode
that connects a pixel electrode formed in a subsequent process and
the p-type impurity region 134.
Also, in this embodiment, an ITO film is formed to a thickness
of 110 nm and then patterned as the pixel electrode 146. The pixel
electrode 146 is Superposed on the connection electrode 141 SC as
U)beincontactwiththelattertotakecontact. Also, a transparent
conductive film obtained by mixing indium oxide with zinc oxide

(Zn0) of 2 to 20% may be used. The pixel electrode 146 becomes an

anode of the EL element.

Subsequently, an insulating film containingsilicon (asilicon
oxide film in this embodiment) is formed to a thickness of 500 nm,
and an opening portion is defined at a position corresponding to

the pixelelectrode 146 . tothereby forma third interlayerinsulating
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probl em Then, an EL | ayer 148 and a cathode (an MyAg electrodZﬂ ﬂﬁi @ﬂ%
continuously formed through the vacuum evaporation nethod w thout exposing
to an atnosphere. The thickness of the EL layer 148 may be set to 80 to
200 nm (typically 100 to 120 nn), and the thickness of the cathode 149 may
be set to 180 to 300 nm(typically 200 to 250 nm. The EL layers and 'the
cat hodesfaime sequenti abtyaf ixel corresponding to red, a pixel
correspondi ng to green and:ggqggkgﬁéé)%¥@§%bﬁaf bo?babpﬁggg%%é§6§éwﬁhé EL
he pi xels of the respective colors

| ayer i Sc@We k@ U i j ne t §

nust be forned gg%g?é%% ye%ﬁﬁ%g%?n%gﬁﬁwaﬁee?ﬁﬂﬁ%ﬂF@ﬁB@ﬂap ftéehaidee.
Therefor@él%togs eferabl.e that pixels other than a desired pixel are
covered With a netal rRSRIPEn®ATHCRL 15y BPtarmfificicatAvdaentrie, the
selectiv5g Eorned_on only necessary portions. In other words, a nmask that
conceal s~ arT-tHe pb?? Poridicekk dgF eriusebbyithel s taw t esgondidigeharkee1é S
set, and the EL layer and the cathode for emtting red light are

sel ect i VISP ¥ ned by using the mask. Then, a mask that conceals all the
portions except for the pixel corresponding to green is set, and the EL

|l ayer and the P2 BERJEL 2dyeathuenion eathbasg( 4 eRAg b8BEtRb8e) 149
selectively fornmed by using the mask. Simlarly, a nask that concCeals al

t he por tdmgnscextemsous by EBEm@EXQhr@ﬁ@he%my“ﬂéﬁhﬁﬂ)éﬂéﬁ%f&%i(ﬁ’ é%ﬁ% he EL
layer and the cathode f or emitting blue Iight are sel ectlvéy Tor by
usi ng without exposing to an atmosphere. The thickness of the EL layer
148 may be set to 80 to 200 nm (typically 100 to 120 nm), and the
thickness of the cathode 149 may be set to 180 to 300 nm (typically

200 to 250 nm).

The EL layers and the cathodes are sequentially formed for
a pixel corresponding to red, a pixel correspénding to green and
a-pixel correspeonding to blue. Because the EL layer is poor in
solution resistgnce, the pixels of the respective colors must be
formed separately without using the photolithography technique,
Therefore, it is preferable that pixels other than a desired pixel
are covered with a metal mask, and the EL laver and the cathode
are selectively formed on only necessary portions.

In other words, a mask that conceais all the portions except
for the.pixel correéponding'to red is se;, and the EL layer and
the cathode for emitting‘red light are selectively formed by using

the mask. Then, a mask that conceals all the portions except for

the pixel corresponding to green is set, and the EL layer and the
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the mask. Although different masks are used in this exanple, ZHe jysapgmask
may be used. Also, it is preferable that processing is conducted with
keepi ng a vacuum state until the EL |layers and the cathodes are forned on
all of the pixels. In this exanple, there is used a systemof formng three
kinds of EL elenents corresponding to RGB. However, there may be applied
a net hod ceft hedrbitprngman+ kL o€ t Lttin iLte light with color
filters, a systemof conbi n?ngggﬁQE{ﬂheﬁee@ﬁgnFeg?ggw?%Y Prek BF Usiimigsh
green |ighte mhth.a 4 r n t.ance (fluorescent color conversion
layer: CCM), a systeir%ﬁ?ln mi ’ch KE% elt«%‘@%n?énc%%}? o hBF R ¥ bl RO eacept
superinp : hode (a counter electrode) by using a transparent

el ect rodg,%%fajtgesg'l%%L %%Ie'r PPRGENY 1% S Ly iBesphideddd WroVBL Metyerd aing | t
is prefertﬁglgahpg the known material is organic material, taking a drive
voltage into consi deratTbhtireblseabivlt arees€led aierl iy rhed vy mednly a
four-lay%B structure consisting of a hole injection |layer, a hole

transpor t *Fa)3FX- a A tGiRudniditifrg chaymasion dimn uekact f Ofhi fjatin | kager -
Al'so, in this enbodinent, there is shown the exanple in which the MAg

el ect r od821'€ TREH may thee usahodkled, tite iELpebesBabse HVe Ocegﬁmg%hode‘
of the EL el enents nmay be nade of other known material. 28 2 1 004

Then, a pPbfectedavith mekalins asoabanmes A% LR teaVefe! IS and the
cat hodes. The protective el ectrode 150 may be for msde %ﬁ lgyceollnsg)é%tdls\;gefi | m

mei nly contBodesgans UPbREEE dheaPr 3Lty 8 1xels.

In this example, there is used a system of forming three kinds
of EL elements corresponding to RGB. However, there méy be applied
a method of combining an EL element of emitting white light with
color filters, a system of combining an EL element of emitting blue
or bluish green light with a fluorescent subgtance (fluorescent
color conversion layer: CCM)}., a system in which EL elements
corresponding to RGR are superimposed on a cathode (a counter
electrode) by using a transparent electrode, and so on.

The EL layer 148 may be made of knownmaterial. Itispreferable
tl_1at the known material is organic material, taking a drive voltage
into consideration. For example, the EL layer may be formed by a
fbur—layer structure consisting'of a hole injection layer, a hole
transport layer, a light emitting layer and an electron injection
layer. Also, in t_his embodiment » there is shown the example in which

the MgAgelectrode isusedas the cathode of theEL elements. However,

the cathode of the EL elements may be made of other known material.
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el ectrode 150 may be fornmed through the vacuum evaporation ngtﬂloélm-b?;p%si ng
a mask different fromthat used when the EL |ayer and the cathode are
formed. Also, it is preferable that the protective electrode 150 is
continuously formed without exposing to an atnosphere after the EL |ayers
and the cathodes are fornmed. Finally, a passivation film 151 fornmed of a

silicon nitridBienj|anprotfarmee E01a 16 CkNESS #3300 ln fact, the
protective electrode 150 functions as neans for Br otae%:l?%lOngcot"'k'iﬂéE EPS §§’er

from noi bayvees anithé dardopassi Vatd gRokbLm, is.formed, the reliability
of the EL el ement can be further engaﬁceéﬂ%%]?s“]‘,ecttﬁgdaecﬁQ/E‘aﬁ'&i‘? fRrmed
di spl ay dleva ceomdudhyStaugt h Lh Fig. 5C s conpleted.

I nci dental ly, the active Tt ﬁagnéﬁ B%E%fﬁwgeﬁwl}i&or RRgPFBtERAtsve
enbodi medite €8P XM 44 T, ry_hi reliability and inprove the operating
characteristic by di spc??i }% y?%&ﬁﬁﬁoblﬂ?‘aﬁhﬁp‘ﬁ?ﬂ}%ﬂ Sageraitéoonmadhodnl y

t he pixel it the driver circuit portion. First, a TFT having
a struct ur %&% gﬁg}eﬁ %%fg%%‘?rﬁ EromnFRatiwied when thedid lsyeasanat the

decrease;:a%g]}e &é)erati]gﬁg speed as nuch as possible is used as an n-channel
TFT 205 of the S t9Teft Pise. fidrvs phefdrabie thatuthe photdéSive

exanple, the drjver circuit includes a shift register, a buffer, a |evel

np . g

shi f ter S5 SHAAG ng 599 &5 1c90tiveods 1 r Eoicne @ anplt e ool ¢4 T ¢y { 4p and

the like. In the case of conducting digital drive, the driver circuit nm
g dig y

i ncl ude SATSISFHEATS ifeer ttdre Elr Aaiybrsuahdasha DAAEQEY eS8  formed .

Finally, a passivation film 151 formed of a silicon nitride
£film is formed to a thickness of 300 nm. 1In fact, the protective
electrode 150 functions as means for protecting the EL layer from
moisture, and if the passivation £ilm 151 is formed, the reliability
of the EL element can be further enhanced. '

Thus, the active matrix EL display device of the structure
shown in Fig. 5C is completed. Incidentally, the active matrix EL
display device according to this embodiment can exhibit a very high
Teliability and improve the operating characteristic by disposing
the TFTs of an optimum structure on not only the pixel portion but
also the driver circuit portion.

First, a TFT having a structure by which a hot carrier injection
1s reduced so as not to decrease the operating speed as much as
possible is used as an n-~channel TFT 205 of the CMOS circuit that

forms the driver circuit. In this example, the driver circuit

includes a shift register, a buffer, a level shifter, a sampling
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In case of this enbodiment, as shown in Fig. 5C, the active Iajeillof20he
n-channel TFT 205 includes a source region 152, a drain region 153, an LDD
region 154 and a channel -form ng region 155, and the LDD region 154 is
superinposed on the gate electrode 112 with the gate insulating film 110
i nterposed therebetween. The reason for that the LDD region is fornmed on
only theCHFaiht feghphe sitle holdescapse:t hewppenal ing.speed is . prevented
from decreasing. Also, it is better that the n-channel iETk§85C88850ﬁot
requi re ¢hredodticgraenttamaliye vauchybui 4 r h rating. speed as
i nportance. Therefore, it is desirabl ert at Cgﬁghﬂgﬂﬂggg%noc&‘%ﬁla pégnal
conpl et edyneapesF "POSEH; © t ectrode, and the resistant conponent
is reduced as nuch as posg%{}g.ag%hagtlﬁgp‘s,colntvelfgeﬁetter to elininate

TFT 206 of the CMOS circuit is

so-cal l ed of f : S I nce - channel

hardly det erislg-%gtagg g;f/ ﬁfcl) gc%rﬁl[?‘?%}m?rh‘i'e&% SROYRNhED IS + 861 -0 heagchbte be
particularly,. glfs osed. It ii'EOSSi ble that the LDD region is disposed as
in the n-channel “TET 58876 THh0er headudes agapweee Fegicart52r = araifhe
driver circuit, the sanpling circuit is relatively special as conpared
with ot K& ciidrs PedRik &egion g c@ndent chihows -Enrnhegchagneh- f o€ m ng
region in two directions. That is, the actions of the source region and

the draidtd éqicohDRr segéphattd 86 Fufedihp RO diy tﬁacba@éhéﬂ.ec{:fo&gdi%i on,
it is necessary to suppress the off current value as much as possible, and

from t hi%-th dlsoigate iinsidlatdes rrahke 1tlbat nkBepdEIahens Agoaf,L o) er medi at e
functi on between the )
The reason for that the LDD region is formed on only the drain

——

region side is because the operating speed is prevented from

decreasing. Also, it is better that the n-channel TFT 205 does not
. require the off current value much but regards the operating speed

as importance. Therefore, it is desirable thaf the LDD region 154

iscompletelysuperimposedcn1thegateelectrode,andtheresistant

component is reduced as much as possible. That is, it is better
- to eliminate so-called offset.

Also, since a p-channel TFT 206 of the CMOS circuit is hardly
deteriorated by hdt carrier iﬁjection, the LDD region may not be
particularlydisposed.ItispossiblethattheLDDregioniscﬁspose&
as in the n-channel TFT 205 for countermeasure against hot carriers.

In the driver circuit, the sampling circuit is relativéi;
special as compargd with other circuits because arlarge current
flows in the channel-forming region in two directions. That is,

the actions of the source region and the drain region are replaced
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switching TFT and the current control TFT is disposed. In fdct,JjUif gn4 t he
device shown in Fig. 5Cis conpleted, it 1is preferable that the device is
packaged (sealed) with a protective film(a lamnate film an ultraviolet
setting resin filmand the 1like) high in air tightness or a housing
material such as a ceramic sealing can so as not to be exposed to the

ext eri or PYl gachi otdietruat inrgacididhe sisnter i, the _housing material is
made in an inert atnosphere or a hyglr oscoplg%e%?gyi &y ??Qﬁrg%@eepfrfari um

oxi de) i sudirepasedluwi 49imidihesh L teri the reliability (lifetime)
of the EL layer is inproved. Al gg%??l hear.éﬁk ?‘J]{Ol“bﬁgﬁés@?‘ép@ﬁh‘andedihy a

process guehraslepeikadifig connector, (flexible printed circuit: FPC) for
connecting a term nal dramﬁF?r%aﬁ]’Jt%aglW&e%aﬁ%éuépﬁéghtbeﬁwmdheon

the subsgyatenapnd aprexterpal signal termnal is fitted to the device,
t hus conpl eting ghe?geé%’geggg %u%%‘amqnw FEFMiispldiypoded.ce which, is
in a state Wnelgf't can be shipped is called an EL nodule in this

speci fication. Fi ga.‘c%’Aai & t8p Jeeirefshdwn En Fodul sc (3. dimpRlea gdeyice)

obt ai nedi$¥rte%e al%g\\%e manuf acturing nethod, and Fig. 6B is a
cross-sect ronal- Vicew bprat Kéepleviothulie pdakddedt (Sdalsef %@Hcaepggggé@hvéom
a

denot essﬁa, ubstrate, 4002 31 2 1 JUL 2004 is a pixel Portion, 03°7's
sour ce 'Jdlz“ drd v]eqméﬁf(ﬁuiﬁ;lnandn4ﬁmﬂrair§oﬁe@8é@t§i;¢gg I(ysii\{le%iihr i End)
the respective driver circuits reach an FPC (flexible printed ci fictﬁl?)
4006 t hrigdgh &iwihr in#0@5ghtness or a housing material such as a ceramic
sealingc ' .
gcansoasnot tobe exposed to the exterior. Inthissituation,
if the i i : . .
e1nterlorofthehou51ngmater1al1smadeinaninertatmosPhere

Oor a hygroscopic material (for example, barium oxide) is disposed

within the housing material, the reliability (lifetime)u;a_f the EL

layer is improved.

Also, if the air tightness is enhanced by a process such. as
packaging, a connector (flexible printed circuit: FPC) for
connecting a terminal drawn from the elements or the circuits formed
on the substrate and an external signal terminal is fitted to the
device, thus completing the device as a product. The EL display
device which, is in a state where it can be shipped is called an

EL module in this specification.

Fig. 6A is a top view of the EL module (EL display device)
obtained by the ‘above manufacturing method, and Fig. 6B is a

Cross-sectional view of the EL module.

In Fig. 6A, reference numeral 4001 denotes a substrate, 4002
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and are then connected to an external device. In this case, 23t 1dUs20¥eal | ng
material 4101, a cover material 4102, a filler 4103 and a second sealing
material 4104 are so disposed as to surround the pixel portion 4002, the
source side driver circuit 4003 and the gate side driver circuit 4004.
Also, Fig. 6B.corresponds to a cross-sectional view taken along a line
A-A in B g PBASANHCEROMR: £ ving SIRIrqean idechmimet cBREuiand aaaps ehannel
TFT in this exanple) 4201 contained in the source side driver circuit 4003
on the stbst F&t€ 2d6¢. dFiveherirauidur nedt the antsplctEvE G21VEF &b@éu%\g trols
a current to the EL elenent) 4202 contained in the pixel portion 4 i's

formed. T9R¢hias BRBoOI enthla pEERteh &hecSanp 49bkUeh HE8.RS, that . of e
p- channel TFT or the n-channel TFT shown in Fig. 5Cis %SdenggPSt%%(w

driving T @9 rheandbonnbokedl ddh@nSaiReShhatChULE-AS that of the p-channel
TFT shown in Fig. 5Cis used f or the current control TFT 4202. Also, a

st orage capacimnothf{8eiashowng; 2( t g of _the current control
TFT 4202 is di sposed on th)éw%i" Xe gggf-&?ﬁé’n“?&%l %igﬂxéf CEVECITIRF ¥&hode)
4302 whighhd s;eli66LKL npnected to.the drain_of the pixel TFT 4202 is
so forned as ?olbgtegulglgdr:{ ér‘r%%%e%eeg%%gﬁﬁg?‘a?ﬁimﬁ Frphdt it #Re seudierrsednt r ol

TFT 4202, rent 32 2.1 J UL 2004 conductive filmlarge in work
function i éb%%p??%&@g ae” PHECHiBOIt1om 4093 odbe symrcesitde dadygaretcuit

conduct i \6%3“ I be made of a conpound consisting of indium oxide and
tin oxid aggng%ngate side driver circuit 4004,

( Also, Fig. 6B corresponds to across-sectional view taken along
a line A-A' in Fig. 6A and shows a driving TFT (an n-channel TFT
and a p-channel TFT in this example) 4201 contained in the source
side driver circuit 4003 on the substrate 4001. Further, a current
control TFT (a TFT that controls a current to tHe EL element) 4202
contained in the pixel portion 4002 is formed.

In this embodiment, a TFT of the same structure as that of
the p-channel TFT or the n-channel TFT shown in Fig. 5C is used
for the driving TFT 4201, and a TFT of the same structure as that
of the p-channel TFT shown in Fig. 5C is used for the current control
TFT 4202. Also, a storage capacitor (not shown) connected to the

gate of the current control TFT 4202 is disposed on the pixel portion

4002.

Apixel electrode (anode) 4302 which is electrically connected
to the drain of the pixel TFT 4202 is so formed as to be superimposed

on the drain wiring of the current control TFT 4202. A transparent
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consi sting of indiumoxide and zinc oxide, zinc oxide, tin2dxij¢ pmpm indium
oxide. Also, galliummy be added to the transparent conductive film

Then, an insulating film4303 is formed on the pixel electrode 4302, and
opening portions are fornmed on the pixel electrode 4302 in the insulating
film4303. In the opening portion, an EL (electro-lum nescent) |ayer 4304

i s fornedonduthévpi ¥elmel eegeode W6§QZfUQQQHhh%Jg%dP§¥%%gﬁ%g4tg%y be nade
al . SO, e

of known organic EL material or inorganic EL materi p&#&&nic

EL mat eréabctoaydbesanz| o i mer,), ;material or_a high
nol ecul ar m;ig%t %po%yng?¥pEggg%?érgﬁkgﬁégééggiﬁeﬁ%ﬁﬂﬁWayt%%r%ﬁi?é§b% 4304

may be copdystgd B I a _knawn, .evaporation technique_or a coating
t echni que. %Iso, tﬁggigggﬂgtﬁﬁe%ﬁb%W%aQ§f3%n&ﬂdrﬁ&nb%xh@ea f afPREPENA

structur 109 . .fromfreely conbining a hole injection [ayer, a hole
transpor§0$§§%%%h8a9¥itﬁll%ﬁﬁ?ﬁ%@ﬁ;qquéFPCaﬂxé¢%ct%¥ﬂ?tQﬁ%@§po¢ﬂnlayédeand
an electron., injection |ayer together, or a single-layer structure. A

cat hode %%o%“#b#ﬂeaxgﬁea dobfuctdade ium mayr &er @sdetiatovehy, transpadeati ve
filmminly containing alum num copper or silver, or a lamnate |ayer
consi st %H°¥H6%ef%gmns and ot her conductive filns) having a |ight
shielding property is fornmed on the EL layer 33 2 1 JUL 2004 4304. Also, it

i s desirabl e tThan nobsinswelorimxygen 430351t FHraRed @b thet@iface: 8b+t-B8e
cathode 4305 and the EL | ayer 4304 is renoved as nuch as possible.
Ther ef or4302 ¢ amsl ogeesisar potrhabnbher&ledrMEd on the pixel electrode 4302
in the insulating film 4303. In the opening portion, an EL
(electro—luminescent) layer 4304 is formed on the pixel electrode
4302, and the EL layer 4304 may be made of known organic EL material
or inorganic EL material. Also, the organic EL material may be a
low molgcular weight (monomer)} material or a hi'gh molecular weight
(polymer) material.
A method of forming the EL layer 4304 may be conducted by using
a known evaporation technique or a coating technique. Also, the
structure of the EL layer may be of a laminate structure resulting
from freely combining arhole injection layer, ahole transport layer,
a light emitting layer, an electron transport layer and an electron
'injection layer together, or a single-layer structure.
A cathode 4305 formed of a conductive film (representatively,
a conductive film mainly containing aluminum, copper or silver,

or a laminate layer consisting of those films and other conductive

films) having a light shielding property is formed on the EL layer
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4304 and the cathode 4305 are successively deposited in vacgu%‘HJrL 2?W’at t he
cat hode 4305 is forned while the cathode 4305 is out of contact with
oxygen or noisture after formng the EL |ayer 4304 in a nitrogen or rare
gas atnosphere. In this enbodinent, the above f ilmcan be f ormed by
using the f ilmf ormng device of the nmulti-chanber system (cluster tool

system 4 en, C ode, 4305 i lLectrically connected to the wiring
4005 in é?)BP‘egi %%Qg'es?&grﬁia%jedc?%yrarbe ee&&?%e mﬁ&ﬁé}’lg? A308°Y e KUY I £005 i s
a wring for. supplyin iven voltage to_the cathode 4305 and electrically
connect g& ?Btéﬁggﬁéd) O%Begtcr?rt&’t@? éﬁ%én?%t?rtf‘pi% 1egREutif dels imamua@r. As
descri bed above, an EL el enent consisting of the pixel electrode (anode)
4302, t A& BECRA/BPFFIP1end Therefiphedel UdgsneeesdarnatatThee EL dlagment | S
surrounded by the first sealing material 4101 and the cover material 4102
bonded 6A°thangupe Rt ABOR3IPY arhesticéestiwelyl drgoratedi ah vadtir orand is
then sealed with the f 11ler 4103. The cover material 4102 may be nade of

gl ass nmaheti §he aathbdendd®@sind fompreserntiat itvel yatisdéde MBS &5 e8lY) of
ceramic material, or plastic material (including a plastic film. The

pl asti ccomtericatvitmaykegan ERPmbikbafeghassr b mfolLahdd mstiLor pe, a
PVF (polyvinyl 34 2 1 JUL 2004 fluoride) film a Mylar film a polyester

filmoriam agkybgenfdst _Eflaregéﬁé hehosBneheet Af +hhe Sy Matig i Ph&@b%l%e
alum numfoil is sandw che between a PVF filmor a Mylar film
film can be formed by using the film forming device of the
multi-chamber system (cluster tool system).

‘Then, the cathode 4305 is electrically connected to the wiring
4005 in a region designated by reference numeral 4306. The wiring
4003 is a wiring for supplying a given voltage to the cathode 430g
and electrically connected to the FPC 4006 thI;ough an anisotropic
conductive £ilm 4307,

As described above, an EL element consisting‘ of the pixel
electrode (anode) 4302, the EL layer 4304 and the cathode 4305 is
formed. The EL element is surrounded by the first sealing material
4101 and the co-ver material 4102 bonded on the substrate 4001 by
the f;‘.rst sealing material 4101, and is“-then sealed with the filler
4103.

The cover material 4102 may be made of glass material, metal
material (represgntatively, stainless steel), cerami_c material,

orplasticmaterial (includingaplasticfilm). Theplas tric material

may be anFRP (fiberglassreinforcedplastics)plate, aPVF (polyvinyl
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In the case where the light radiation direction fromthe EL %Ijedrjéhtzﬂgé
directed toward the cover material side, the cover material nust be

transparent. In this case, the cover material is a transparent materi al
such as a glass plate, a plastic plate, a polyester filmor an acrylic

film Al sq fyi kL 4103 may be made of an ultraviolet setting resin or
a ther msegltoﬁger)eglkg&sﬁh Ya}sa%@éif‘po? Poilags terl 88T, anageyyiog film.

polyimd Xy resin, silicon resin, PVB (polyvinyl butyral) orEVA

(et hyl enﬁ”“&?ﬁ% 'aacﬂfgﬁ?EP.f the 5tRYgEese opivh ivd sk nun Hoef ek akingwl dhicdm
oxi de) or @ material that can absorb oxygen (antioxidant and the like) is
di sposed Wi AR £h8VFi ELém 2108, Myher fietrerioration of the EL el enent can
be suppressed. Further, spacers may be contained in the filler 4103. In

this case, iflehehepeer share radel Dfhbarddimi@dndairbhe: SRAELL, R8l. $¢ can
provi de hygroscopic property. In addition, in the case where tnﬁe spacers

are di spesedenn ishbifdddeat tovird shefdeeting dhatl £.d8S5He b LM Ls dl;SRosed
on the cathode 4305 as a buffer layer that rel axes a pressure tromtte

spacer s. mAs50,bet heramspage 4005 iy ehfgt ri ly.gonnected tq the FPC 4006
t hrough the ani sotropic conductive film? %% ﬁ‘ﬁg vrg\;n%?’ie%g 13k ah¥nfts a

signal sepintPatbecPhXeL-PQKti 4002, ‘the_source side 35 2 1 JUL 2004
driver ci rcui§a4003 and fhgiggtﬁgl’lsi&)1 e2dPI-IEP gﬁFgﬁi't%@ astdct RéatepCcas006,

and is then electrieall ¥ Irlmggélgfiié 0: An exter nal device by the FPC 4006.

Also, the filler 4103 may be made of an ultraviolet setting
resin or a thermosetting resin such as PVC (polyvinyl chloride},
gcrylic, polyimide, epoxy resin, silicon resin, PVB (polyvinyl
butyral)orEVA(ethylenevinylacetate). If ahygroscopicmaterial
(preferably barium oxide) or a material that can absorb oxygen
(antioxidant and the like) is disposed within the filler 4103, the
deterioration of the EL element can be suppressed.

Further, spacers may be contained in the filler 4103. In this
case, if the spacers are made of barium oxide, the spacer per se
can provide hygroscopic property. In addition, in the case where
the spacers are disposed in the filler, it is effective that a resin
film is disppsed on the cathode 4305 as a buffer layer that relaxes
a pressure from the spacers.

Also, the wiring 4005 is electrically connectéd to the FPC
4006 through the anisotropic conductive £ilm 4307. The wiring 4005

transmits a signa; sent to the pixel portion 4002, the source side
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Further, in this enbodinent, the second sealing material 4102 1 iXis@004
di sposed as to cover an exposed portion of the first sealing material 4101
and a part of the FPC 4006, and the EL elenment is thoroughly shielded from
the open air. Thus, there is obtained an EL display device having an outer
appearance shown in Fig. 6A and having cross-sectional views shown:in

Fi gs. 6B @and,3C; i 2 Laser crystallization is used as the neans of
form ng the crfggg}a??ngsgél?ré‘%nt% ISATEOS 1A @RboR rEmculit '4and aoccage of

using az@iff nt ans_of crystallization is explained in enbodi ment 2.
After form ngegﬁ' aan%mfﬁﬁoﬁge’%iqlieé‘(ﬁ]{qall#ﬁ’i FomrUidrentaR ex terssiialbi zag i on
i's perforbrredthuiégg the technique recorded in Japanese Patent Application
Lai d-openyNo ®HéT “74986652. The techni gue recorded~in the above patent
application is_one of obtaining a crystalline silicon film having good
crystal linity By H3fHg fanthis embotiisanb, anensekala 3821 68b@lowsh 1 9104
pronoti ng crys%sl |ization. Further, after the crystallization process is
conpl et ed? B° Prvassl o temmuiag ahhexgadad Yo tisgt# e | stallijzation
may be performed. In this case, the catal y}sﬁ% may be gette?’gg)éu%?% the 36
2 1 J U papooddaie¢hol qued recedeed ¢ n-plaparesgopat lLcatjon Laid-open
No. Hei 10-270363 or Japanese Patent Applicati (')ngﬁ{%i Q?%p%% ?\é)?m?—%F 1s

8- 330602 hbnoaduly e ek ErBRY: 1 oHRhTEL USiHgLt g, Lechni gue recor ded

EL display device having an outer appearance shown in Fig. 6A and

having cross-sectional views shown in Figs. 6B and 5C.

Embodiment 2

Laser crystallization is used as the means of forming the
crystalline silicon film 102 in embodiment 1, ‘and a case of using
a different means of crYstallization is explained in embodiment
2.

After forming an amorphous silicon £ilm in embodiment 2,
crystallization is performed using the technique recorded in
Japanese Patent Application Laid-open No. Hei 7-130652. The
techniquerecordeddntheabovepatentapplicationisoneofobtaining
a crystalline silicon film having good crystallinity by using an
element such as nickel as a catalyst for promoting crystallization.

Further, aftgr the crystallization process is completed, a
process of removing the catalyst used in the crystallization may

be performed. 1In this case, the catalyst may be gettered using the
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in the specification of Japanese Patent Application No. Fbilqu7§g§72m@y
the applicant of the present invention. The processes of manufacturing
shown in enbodinment 1 are one enbodiment of the present invention, and
provi ded that the structure of Fig. 1 or of Fig. 5C of enbodi nent 1 can be
realizedteggen ot her manufacturing process nay al so be used w thout any
probl ens, “&8"dBGVESCRABEHI AEnfapanasdr Pt eyt t Aep Elcalt 5pb aya 0evésen of t he
present jnvention, analog driving can be performed using an anal og si gnal
as an indgt $PgRAP363and dicgiaralsedrrationg oAb ke araIho NG Widd @ digi{ al
signal. Wen analog driving is performed, the analog signal is sent to a
source WPrBRgeoR.a switching TFT, and the anal og signal, which contains
gray scale information , beconmes the gate voltage of a current contro

TFT. The cur rEentddiewiodg kNTAR ¢k | . ntrolled by the current
control TFT, the EL el enent emn?tqif ng ?ﬁ%%%i %/lm%tggo%?? PHEUe =P gied/

scal e di spk8a¥ dpedef YR, Qt erl1r%# when digital driving is
performed, it (H%f fers - T romoﬁa{eabgﬁglsgg at'-ﬁ?g R AP s HedyL 1 Hriay
scal e digpl 3 UL 2004 is perforned by tine division driving.
Specific%flé%ét %ﬁﬁ%?#n £ F?ﬁepf%s%&ﬁL&ﬂ%ﬁPQ%PWHOVide vi sual appearance
t hat seens Ib&g chan%Fs in color gradation. The EL el enent has an
extrenmely fast*s BEHGHRSESpeEdmprAuEaAPariv@rFhawn 4nl Fybpdimeyst alamd eRNt

and therefore it is possible to have
embodlmentcﬁfthepresentinvention;andprovidedthatthestructure

of Fig. 1 or of Fig. 5C of embodiment 1 can be realized, then other

manufacturing process may also be used without any problems, as

above.

Embodiment 3

IndrivingtheELdisplaydeviceofthepresentinvention,analog
driving can be performed using an analog signal as an image signal,
and digital driving can be performed using a digital signal.

When analog driving is performed, the analog signal is sent
to a source wiring of alswitching-TFT, and the analog signal, which
containsgrayscaleinformation,becomesthegatevoltageofacurrent
control TFT. The current flowing in an EL element is then controlled
by the current control TFT, the EL element emitting intensity is
controlled, and gray scale display is performed.

On the other hand, when digital driving is performed, it differs

from the analog type gray scale display, and gray scale display
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hi gh speed driving. Therefore, the EL el ement is one, which iZs} i@ﬁ){e
for time ratio gray scale driving, in which one franme is partitio nt o
a plural nunmber of subfranes and then gray scale display is perforned. The
present invention is a technique related to the elenent structure, and

t her ef org; dof. .drivi.ng it . thus be used. Note that it is
possi bl e t%@1)‘fffe%g%n§(ac%§btllgnee ﬁﬁéﬁé&ﬁ&ﬁl Hi%h ofPeghbodpridiit Bheavert tthmg

constitution.of any of enbodinments 1 or 2. Enbodinment 4 In this enbodi nment,
a top vf%%’p%%gaaq?}i d° %P REOTEEedy ¥kt eapPed T e AR tisedErbbik aeniankess
shown in Fig. 7A. In this enbodiment, only the structure of the storage
capaci t o i LAY (BRIt IAn. ot her structures are substantiall y identical
with those in Enbodinent 1. Also, Fig. 7B is a cross-sectional view taken
al ong a dott &4e Bl aber@eit hiars d1i gxt¥éme Bpdakt e sponsRAWS §ﬁ%ﬁ1b§%‘gt5ioﬂnal
view taken along a dotted line DD in Fig. 7A. Parts designate y the
same refemehtquidocrespande l EndhOS Carid) tRERAFLIRNE + L s RidSty tae 2f
Fig. BA is obtained in accordance with 38 2 1 JUL 5(1319% dé{r%)l(ﬁ%%ﬁzto Sf.ave
However hilghe sgidfd eipriatiin ofpptl ond, el ect-rode _is_slightly different
fromthat in Embodi rrentlI%] and ?%@?%éogé’g g?‘e% FOGR hAE §%por PRAAL is

connect 1 C (of! ctrode which w.ll be formed in a | ater
proc ess.%%%ﬁgr??'eage?n%%ﬁ%a§% P ¥R R e ATV P Hadet ofR by i fregien iiss

f or ned %ﬁgtﬁ@%% etdcheg1 to f_ormcontact holes. In this enbodi nent, two
cont act “hol es TRt FBLEhAtREIER_REJHENDEr of subframes and then gray scale

display is performed.

The present invention is a technique related to the element
structure, and therefore any method of driving it may thus be used.
Note that it is possible to freely combine the constitution of

embodiment 3 with the constitution of any of embodiments 1 or 2.

Embodiment 4

In this embodiment, a top view of a pixel structure different
from that in Embodiment 1 is shown in Fig. 7A. In this embodiment,
only the structure of the storage capacitor is different and other
structures are substantially identical with those in Embodiment
l. Also, Pig. 7B is a cross-sectional view taken along a dotted
line C-C’ in Fig. 7A, and Fig. 7C shows a cross-sectional view taken
along a dotted line D-D’ in Fig. 7A. Parts designated by the same
references correspond to those in Embodiment 1.

First, a state of Fig. 5A is obtained in accordance with
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electrode are fornmed. Also, in this enbodinent. the interlay@rl JiHs@8king
f ilmmde of organic resinis f irst selectively renoved to renove a
portion where the contact hole portions and the current supply line are
superi nposed on each other. Then, one nmask is added, and after the
interlayer _insulating film 136 of the portion which is superinposed on the
current gﬂBBﬁﬁm?Pﬁelisz%V%Kﬁﬁ whehcohéigusktiortathictng secenadsict £ 49 for m
the contact holes. In this way, there is obtained an interlayer insulating

film70216r8highfén thEfpoehiofiroRUpRAt NPOSEALEM Ad1er CUr I éﬁgﬁ%% | i ne
and the contact hole portions are renoved. Then, the gate wring %%E t he

connect i @heeteofieones d4dordidih dﬂH%éE%%d.%%daac§§?€£{59ref3$€tr%%%ﬂzgébarg
y on

~ formed. The capacitor electrode 703 is electric connect e

el ectrodei¥0be fomicd $nVR o125 LN Ry 76, & storage capacitor is
formed by the capacitorneleé%rodgggggsgﬁd *é&?tﬁﬁ%%ﬁ eE%%%?y isielatia t h
the firsg;iRsidat] e as a_dielectric. Wth the above structure,

t he storaJQe capacP?%E%Aaﬁ#%ggF&Pth%&lorimr?gr%%@é:@.enis@t@eidIGLerWI)NSatSMOV\m

in Fig. he st orage capacitor is formed by the second sem conductor
| ayer 2 da:[a'c“ﬁécl' t h% géégnednctécf $ode tYoICMR FRCE éﬁéeﬁn@m%ﬂeﬁgw thenskldbras a

dielectric as uy Enbodi nent 1. This enbodi nent can be arbitrarily conbi ned
with anydHe e @R df wemed. 1 A, Entiddistentodiliment, the interlayer

insulatiqg film made of organic resin is first selectively removed
to remove a portion where the contact hole portions and the current
supply line are superimposed on each other. Then, one ma.sk is added,
and after the interlayer insulating film 136 of the portion which
is superimposed on the current supply line is covered with the mask,
etching is conducted to form the contact.holes.? In this way, there
'is obtained an interlayer insulating £ilm 702 from which the portion
superimposedcn1thecurrentsupplylineandthecontactholeportions
are removed.

Then, the gate'wiring 145, the connection electrodes 141, 143
and 144, and a capacitor electrode 703 are formed. The capacitor
electrode 703 is electrically connected to a second electrode 701.
In this way, as shown in Fig. 7C, a storage capacitor is formed
by the capacitor electrode 703 and the current supply lihé”ils with
the first insulating film 136 as a dielectfic.

With the above structure, the storage capacitor can be further

increased.
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In enbodiment 1, it was said that, preferably, an organic ELZrau8ii 200% is
used as an EL | ayer. However, the present invention can also be perforned
by using an inorganic EL material. In this case, since~ the inorganic EL
material of the present tinme is of a very high driving voltage, TFTs to be
used nust have resisting-pressure characteristics resistible to such a
driving vol t age® Sovdh J1nn5rlgan|75 Elhesdsrisde @fapaki@venis opeFmds iy NG,
voltage is developed in the future, it will be applicable to the present

i nvent i offCaMé Semicendwcoir tihiveremoadiameanthea8e86nd rEalH ined with any
one of the structures of enbodi ments 1-3. Enbodinent 6 In t preseﬂ‘t

i nvent i orhe amu bRt ©g e Bhi Al g US£d, aéléaﬂ?fg_mhé a&/ﬁe i %b)o% e| t her a | ow

nol ecul ar organic material or a polymer ecul ¢ materia

"As the | ow nottEclledlh o GRNC 5 rJ rials are _known centerlng on
Alg3 402 1J UL 20051J (tris-8 gﬁéﬁo% ‘i"éa’é]r mORHHt e ¢PHE ER | e BAeamitne

derlvaUEﬁgodymeﬁ As pol ymer organic material, rt-cooperative
polymer naterials can e given. Typically, PPV (polyphenylenevynilene),
PVK( pol yvyni | car bazol e), polycarbonate or the |like can be given. The

pol ymer (high nolecular) organic material can be formed wth a sinple thin

filmforﬁtiqn net hod such as the spin coating nethod (which is referred
to al so application nethod), the dipping nethod, the dispense

met hod, the printing nethod, the
Ineémbodiment 1, itwassaidthat, preferably, anorganicELmaterial

is used as an EL layer. However, the present invention can also
be performed by using an inorganic EL material. In this case, since
the inorganic EL material of the present time is of a very high
driving voltage, TFTs to be used must have resisting-pressure
characteristics resistible to such a driving éoltage.

If an inorganic EL material of an even lower driving voltage is
developed in the future, it will be applicable to the present
invention.

The structure of this embodiment can be freely combined with any

one of the structures of embodiments 1-3.

Embodiment 6

In the present invention, an organic material used as an EL
layer may be.either a low molecular organic material or a polymer
(high molecular) organic material. As the low molecular organic

material, materials are known centering on Alqg;
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ink jet method or the like. The polymer organic material has2d hitgh 2ndneat
endur ance conpared with the [ ow nol ecular organic material. Furthernore, in
the case where the EL layer incorporated in the EL elenent incorporated in
the EL display according to the present invention has an el ectron
tranSpoE%rlgyg[ and a Qsitive hole transgort | ayer, the el ectron

transpo dy 81 T{NH K e FEsPLiPé nHB) e THD GRShRRENY b§Rinerdp rhwat oven dmof
inorgani c material such as, for exanple, a non-crystal sem conductor
fornmed bRendAXerystd¥ Bplymernomganyst alatsirlialCX micddi@rdtk®e Igbiycer
non-crystal sem conductor, a large quantity of trap level 1is present, and

at the sakeriake, cahebaogiveyst mypaeﬁhggndppvo(poiﬁﬁ@nﬁléﬁ%ﬂ@ggj ty of
interface levels at an interface at which the non-crystal sem conductor

cont act BVt pelylraynel sarBaza1e)0NSEOpeMSond e S t8leTRRL 3N SN dyJd ght at

a |ow voltage, and at the sane tine, an attenpt can be nade to Pprovide a
layer, 41 2 100 2000 A Tha o er a PP S PEEEEAE R S e L
coumr i RLE PG A a0 LHERC CERBUN TR SFMPE ERotH HEOSHE a
e pi 2o HEod (SR 8 6P iPRgoFo e RopF BB S4RPP IRCREL SR BRI IOAR 0. 8.
Al'so, a{]hee%ipvpajlzfgtmectirzocéjj tthe dispense method, the inti
. printing method, the
ink jet method or the like. The polymer organic material has a high
heat endﬁrance compared with the low molecular organic material.
Furthermore, in the case where the EL layer incorporated in
the EL element incorporated in the EL display according to the present -
invention has an electron transport layer ahd a positive hole
transport layer, the electron transport layer and the positive hole
transport layer may be formed of inorganic material such as, for
example, a non-crystal semiconductor formed of non-crystal Si or
non-crystal S5i;_,C, or the like.
In the non-crystal semiconductor, a large quantity of trap level
is present, and at the same time, the non-crystal semiconductor
forms a large quantity of interface levels at an interface at which -
the non-crystal semiconductor contacts other layers. As a
consequence, thg EL element can emit light at a low voltage, and

at the same time, an attempt can be made to provide a high luminance. -

Besides, a dopant (impurity) is added to the organic EL layer,

41




of the pixel structure showmn in Fig. 8 is showmn in Fig. 9. AQ'%QQMpQU

Figs. 8 and 9, the pixel portion has a first gate wring 801 arranged in a
row direction, a second gate wiring 802, a source wiring 803 arranged in a
colum direction, and a current supply line 804. Al so, the pixel portion
includes a switching TFT 902 connected to the source wiring 803 by a

connect i anaelrect s DEE o FBOB I Ellﬂiﬁsﬁ?éﬂtofogh@oigéﬁic L eChy eﬁ%?%e &Qcprpgieé:& ed to

the first gate wiring 801 as a gate electro Al'so, t portion has
a curren t T ed t9 a liLght-emtting el ement 4 by a
connectigﬁggﬁegﬁé%%g'% %ﬁgﬁﬁpggﬁﬁéc égetgééhglgﬁﬁyénfd%m&ﬁ%f griﬂéggﬁﬂ¥by a
connectigﬂ.ggec%&988n81l. Further, the pixel portion has an erasing TFT 906
connect ed to Ehe ¢curfent supply line 804 by the connection el ectrode 813
with a part of the third electrode 807 connected to the second gate wiring
802 as a gate electrode. Further, the respective TFTs are connected to each
other, the 42 2 1 JUL 2004 erasing TFT 906 is connected to the gate

el ect r odEMBPSEMENE 7rent control TFT by a connection el ectrode 812, and
the current control TFT 903 is connected to the drain region of the

swi t chi ng TFT BYyis emmtiiend:i 0sheweck rppde 1869ruthutbilsasneg ithreat rons {he
first gate wiring 801 is connected to the island-like first el ectrode 805
di sposedona phgetow direction. Also, the first gate wiring 801 is forned
on the second insulating filmso as to be in contact with the latter. On

t Eier gt her handgne tdife SIECNE @RS VB F 1 1HE 89261 Ss CANES S IR AR §hands | 1 ke

present invention is shown in Fig. 8. Also, an equivalent circuit
of the pixel structure shown in Fig. 8 is shown in Fig. 9.

As shown in Figs. 8 and 9, the pixel portion has a first gate
wiring 801 arranged in a row direction, a second gate wiring 802,
a source wiring 803 arranged in a column direcfion, and a current
supply line 804. Aiso, the pixel portion includes a switching TFT
902 connected to the source wiring 803 by a connection electrode
808 with a part of a first electrode 805 connected to the first
gate wiring soi as a gate electrode. Also, the pixel portion has
a current control TFT'903 connected to a light-emitting element
904 by a connection electrode 810 and connected to the current supply
line 804 by a connection electrode 811, Furth?f, the pixel portioﬁ
has an erasing TFT 906 connected to the current supply line 804
by the connection electrode 813 with a part of the third electrode

807 connected to the second gate wiring 802 as a gate electrode.

Further, the respective TFTs are connected to each other, the
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el ectrode 807 di sposed in the row direction. Also, the island2lli K&l PBlist
el ectrode 805, a second el ectrode 806 and the third el ectrode 807 are
formed on the first insulating filmso as to be in contact wth the latter
as in the source wiring 803 and the current supply Iline 804. Also, the
connection el ectrodes 808 to 813 are fornmed on the second insulating film
(her ei n&FEEA Y FELT 886 t bs fgm ezt egh tionteel| agee dlestiradiengff the)casrémt t he
first gate wiring 801 and the second gate wiring 802. Further, the pixel
porti oncengredeStFE Y ér ageneapaoit @re O odanistii , aas®adrdcaereaonsoist 661 | ayer
901 as one electrode, the insulating filmthat covers the second

seni condi@@t 603l agerosfedseliotbethd EERGiegWr Bt BBel 861 BENARGATFT by
dielectric, and the second el ectrode 806 as another el ectrode. Further, a

pi xel ekeebhadetihh k3 s4RBHLMQsed on the 43 21 JUL 2004 connection
el ectrode 810 connected to the current control TFT 903 so as to be in

ottt oS AEORRBELL T BLIBH Ofife Bile A2t wiBlnS WO PITLOMOLLRS

pi xel el ectrode 814 Supeér i nmposéd onh our ce

EL | aye c de, ,a _protective electrode and so on are formed with the
i et or2he R TEE A DB S kS fodS bR Histiong i BRF e e s
di splay _device. As to the operation of the erasing TFT, refer to Japanese
Pat ent Ag\ﬁﬁl'i ERei ohrfo 9ate wiringsy®b.isTheraedi ¢on dhet FecerdsipgulETing
connected to the gate of the

£ilm so as to be in contact with the latter. On the other hand,

the second gate wiring 802 is connected to the island-like third
electrode 807 disposed in the row direction. Also, the island-like
first electrode 805, a second electrode 806 and the third electrode
807 are formed on the first insulating film so as to be in contact

- with the latter as in the source wiring 803 and the current supply
line 804.

Also, the connection electrodes 808 to 813 are formed on the
second insulating film (hereinafter referred toalsoasaninterlayer
insulating film) as in the first gate wiring 801 and the second
gate wiring 80.2.

Further, the pixel portion includes a storage capacitor 905
with asecond semiconductor layer 901 as one electrode, the insulating
£ilm that covers the second se?niconductor layer so as to be in contact
with the latter as a dielectric, and the second electrode 806 as
another electrode.

Further, a pixel electrode 814 is superimposed on the
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current control TFT so that the gate voltage of the current Zdnttbl 2006FT
can be forcedly changed. The erasing TFT may be an n-channel ...TFT or a
p-channel TFT, but it is preferable that the erasing TFT is of the sane
structure as the switching TFT such that an off current can be reduced.

Al so, in this enbodinent, the switching TFT and the erasing TFT are of the

mul ti - ga‘f%‘l%‘%@%@%r@emm 10t beynaeeedoto R thettkak! d’oﬁtf?)%_eﬂ'f cbcf] s,
and at | east one of the switching TFT, the current control and tthe

erasi ng STFRso e dfn tdn ta8y biit@atBeSEEHRLEE Son ! & S TET is of
the multi-gate structure, the deteri gr ation of mt.lheléeér?‘gtls%l?(?\gg1 éhﬂ—'% %% heat

can be a&um@@ﬁcﬁ&léﬁhl&f ecmog te%g&g?%eé‘%f %rucﬁﬁéﬂnﬁﬁﬁr ﬁg

TFTs are disposed in one plxel owever

to the ARSI WPy may_b of the structure in which any nunber 44 2 1
JuL 2004 of TFqu{al‘%e |sp)tf)1§eg trﬂ”nE?r «iaHF?ela bt ®rotecd igreor

nor e Cr&y(ﬂT q,’rdsposed The (gresent invention can be inplenented
Wi t hout t e lim t17e OFi REF TeFRd §Hdhithenpixeldp beteyode be.as an
Enbodi ment 8 Thi.s enbodi nent shows an exanple in which insulators

super i MIOSESF o P IR Eish af ad vsi weltrilke €8s ddepdayadevacee in
contact with the latter are superinposed on the current supply line or the
source W ri ngASnt@therdprrathian ofl @heleawss imd THT V reWeoft ONAYaRBs £paGLqde in

Enbodi nent"’
Application No. Hei 11-338786.

The drain of the erasing TFT is connected to the gate of the
current control TFT so that the gate voltage of the current control
TFT can be forcedly changed. The erasing TFT may be an n-channel
-TFT or a p-channel TFT, but it is p:eferabie that the erasing TFT
is of the same structure as the switching TFT such’that an off current
can be reduced.

Also, in this embodiment, the switching TFT and the erasing
TFT are of the multi-gate structure. However, they are not
particularly limited to this, and at least one of the switching
TFT, the current control TFT and the erasing TFT may be of the
multi-gate structure. If the erasing TFT is of the multi-gate
structure, the deterioration of the erasing TFT due to heat can
be suppressed.

This embodiment provides the structure in which three TFTs
are disposed in one pixel, however, the EL display device according

to the present invention may be of the structure in which any number
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7. The sem conductor |ayer and the contact holes are omtted 24r JUL 2004
sinplification although they exist in fact. Al so, parts designated by the
sane references are the sane parts. In Fig. 10, an insulator is formed on
a portion sandwi ched by a chain |ine and superinposed on the current
supply lkﬂﬁngé' Hr&ﬁ after a state of Fig. 8 shown in Enbodinent". is
obt ai ned,”" an 3r AR %W%t‘%@lﬁ Pheirifeok medcandxahphe et heds idr gore
desired %pnfiguration, | nsul ators 1000 and 1001 forned of organic resin
films aré 1or MEY 98 £5093rd so Tae tpresewner iaweand opoicEn0beOfi mphenaRir X

el ectrode 814. Then, an EL layer 1002 is fornmed between the insulators
1000 and ViGdeuftothedl bhit her airgapigel est fuddhrs or THEr 8814 L1148 § 8“00'9
1003 is forned all over the surface, and a protective el ectrode % 04%and a
protective insulating film21005 are forned thereon. Those insulators 1000
and 1001 function as nmeans 45 2 1 JUL 2004 for preventing short-circuiting
occurri ngmbetwpentt Re adj acent pixel electrodes. Al so, those insulators
1000 and 1001 function as neans for preventing short-circuiting between
the pixel elec e which ig an anode and the cathode 1003. This
enbodi nent sho'\%\}rs&gn %ﬁé?r%f‘ge?ﬂ v&‘%f%’f? t RE | A¥&PBL6r sitar &higibspdssdlehoas
stripe, Qgheghe¥ arﬁ not garticular]y limted and nay be of a structure in
whi ch an~Tns SEhak LBVERS BRFtiBhoL shRePixpdine et Dpdaisw apotbi b of
the pixel electrode is disposed. Enbodinent 9 In this enbodinment, in an

active maPrf&OEICHi%hH At diadder are superimposed on the current supply

line or the source wiring in a stripe.
Fig. 10 shows a top view of only an electrode in Embodiment
7. The semiconductor layer and the contact holes are omitted for
simplification although they exist in fact. Also, parts designated
by the same references are the same parts. In F"ig. 10, an insulator
is formed on a portion sandwiched by a chain line and superimposed
on the current supply line 804.
First, afterastate of Fig. 8 shown in Embodiment 7 is obtained,
- an organic insulating film is formed and then etched in a desired
configuration. Insulators 1000 and 1001 formed of organic resin
films are formed in a stripe so as to cover an end portion of the
pixel electrode 814. Then, an EL layer 1002 is formed between the
insulators 1000 and 1001 formed of the organic resin films,.
Thereafter, a cathode 1003 is formed all over the surface, and a
protective electrode 1004 and a protective insulating film 1005

are forme_d thereon. Those insulators 1000 and 1001 function as means
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in order to suppress the |lum nance nonuniformty of a producgd iﬁ@ﬁ%%n@
nmet hod of determ ning ranges of a threshold voltage variation th and a
ratio WL of a channel width Wand a channel length L is shown bel ow. .
This shows an exanple in which a difference in |um nescent |um nance
between the respective pixels is suppressed within n-W First, Expression 2
is derlVéBQQQﬁﬁqBQ#QE%hQIWﬂcireditingﬁb%uﬁiingKetweénYhe%djéééd§#§[3 -
Vtk Exp. 1 Vth - XT-1 P XC, Exp. 2 46 2 1 JUL 2 The mobility u a ™

capaci t an¢ecCuodksa gul€o Capatid Phsal rofd %860 [ n.the TFT is
formed. Also, when the EL el enent is g%i ng toa%%@rlrgggeq%ﬁr?%le%%gﬁtm%ﬁ‘@% a

desired Fuom pes¢sAtihdMy €. Si.k he Lum nescent. | um nance of the EL
el enent and the cur%egt H%EESF%§§H§§EHQ E?%%%?nr at? orehi pleatiedes3 vt the

drain cughept, j5dahs fixed. Therefqre, the right side of Expression 2
is replaced by 'a c%ﬁé?%n?nﬁ iglﬁ?oc%f(}ﬁi) €st®f3s. Vth A Exp. 3 Also, in the
case where a difference in | um nescent |um nance between the respective

disposed in a stripe, but they are not particulariy limited and
may be of a structure in which an insulator that covers portions

other than the opening portion of the pixel electrode is disposed.

Embodiment 9

In this embodiment, in an active matrix EL display device,
in order to suppress the luminance nonuniformity of a produced image,
a method of determining ranges of a threshold voltage variation
AVth and a ratio W/L of a channel width W and a channel length L
is shown below.

This shows an example in which a difference in luminescent

luminance between the respective pixels is suppressed within =*

n%.

First, Expression 2 is derived from Expression 1.

Thae Leu. W
d le A C-QX‘E-XCVaS-Vth>2 Exp. 1

%‘<Vs = Vi )* =

ZXId
7 <C. Exp. 2
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rel ati onal expression of the threshold voltage variation AVchaﬂd tgﬁw
ratio WL of the channel width Wand the channel length L is ™r erLgs ¥ed
by the followi ng Expression 4 and Expression 5. A4 Ex p. L CrnaX) f
OQcc+lc' )4V ~/ | -~i~4tIDlcbtyl rN} , c¢ ti CWi . -600+10 too +n n
Exp. 5 If values of Avth and WL are determined wthin the Iimt that
sati sfies the above Expression 4 and Expression 5, the variation 47 2 11 J
UL 2004 of the drain current Id can be suppressed within n%
The mobility 4 and the capacitance C, of a gate capacitor are

£i i .

ixed at a time when the TFT is formed. Also, when the EL element

15 going to be made luminescent with a desired luminescent luminance,

Since the luminescent luminance of the EL element and the current

density have a linear relationship, a value of the drain current

Id is also fixed. Therefore, the right side of Expression 2 ig

replaced by a constant A into Expression 3.

\ y 2
%‘K\"}s“vt}\> = A EXp. 3

Also, in the case where a difference in luminescent luminance
between the respective pixels 1is suppressed’within £ n%, the
relational expression of the threshold voltage variation AVth and
the ratio W/L of the channel width W and the channel length L is

represented by the following Expression 4 and Expression 5.

A
< V\/ < A
‘\\/3'3 may, ) -vth) {(Icc*—“‘: 1,1 {cc+n )AV*U\A}‘ - 4
Co- I&BHO /
{ \/CDWI) n L) _A\./ﬂ‘<(mo+io4/oo+n) M/ Exp. 5

If values of AVth and W/L are determined within the limit that

satisfies the above Expression 4 and Expression 5, the variation
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For exanple, in the case where the variation AVth of the thr esrrplva%?,g,tage
is fixed by the manufacturing process of the TFT, the range of the ratio
WL of the channel width Wand the channel length L Is determ ned by
Expression 4 and Expression 5 based on the threshold voltage variation

re the ratio WL of the channel width Wand

Li Vth. Further,gim e the
t he chanﬁlﬁ}%n%ltaﬂl{hﬁfﬁé&%ﬁ%ycqrh YRR e SHR JHrSER Gt AVt h of t he

t hreshol d vol tFangfe is determ ned by Expression 4 and Expression 5 based on
the ratio WL tHE W hhnet? whge heagandhere tbhavasiateogt AVEh Wét knishe -
above structyre, the EL display according to the present invention can
suppr ess HEAUA KRAEE 980RE i iednbY \theane U Eabyur heg iardatsson s ofnd e,
threshol d voltage of the current control TFT of each pixel. In fact, it is
desi r ablté& FangenetdithPerahte WOl diheHeurhaaneadniiitni mance thet wBaRnkhe
respective pixels is set wthin 5% preferably within 3% Al so, the

struct udengftht ki d sededeirmimiedcan bepaebkibar k! and anprdied %hbéﬁléd on
structure of Enbodinents 1 to 6. Enbodi nent 10 Thi s ‘enbodi nent shows an

exanpl e tofe anfdddRd 1 GG Viwfa%‘té&ﬁ [ ormation of an EL layer in the
above respective enbodi rrenaS% e ?)Inmﬂf%cﬁhrﬁ ng device according to this

erbod rent i bbnedd 2l 2000, desSiLbRA L Sherence L0 B gy . e

erring to Fig. 11, reference nuner
n (Mg} i
and a cgf bYENInEEEHARLET tength & is fized by the design, the variation

AVth of the threshold voltage is determined by Expression 4 and
Expression 5 based on the ratio W/L of the channel width W and the
channel length L. |
With the abo#e structure, the EL display according to the
present invention can suppress the luminance nonuniformity caused
by the variation of the threshoid voltage of the current control
TFT of each pixel. In fact, it is desirable that the difference
of the luminescent luminance between the respective pixels is set
within =5%, prgferably within *3%.
: Also, the structure of this embodiment can be arbitrarily

combined with any structure of Embodiments 1 to 6.

Embodiment 10

This embodiment shows an example of a £ilm forming device used
in formation of an EL layer in the above respective embodiments.

The £ilm forming device according to this embodiment will be
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(A) 1102 is disposed within the carrying chanber (A) 1101 wherZ?1 Jsubgiyate
1103 is carried. The carrying chanber (A 1101 is in reduced pressure

at nosphere and is isolated fromthe respective processing chanbers by
gates. The delivery of the substrates to the respective processing
chanbers is conducted by the carrying nechanism (A) when the gates-are

opened. Absoribadorider rédetredoseo B Pr £8SUR AN Lhe; gannying chanmber
(A) 1101, an exhaust punp such as a hydraulic roggﬂy pﬁﬁb}la:ﬁ%%%ﬁﬁﬁ?ﬁﬂ

boost er pufPrad 1MWib@ensPLeGUL RS PUTP r%Qpu an _be enpl oyed, and
the cryopunp is preferable because |?H§%g% #é@ff%gigﬁaF5?39§Wl Naps s ur e.

In the frim{osm ' f_Fig. 11, _an_exhaust port 1104 is disposed on
a side er?;ce ofﬂghgg%g§§§|nglgﬁéﬁbgPe(ﬁﬁrﬁlbﬁg c #hel ek habst shene i s

| ocated under st port 1104. This structure is advantageous in

t hat theélrral n?'gelhn%'gn%gﬁc:@tlﬁe ATt PRRFIETYERY I9haabed. (Bdr élPafierin t he
respective'ﬁgoce sing chanbers will be described. Since the carrying
chamber 14 Lﬁ?ﬁip&"%%ﬁq% FEYsEd@reprpdsis d smtladeghérem tixéatstpaninpse ( not
shown) are provided in all of the processing chanbers which are directly

connect RF YL IHENT carapbeys chanperes A) TheOdel TherexbAusiie Puits Y- LE 13
hydraulic rotary punp, a nmechanical booster punp, a turbo nol ecul ar punp

or a crygpumrspécsiverptecessengusRambe Ad 0bs desitd s i %ﬁ%&@%iﬁ£aj{

49 2 1 JUL 2004 conducts the setting (location) of the substrate, I IS

al so cald@hridwad) aaknChRERRItesThEe G £NANREL 1190 g isp) ated, from
a pressure within the carrying chamber {A) 1101, an exhaust pump
such as a hydraulic rotary pump, a mechanical booster pump, a turbo
molecular pump or a cryopump can be employed, and the cryopump is
pbreferable because it is effective in removal of moisture.

In the £ilm forming device of Fig. 11, a1:1 exhaust port 1104
is disposed on a side surface of the carrying chamber (A) 1101,
and the exhaust pump is located under that exhaust pert 1104. This
structure is advantageous in that the maintenance of the exhaust
pump is facilitated.

Hereinafter, the respective processing chambers will be
described. Since the carrying chamber (A) 1101 is in the reduced
pressure atmosphere, exhaust pumps (not shown) are provided in all
of the processing chambers which are directly connected to the
carrying chamber (A) 1101. Theexhaust pumpmaybe ahydraulic rotary

pump, a mechanical booster pump, a turbomolecular pump or a crycpump.

First, reference numeral 1105 denotes a stock chamber that
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the carrying chanber (A) 1101 by a gate 1100a where a carrier OInJ \fhlﬁ t he
substrate 1103 is set (not shown) is |ocated. The stock charr% r i’oé’ y
be divided into two sections for taking in the substrate and taking out
the substrate. Al so, the stock chanmber 1105 includes the above-nentioned
exhaust punp and a purge line for introducing nitrogen gas or rare:gas
high in FEAANEESAlSS, semtihios (anbadimant oft BRe SUBES £ 24 e 11081 b§ ﬁgtaﬁgothe
carrier in a state where a surface of the substrate 1103 on whic the

el ement scaddefoz dead Sock I‘cﬁﬁﬁr@)@IdO\A@M\@qu::OC]Elhéﬁthl§epq_q_%gst schd %\-ﬁggﬁga

system (al so call ed depo-up system is liable to be 0O conducte

vapor - phatie depesihoBhiobt! M depps tipn, g}rt%uwioogh%hgggﬁ AL N L

evaporation) is conducted. The ace- stem I's a

filmis {96 pROLHLE r he surface of the substrate on which the
el enents are to beﬁ%%%%e%%qgﬁr %(S:tsé%lt (mﬁﬁPﬂ?sb’sﬁ\MﬁW%st?héaﬁtw

suppr ess hRg stuck qnto the substrate. Then, reference nuneral
1106 dengggﬂs&gpcgr%?i rﬁaycﬁﬁnaé?’lfl%l QAP ch"P sSedubPesl T#¥ htakengtbrkthe

chamber 1105 th ou%]g a gate 1100b and has a carrying nmechanism (B) 1107.
Al so, ref8PEhEBEAUAREaF3RLDG elehotite wlistiiate .chalber thé chit dsk Cetkhiest wi t h
t he carri/i ng chanmber (B) 1106 through a gate 1100c. The baki ng chanber
1108 has'&0rethahidns thatabavermsnthensdrédcanof pliep sabsts ahergdheind s,
the substrate 50 2 1 J UL 2004 carried through the face-down systemis
swi t chedf®p therédgeimp nitrogen gas or rare gas high in purity.

Also, in this embodiment, the substrate 1103 is set on the
carrier in a state where a surface of the substrate 1103 on which
the elements are formed is directed downward. This is because a
face-down system (also called depo-up system) is liable to be
conducted when a vapor-phase deposition (a film deposition through
the sputtering or evaporation) is conducted. The face-down system
is a system in which the film is formed in a state where the surface
of the substrate on which the elements are to b'e formed is directed
downward, by which dusts can be suppressed from being stuck onto
the substrate.

Then, reference numeral 1106 denotes a carrying chamber (B)

which is coupled with the stock chamber 1105 through a gate 1100b

and has a carrying mechanism (B) 1107. Also, reference numeral 1108
denotes a baking chamber which is coupled with the carrying chamber
(B) 1106 throughagate 1100c. The baking chamber 1108 has amechanism

that inverts the surface of the substrate. That is, the substrate
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systemonce . This is because a subsequent process using a sppm %@Q!*
1109 is conducted through the face-up system Conversely, the s r Qe
whi ch has been processed by the spin coater 1109 is returned to the baking
chanmber 1108 again and then baked. Then, the substrate is turned upside
down, and the face-up systemis swtched to the face-down system

Ther eaf (BT k4@ Submiaialthd < actadied dye ddie 15t @6k tchBAME 1410500,
Incidentally, the filmform ng chanber 1109 having the spin coateéer i $

coupl ed apisttten becear rgiigi € bashet (B} . 1100d. The film
form ng chanmber 1109 having the sSi n %%%ggﬁéﬁsggé?%%gﬁggr% %%l%ﬁgﬁﬁ&r t hat
forms a ifidan £ONEGh&H RPN erjal ._by coating a solution containing
the EL material on the %ubglﬁ—%‘?@g rth% ﬁiﬁcé gﬁbggisgﬁﬂt, SORYPRERLYH oithed

froma Ri i.ght olymer) organic EL material in the film
f or ni ng ﬁ%ﬁ%g&%ﬁfﬁo&e‘%é °% ?ﬁe%(':?é't ¢ SEHe CRRUAHIE0%) S retbankdr med

into th%ofi'ljl ia juse for not only a light emtting |ayer but also a
charge imj €Ction %yRIRTT A1LRAYGE R AR bakgdyr . Thego, tremguksawathi gh
nol ecul ar weight organic EL material may be used. A representative organic
EL mat er*altVE] Pgersiet Hewhi ghnd the tfice-dmysrstramy ibe sRPYched to the

(pol ypar aphenyl ene vinylene) dielectric, PVK (polyvinyl carbazol e)

di el ect FRESoOWE Si'$ L en@hdirek€tkri, che Jhbst f6tal seetakhed th aanikvgake
polymer. Also, an organic EL nmaterial for the charge injection | ayer may
be PEDCFhépbkyt Hil@phene) 51 2 1 JUL 2004 or Pani (polyaniline).

Incidentally, the film forming chamber 1109 having the spin
coater is coupled with the carrying chamber (B) 1106 through a gate
1100d. The film forming chamber 1109 having the spin coater is a
film forming chamber that forms a film containing an EL material
by ceoating a solution containing the EL materiai on the substrate.
In this embodiment, a film is formed from a high molecular weight
{(polymer) organic ELmaterial in the £ilm forming chamber 1109 having
the spin coater. The EL material to be formed into the film is used
for not only a light emitting layer but also a charge injection
layer or a charge transport layer. Also, any known high molecular
welight organic EL material may be used.

A representative organic EL material that forms the light
emitting layer may ber PPV (polyparaphenylene vinylene) dielectric,
PVK (polyvinyl carbazole) dielectric or polyfluorene dielectric.
This 1is also called @ conjugate polymer. Also, an organic EL

material for the charge injection layer may be PEDOT (polythiophene)
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Thi s enbodi nent shows the filmfornmi ng chanber using the spimf tcogt e?dls
However, the present invention is not limted to the spin coater and the
filmform ng chanber using a dispenser, print or ink jet instead of the
spin coater nmay be used. Further, the f ilmf orm ng device according to
this enbodi nrent can be used when formng the EL |layer in the structure
wher e anyr stnuctpoéyahikibedi.nents 1 to 9 are arbitrarily conbined with
the structure of this enbodi nent. Enbodi nent 11 The EL di spl ay device
fabricated i n BBCOrGRE M ] i Nt | i f. the R

i W shBGsPORS 80 fcﬁ{'ﬁnq{d BRalhBe 'y ing t%geo‘vfpjflhe

-em ssion type, and thus exhibits nore “excellent” recogni za

di spl ayed,i e i Lght_.place as conpared to the |Jiquid crystal display
devi ce. %ﬂ?t gr' nol?%‘,ge{’%%' tl‘:ti[_)e Blrgﬁfag)%l Hé‘g?ré%l%slsanﬁfd]eﬁljﬁeé%tﬁgt%ﬁg‘?@n
Accor di ng| the EL _.display _device can be applied to a display portion in
vari ous g% E%Frgﬂgctﬁgv%gé?.fPSWlBﬁaﬁBP@PanU%%H%rat@ﬂ%@%ﬂ@%Fﬂ\P¢¢@©r9n1or
the like on a | arge-sized screen, the self -em ssion device in accordance
with thelPFedtht 1PAVEALi 68 &hA BRinsedaheramayspéaysedrtion of an EL
display (i.e., a display in which an EL display device is installed into a
frame) havi ng Busithgondhest zémdforddngnddescormccoandary {4 Yaieadhyodnémehes
or larger. The EL display includes all kinds of displays to be used for 52

2 1 JUL eddlodisptayiingn i fdaiiwd 0k EIHARvRE andtBel a¥rhstufe PRESODA Ly
conputer, a display for receiving a TV broadcasting program a display for
structure of Embodiments 1 to 9 are arbitrarily combined with the

structure of this embodiment.

Embodiment 11

The EL display device fabricated in accordance with the present
inventiron is of the self-emission type, and ’thus exhibits more
eXcellent recognizability of thé displayed image in a light place
as compared to the liquid crystal display device. Furthermore, the
EL display device has a wider viewing angle. Accordingly, the EL
display device can be app;ied to a display portion in wvarious
electronic devices. For example, in order to view a TV program or
the like on a large-sized screen, the self-emission device in
accordance with the present invention can be used as adisplay portion
of an EL display (i.e., a display in which an EL display device
is installed into a frame) having a diagonal size of 30 inches or

larger (typically 40 inches or larger.)

The EL display includes all kinds of displays to be used for
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advertisenent display. Mreover, the EL display device in acZordapcenp th
the present invention can be used as a display portion of other various

el ectric devices. Such el ectronic devices include a video canera, a digital
canera, a goggles -type display (head nount display) , a car navigation
system a sound reproduction device (an audi o equi pnment etc.), note-size
per sonall1EEpTes, Lafganet ianhi nesh aspardiaiyies Bber Aer@n dieEHhpat e £ 2

mobi | e conputer, a portable tel ephone, a portable game machine, an '

el ectroRi 818D8RY Bort heckikehg ANTY MEGM IRRIQAGLL kR raPPar a&gﬁlgg%gdi ng a
recordi ng nmedium (nore specifically, an .apparatus which can repfodlice a

recor di agveedigamesttChd 8sp 856 0NMPagG ' ( : | aser, di s LD) , . a
digital video disc (DVD) - A g ﬁ%‘sej‘gélca g??sem ‘3@ f%frsl-:’o“raé{ﬂ %&ﬁﬁet htn
rticul a portabl e

repr 0dugedorBBEEY widh 1HE phicker ! 1] ol Jhe case of the

i nformation termnal. user o %tnﬁcelrﬁfL THisHl %Vh?ﬁ@?% AR SbPRI 3P RCe
the portableyLnf [,Qn_ . term.nal, that is likely to be viewed froma
tilted diregPanG%gEngtS%efga&Frgav?Seﬁave a wide viewing angle. Figs. 12A

to 13B respegtivel¥ show various specific exanples of such el ectronic
devi ces. Fig, “19A $1PO5TPRiesdgniees ginplade whi chdemctamiesaa 4 rabei 2901, a
support table 2002, a display portion 2003, or the like. The present
i nvent i 9ATPE2aFHIIHR -t e Héstlspl(apaderdimind 280Bay The ddr shepyayior 1
JUL 2004 is of the EL display type and therefore requires no back |ight.
Thus, t#EsEe8pl ayspontl aepreienfi ctameiave g dohifkdies eddligmalt than |
note-size personal computer, a game machine, a portable information
terminal (a mobile computer, a portable telephone, a portable game
machine, an electronic book, or the like), an image reproduction
apparatus including a recording medium (more specifically, an
-apparatus which can reproduce a recording medium such as a compact
disc (CD), a laser disc (LD), adigital video disc (DVD}, and includes
a display for displaying the reproduced image), or the like. 1In
particular, in the case of the portable information terminal, use
of the ELdisplaydevice ispreferable, since the portable information
terminal that is likely to be viewed from a tilted direction is
often required to have a wide viewing angle. Figs. 12A to 13B
respectively show various specific examples of such electronic
devices. o

Fig, 12A illustrates an EL display which includes a frame 2001 ,

a support table 2002, adisplayportion 2003, or the like. Thepresent

invention is applicable to the display portion 2003. The EL display




that of the liquid crystal display device. Fig - 12B iIIust;?geﬁug %j eo
canera which includes a main body 2101, a display portion 25 n*gudio
i nput portion 2103, operation sw tches 2104, a battery 2105, an inage
receiving portion 2106, or the like. The self -em ssion device in
accordance with the present invention can be used as the EL displ ay

portion 2402f €hg.EN2G4p1akst¥@EESa 3 POLLS i.ght - hal f piece) of an
EL di splay of head nount type,%mhi%h inclu esr(etat}ee Rl ﬁgdf%%f,k ls'ligéﬁal

cables 2202, ndents 1wyt 28038 0 S0L0X, POLLLON 2208, a0 OBl ol

system 2205, an self -em’'ssion devicé

inventi ophds pplica 1o the EL djsplay device 2206. Fig. 12D illustrates
an i mage reprodljl.écl}twlgoirjli plp%rcaﬁﬁtaf (fjrlt%?lr?@’ devi&eor di ng medi um (nore

specifically, DV%%eiﬁTrﬁoducti on apparatus), which includes a main body
2301, a recor diyg UM TS o Wikeo cakeya ¥302h opehwléon il ebes
2303, a gliospl ay, portion (a) 2304, another display portion (b) 2305, or the
like. THe i sPITASRIGH PoRt1pn)2102 usediumhioni ypht pordisp! 20 NI opEREE 1 o
information, while the display portion (b) is used mainly for displaying
char act & itHRS i, a Hee telrydipsay aevinegel @e@gggg_ggn?gr\eﬁgg ?E)%G -

N e

present i nvent i.on can be used. as th_ese di spl ay porti ons a) an )
2"Ch 1 eproduct i on devi s and " aann tarie BELELPaaERL ATy By BELsLRR TS
2004 Fi gnvEfE iidnl @&hr@be%s%ap%%t%%bez&”%ﬁk5§%y08g9%£8£ whgh

Fig. 12C illustrates a portion (the right-half piece) of an
EL display of head mount type, which includes a main body 2201,
'signal cables 2202, a head mount band 2203, a display portion 2204,
an optical system 2205, an self-emission device 2206, or the like.
The present invention is aﬁplicable to the EL display‘device 2206.

Fig.12Dillustratesanimagereproductionapparatusincluding
arecordingmedium(morespecifically,aDVDreproductionapparatus),
which includes a main body 2301, a recording medium (a DVD or the
like) 2302, opera#ion switches 2303, a display portion (a) 2304,
another display portion (b) 2305, or the like. The display‘portiqn
(a)isusedmainlyfordisplayingimageinformation,whilethedisplay
portion (b) is used mainly for displaying character information.
The EL display device in accordancem;ith the present inveg;ion can
beu;edasthesedisplayportions(a)and(b). The image reproduction

apparatus including a recording medium further includes a ¢Cb

reproduction devise and a game machine or the like.
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incl udes a main body 2401, a camera portion 2402, an image r&ceidiing0d4
portion 2403, operation switches 2404, a display portion 2405, or the

| i ke. The EL display device in accordance with the present invention can
be used as the display portion 2405. Fig. 12F illustrates a personal

conput er whi clridicl uges ;. i dy. fr 02, a display portion
2503. a key boar% 2504, iérﬁ%;tggtfglgkg Zp?%lataéiledi Eﬁ?%&%iv?%’@ﬂlﬁeécé%}i@éhce
W th the jBs&NM 5 4 t be used as the display portion 2503. Wen
the brighter I umanrg%%lg%gfﬂ’ln ?%ﬁ? ' ean??lf‘%’aaﬂ%ﬁltoﬁ*ezﬁfzr REt HI3%8 Descdivesig

avai | ab';?of& szzzfolfzt ure, the EL display device in accordance with the
present 1 nventi on W'l CPEE&PAR E4bieled 2404 endisppey wortebon t34ES , or
projectaqr, in which Light including output inmage information is enlarged by
means of I}eeF:]ngts]'e or e BY 1éd and-avhaleprisicednediccbirdaater enent itpree ralsaglr oni
devices are nore likely to be used for display information distributed

t hr ough &Vad b fmileatised pat htisuch sa dynteidtebon 246ATV (cabl e
television systen), and in particular likely to display noving picture

infor mat i on. Tig EL2Miisplay rdeesce pegasthl alliuiar Mol aKeNGRVL L

pi ctures since the EL material can exhibit high response speed.”
whol 6 cannot be ol eary di ol sy ed- & ReE Rl 250 a b naE e 20T °°
accor dangeckibl ukbe phese! al BYeRl| N £AD ARKE 5002, 4 IR O0L LS S0 oW
invention can be used as the display portion 2503.
When the brighter luminance of light emitted from the EL
material becomes available in the future, the EL display device
- in accordance with the present invention will be applicable to a
front-type or rear-type projector in which light including output
image information is enlarged by means of lenses or the like to
be projected.
The aforementioned electronic devices are more likely
to be wused for display information distributed through a
telecommunication path such as Internet, a CATV (cable television
system), and in particular likely to display moving picture
information. TheELdisplaydeviceissuitablefordisplayingmoving
pictures since the EL material can exhibit high response speed.
However, if the ;ontour between the pixels becomes unclear, the

moving pictures as a whole cannot be clearliy displayed. Since the

EL display device in accordance with the present invention can make




advant ageous to apply the EL display device of the present inqpmtyg? othe a
di splay portion of the electronic devices. A portion of the EL display
device that is emtting light consunes power, so it is desirable to
display information in such a manner that the light emtting portion
therein gfcones as small as possible. Accordingly, when the EL display
devi ce iSh@ppldngcbuxt o be teliespl aynporpiom phigh 4yai nky di spl .char acter
information, e.g., a display portion of a portable i an ornsg%éﬁioln Al ,
and noredpaitagedes todaPet ¥ ablert §liephgne; ar; roaudio_equipnent, i
desirable to drive the EL d?splay dév?ce%ﬁ??%éﬁS?Hgm%ﬂﬁ?g%?gﬁnWQﬁQﬁﬁﬁ
is formegh by & d4 -emiting portion while a non-em ssion portion
corresponds to téhe %ac g%%%ﬂd‘?PVVf% HoW ret e %S i g. 13A, a portabl e
tel ephone is il rated ich includes amain body 2601, an audi o out put
portion 26027~ r?LLZ%Jl %‘o ?%ptl(,ﬁ]e pot t4oiP b slevd qn dPiady isoemisn i2604,1ght

oper at i %%nssuvx,i tches 2605, and an_antenna 2606. The EL display device in
accor dance Wi EhFresSént ti #%<irs otk tise dispdamsinhermisidmyin peidd on
2604. The displa¥ portion 2604 can reduce power consunption of the

port abl & [PePEskoRBaby thpshialyt rgnitt irey polraried tharach &Secomds as small

bl ack-col ored background. Fig. 13B illustrates a sound reproduction device,

a car add ®osédbilerenfcrordianeie wRem tMbiEh dned udesiea i A gbady 12701, a
di splay portion 2702, and operation swtches 21;%% and 2704. '?hei%é'%}&

2004 selthb- endsspDay dsvt €eoh MACIOHAIAGG H4 LP1 4P PHASRTe DY BLQR 163N

tis
tion

e.g;, a display portion of a portable information terminal, and
more particular, a portable telephone or a car audio equipment,
it is desirable_to drive the EL display device so that the character
information is formed by a light-emitting portion while a
non-emission portion corresponds to the backg;ound.

With now reference to Fig.13A, a portable telephone is
i;lustrated,whichincludesanminbodyZGOl,anaudiooutputportion
2602, an audio input portion 2603, a display portion 2604, operation
switches 2605, and an antenna 2606. The EL display device in
accordance with the present invention can be used as the display
portion 2604. Thedisplayportion2604canreducepowerconsumption
of the portable telephone by displaying white-colored characters
on a black-colored background.

Fig. 13B illustrates a sound reproduction device, a car audio
equipmentichoncreteterm,whichincludeseimainbody2701,aadisplay

portion 2702, and operation switches 2703 and 2704. The
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be used as the display portion 2702. Al though the car audio éh@i@@@q%géof
the nmount type is shown in the present enbodi nent, the present invention
is also applicable to an audi o of the set type. The display portion 2702
can reduce power consunption by displaying white-colored characters on a

bl ack-co d und, . which is articularly advantageous for the audio
of the p%‘?%gb?rgft%%gég AT %%FFFE%EB{}@? YHeD grds BRESPRFehRY Ot tam drn

appl i ed bgari usl¥ tgﬁg wi de range of electronic devices in all fields. The
el ect ron? @ "FEH TRA HER LGFRIRE L @B AR nedtl thwudbet ehear sed toye quitindrzt ng
an EL di sgl ay device having the configuration in which the structures in
Enbodi nmeft stHie afgh vre aseshpwsl yn durdbipresendsemasdtiesat | bege ahaudnt
according to the present invention, the active matrix EL display device
havi ng alpvsetichiscdls®apbat cabealtizes aadhbPr apesbyrsgat i @hWi 4 NG,

i ncreasing the nunber of masks and the nunber of processes can be

real i zedpodteord or 2goRNgcEASCiHeiicln owlhe RIGkehed oM ed) t f_ithe
i nvention has been presented for pur%%ges of% Flugtrgtio%%;n éif%ylng

descr [ plinofice-dd1dfedAindPhEAURY 4P DG18XRAUS LYEL Wbl ATRE tHC o 1o

invention to the precise formdisclose nmodi

are pos'é%ga%#héfgﬁt 8&&& $%above teﬁéﬂigga%fr{%%y be %gﬂgired from
practiczéo the 1n natllon.p B0 RHbodt neht % Chddn P s dmsed in
order to explghg t he Pri ﬁigles of the invention and its practical
appl i cation td eridbt et BRERSRPPVEd ithet REegeRtt ¢nyenpien)gamdey annlied t he
invention in various enbodi nents and with various

. variously to a wide range of electronic devices in all fields. The
electronic device in the present embodiment can be obtained by
utilizing an EL display device having the configuration in which

the structures in Embodiments 1 through 10 are freely combined.

As was described above, according to the present invention,
the active matrix FL display device having a pixel structure that
realizes a high aperture ratio without increasing the number of
masks and the number of processes can be realized.

The foregoing description of the preferred embodiments of the
invention has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and modifications and
variations are possible in light of the above teachings or may be
acquired frompracticeof theinvention. The embodimentswere chosen

and described in order to explain the principles of the invention

and its practical application to enable one skilled in the art to
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nodi fications as are suited to the particul ar use contenplate?1 #pl I
i ntended that the scope of the invention be defined by the «cTai a%@%nded

hereto, and their equivalents. 58 2 1 J UL 2004 WHAT IS CLAIMED IS: 1 An
el ectronic device, conprising; a switching transistor; a current control
transistor; a light-emtting elenent; said switching transistor

conpri sing;liaes &ffe ONESt ©f o AYRT vRELQY| de - bstrate, .a source
region and a drain region provideg in saigmgéﬁﬁggﬁ gc%%ﬁl%ﬁﬁﬁ;v%Flous

channel mt@n i Rd +F 8608 P i i i d,sem conductor |ayer between said
sour ce ?egﬁo% gﬁggggi%sdég¥ng§g§F§n?3agast%aﬁfk%? B PF oV HEH RYRECD A d

channel +fotm ¢ Lon_.wih_a ate insulating filmtherebetween: an
interla%%r&?hggFéﬁgﬁg F??ﬁ1B?%V%ﬂ@ﬁadVéFh§aF&V8&Fé°EIEét@@ﬁé?eénHYat@@te
Wi ring cgnnected to said gate el ectrode and provided over said interlayer
i nsul at FrngPFI APRRECEHpBrPpESEd 80Er theireagrivalenthannel -forming region.
2. A device according to claiml, wherein said sem conductor |ayer has a
regi on which is superinposed on said gate wiring. 3. A device according to
claim 2, wherein said region of said sem conductor |ayer which is
superinposed on said gate wiring includes at |east said channel -
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formng region. 59 2 1 JUL 2004 4. A device according to clai gg,dﬁge%@,n
said region of said sem conductor |ayer which is superinpose n i dgate
wiring includes at |east a region existing between said channel -form ng
region and said drain region. 5. A device according to claim2, wherein
said region of said sem conductor |ayer which is superinposed on said gate
wiring includes at |east a region existing between said channel -form ng
region and said source region. 6. A device according to claim2, wherein

sai d serﬁ,ggﬁﬁg g[Mé@)@r includes a plurality of channel -form ng regions;
and wheréinsard regi of said sem conductor |ayer which is superinposed
on said gate wiring includes at |east a region existing between one of
sai d channel -form ng regi ons and anot her channel-formng region. 7. A

devi ce accordiyng t AnGledirdhid deWhe tEinprisiy;d el ectrode which is superinposed
on said channel -form ng region conprises a gate el ectrode. 8. A device

according to claiml, waskinhgrrdisgrectrode 60 2 1 J UL 2004 and said
source wirings are nmade of the sanme naterial. 9. A device according to
claim1, wherein each ofcsdrl cORfc®irahdidtiyds is forned of one of filns each
~mainly containing an el enent selected fromthe

a light-emitting element;

said switching transistor comprising;

a semiconductor layer provided over a substrate;

a source region and a drain region provided in said semiconductor
layer;

a channel-forming region provided in said semiconductor layer
between said source region and said drain region;

a gate electrode provided over said channel-forming region with a
gate insulating film therebetween:

an interlayer insulating film provided over said gate electrode; and

a gate wiring connected to said gate electrode and provided over
said interlayer insulating film and superposed over at least said channel-forming

region,

2. A device according to claim 1, wherein said semiconductor layer has a

region which is superimposed on said gate wiring.

3. A device according to claim 2, wherein said region of said semiconductor
layer which is superimposed on said gate wiring includes at least said channel-
forming region.
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group consisting of W Wsix, A, Cu, Ta, C, M, and poly-Si7 whijgh 2084 doped
wth inmpurity elenents that inpart a conductive type, or a lamnate film
formed of said filns. 10. An electronic device, conprising: a swtching
transistor; a current control transistor; an erasing transistor; a
light-emtting elenent; said switching transistor conprising; a ‘

sem conduct or | ayer provided over a substrate; a source region and a drain
region provided in said sem conductor |ayer; a channel-form ng region

provi ded in said sem conductor |ayer between said source region and said
drain region; a gate el ectrode provided over said channel-form ng region

with gate insidatinfg devind hecekatinvgens &himter Laxes jnsylating film

provi ded over said gate electrode; and a gate W angégn%%%:?e%ﬁ PR At

gat e el ezaidcemnopiust ded :Q¥er wh s d J r iosulating film and

super posed over at |east sai chvénnglllgfglorgﬁg%%ggﬁ?‘gnqn §$19 9atewizgew 11.

An el ectImdiM Cd&LHIC Qe LMY 1,51 NQ, _a.sWMtching transistor; a current

control transistor; an erasri%r?ggjpr gﬁ%?gnfla??beg”een said channel-forming
region and said drain region.

5. A device according to claim 2, wherein said region of
said semiconductor layer which is superimposed on said gate wiring
includes at least a region existing between said channel-forming
region and said source region.

6. A device according to claim ?2, wherein said
semiconductorlayerincludesapluralityofchannel-formingregions;
and wherein saig region of said semiconductor layer which is
superimposed on said gate wiring includes at least a region existing
between one of said channel-forming regions and another

channel-forming region.

7. A device according to claim 2, wherein said electrode
which is superimposed on said channel-forming region comprises a

gate electrode.

8. A device according to claim 1, wherein said electrode
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alight-emtting elenent; said erasing transistor conprising; a

sem conduct or | ayer provided over a substrate; a source regigbﬁ ddt 2% ain
region provided in said sem conductor |ayer; a channel-form ng region
provi ded in said sem conductor |ayer between said source region and said
drain region; a gate el ectrode provided over said channel-form ng region
with a gate insulating filmtherebetween; an interlayer insulating film
provi ded over said gate electrode; and a gate wiring connected to said

gat e el ect r odearRfdhidSdYdARANGVAE maRI H Wofld ABFiatl NSul ating film and
super posed over at |east said channel-formng region. 12. A device

according to claim1ll, wherein said sem conductor |ayer has a region which
i s superinposed on said second gate wiring. 62 2 1 JUL 2004 13. A device

accordi ng to cd.ai mA Yevieb efcebiingaiolclbiflitOWhefein 28 of @AHCENS UatiRYs fsayer
whi ch is superinposed on said second gate wring includes at |east said

channel - f or m nigrme&diodBne bt filds desH AR CoNtdiINAG droelemahtididstediemeine sai d
first electrode which is superinposed on said channel -form ng region
conpri ses a gagreupt@sistioglef W1B/SihA AdeCuCTEa, @3 006,Hnd olycSi thithng ddpedwiar ei n
said second electrode conprises a gate electrode of said current control
TFT, which i simporityetanashts bat inpadeaionduaige tipeodr sslamthagailindfbinmgl of sdid

films.

10.  An electronic device, comprising:

a switching transistor;

a current control transistor;

an erasing transistor;

a light-emitting element;

said switching transistor comprising;

a semiconductor layer provided over a substrate;

a source region and a drain region provided in said semiconductor
layer;

a channel-forming region provided in said semiconductor layer
between said source region and said drain region;

a gate electrode provided over said channel-forming region with
gate insulating film therebetween;

an interlayer insulating film provided over said gate electrode; and -

a gate wiring éonnected to said gate electrode and provided over
said interlayer insulating film and superposed over at least said channel-forming
region.
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16. A device according to claim1l, wherein said first gat2 i ngpgnd said
second gate wiring are nade of the sane material. 17. A device according to
claim1l, wherein said first gate wring and said second gate wiring are
formed of one of filnms each nmainly containing an el enment selected fromthe
group consisting of W Wsix, A, Cu, Ta, C, M and poly-Si which is doped
wth inpurity elenents that inpart a conductive type, or a lamnate film
formed of said films. 18. Electric equi pnent using said el ectronic device
as claimed in ¢fai Mrlele@font ddvieB! @mieingi on for one selected fromthe 63 2
1 JUL 2004 group consisting of a personal conputer, a video canera, a
portable information terswitdhihg translétek:t al canmera, a digital video disc
pl ayer and an el ectronic play device. 19. Electric equipnment using said
el ectronic device as claxdurredt ¢ontrol tingist?, as a display portion for one
selected from the group consisting of a personal conputer, avideo canera,
aportable information taaremasiad trarsistbrgi t al canera, a digital video disc
pl ayer and an el ectronic play device. 20. Electric equipnment using said
el ectronic device as cladightemitimgdlementll, as a display portion for one
selected from the group consisting of a personal conputer, a video canera
, a portabl e infornati ¢aidtesasingtadnsistordiogiptising;canera, a digital video disc
pl ayer and an el ectronic play device. 64

a semiconductor layer provided over a substrate;

a source region and a drain region provided in said semiconductor
layer;

a channel-forming region provided in said semiconductor layer
between said source region and said drain region;

a gate electrode provided over said channel-forming region with a
gate insulating film therebetween;

an interlayer insulating film provided over said gate electrode; and

a gate wiring connected to said gate electrode and provided over
said interlayer insulating film and superposed over at least said channel-forming

region.

12. A device according to claim 11, wherein said semiconductor layer has a

region which is superimposed on said second gate wiring.
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2 1 JUL 2004 ELECTRONI C DEVI CE ABSTRACT OF THE DI SCLGSURE Theh & #ULpfWi ded
an electronic device in which the deterioration of the device is prevented
and an aperture ratio is inproved w thout using a black mask and w t hout

i ncreasing the nunber of masks. In the electronic device, a first

el ectrode (11§§dis di sposed on another |ayer different fromthe |ayer on
which a gate “wiring §9%bye iaF dirsiieseticaslalydtle whertindemiandg@on of

sem conductor |ayer of a pixel switching TFT is superinposed on the gate
wiring S@igsyempcasduetps bawet didchr bm supdghiposEiisn $dEd GeldfakLoN

of the TFT is suppressed, and a high aperture ratio is realized: Fig. 1)
65 AMENBEDiSEEETicludes at least said channel-forming region.

14. A device according to claim 11, wherein said first
electrode which is superimposed on said channel-forming region

comprises a gate electrode.

15. A device according to claim 11, wherein said second
electrode comprises a gate electrode of said current control TFT,

which is connected to the drain region of said switching TFT.

16. A device according to claim 11, wherein said first gate

wiring and said second gate wiring are made of the same material.

17. A device according to claim 11, wherein said first gate
wiring and said secend gate wiring are formed of one of films each
mainly containing an element selected from the group consisting
of W, WSix, Al, Cu, Ta, Cr, Mo and poly-8iwhich is doped with impurity
elements that impart a conductive type, or a laminate film formed

of said films.

18. Electric equipment using said electronic device as

claimed in claim 1, as a display portion for one selected from the
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group consisting of a personal computer, a video camera, a portable
information terminai, a digital camera, a digital video disc plaver

and an electronic play device.

138, Electric equipment using said electronic device as
claimed in claim 10, as a display portion for one selected from
thegroupconsistingof apersonal computer, avideo camera, aportable
information terminal, a digital camera, a digital video disc player

and an electreonic play device.

20. Electric equipment using said electronic device as
claimed in claim 11, as a display portion for one selected from
the group consistingof apersonal computer, avideocamera, aportable

information terminal, a digital camera, a digital video disc player

and an electronic bplay device,.
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ELECTRONIC DEVICE
ABSTRACT OF THE DISCLOSURE

There is provided an electronic device in which the
deterioration of the device is prevented and an aperture ratio is
improvedwithoutusingaiblackmaskandwithoutincreasingthenumber
of masks. In the electronic device, a first electrode (113) is
disposed on another layer different from the layer on which a gate
wiring (145) is disposed as a gate electrode, and a semiconductor
layer of a pixel switching TFT is superimposed on the gate wiring
(145} so as to be shielded from a light. Thus, the detericration

of the TFT is suppressed, and a high aperture ratio is realized.

(Fig. 1)
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